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Abstract: Next-generation sequencing (NGS) has become a cost-effective approach to screening for a number of 
genes simultaneously in clinical use. The purpose of the present study is to screening for known mutations of cancer 
drug target genes in patients with non-small cell lung cancer (NSCLC) using an NGS targeted sequencing approach. 
Genomic DNA was extracted from sections of formalin-fixed paraffin-embedded (FFPE) tissue samples of 58 NSCLC 
patients. The Ion AmpliSeq Colon and Lung Cancer Research Panel v2 was used to screen. ARMS-PCR was used 
to validate the NGS results. NGS targeted sequencing revealed that 44 (75.9%) of the 58 carried mutations in 7 
genes. Higher mutation frequencies were found in the EGFR (43.1%), TP53 (37.9%) and KRAS (12.1%) genes, and 
lower frequencies in the CTNNB1 (3.4%), NRAS (3.4%), SMAD4 (3.4%) and PIK3CA (1.7%) genes. A higher mutation 
rate was found in adenocarcinoma (ADK) samples compared to squamous cell carcinoma (SCC) samples, but the 
difference was not significant (P = 0.34). Female patients showed a significantly higher mutation rate in the EGFR 
gene than male patients (P = 0.03). A significantly higher number of EGFR mutations was observed in ADK samples 
compared to that in SCC samples (P = 0.02). The findings of the present study indicate that NGS targeted sequenc-
ing can effectively detect mutations in clinical tumor samples, thereby highlighting that NGS is a promising tool in 
personalized medicine.
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Introduction

Non-small cell lung cancer (NSCLC) is the lead-
ing cause of cancer-related death, accounting 
for 85%-90% of lung cancers, with a poor five-
year survival rate of less than 20% [1]. The 
molecular basis of lung cancer is complex  
and heterogeneous. The underlying molecular 
mechanisms between the two major NSCLC 
histologic subtypes, namely, adenocarcinoma 
(ADK) and squamous cell carcinoma (SCC) are 
distinct [2]. For example, 25% of patients with 
ADK have mutations in the v-Ki-ras2 Kirsten rat 
sarcoma viral oncogene homolog (KRAS) gene, 
whereas these are extremely rare in SCCs [3]. 
In contrast, 35%-45% of patients with SCC 
carry mutations in the phosphoinositide-3-ki-
nase (PI3K) or PTEN gene, but only 5%-10% of 
ADKs have mutations in these genes [4, 5]. 

Similar to other malignancies, tumorigenesis in 
lung cancer involves the activation of growth 
promoting genes such as EGFR, KRAS, BRAF, 
MEK1, HER2, MET, ALK, and RET as well as 
inactivation of tumor suppressor genes such as 
P53, PTEN and LKB1 [6].

Approximately 15%-20% NSCLC patients may 
benefit from personalized medicine based on 
the genetic background of the tumor [7]. Various 
drugs have been approved for the treatment of 
NSCLC patients who carry well-defined driver 
mutations such as EGFR mutations and ALK 
rearrangements [8-11]. Other driver mutations 
include alterations in the TP53, KRAS, LKB1, 
HER2, BRAF, MEK, ERK and AKT1 genes, as 
well as RET fusions [3, 11-13], and clinical trials 
have been designed to evaluate several com-
pounds that are relevant to these mutations 
[14].

http://www.ijcep.com
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Table 1. Demographic and clinical features of NSCLC 
patients

Patient Gender Age Histology Stage Family 
history

Smoking 
habits (years)

1 M 69 ADK II N 40
2 M 70 ADK IV N 50
3 F 56 ADK IV N NS
4 F 55 ADK II N NS
5 F 68 ADK IV N NS
6 M 61 ADK IV N 30
7 M 78 ADK II N 40
8 M 71 ADK III N 40
9 M 61 ADK IV N 40
10 F 72 ADK II N NS
11 F 77 ADK IV N NS
12 M 56 ADK II N NS
13 M 64 ADK III N 30
14 F 63 ADK III Y NS
15 M 74 ADK III Y 55
16 M 88 ADK II N 60
17 M 45 ADK IV N 20
18 F 58 ADK NA N 20
19 F 58 ADK IV N NS
20 F 25 ADK I N NS
21 M 64 ADK II N 30
22 F 46 ADK III Y NS
23 F 48 ADK IV N NS
24 M 63 ADK IV N 30
25 F 46 ADK IV N NS
26 F 68 ADK IV N NS
27 M 64 SCC III N NS
28 F 46 ADK IV Y NS
29 M 67 SCC IV N NS
30 M 50 ADK III N 20
31 M 68 SCC IV N 30
32 F 65 ADK NA N NS
33 M 69 ADK II N NS
34 M 74 ADK II N 40
35 M 74 ADK IV N NS
35 M 65 SCC IV N 30
37 M 21 ADK NA N 5
38 M 46 ADK IV N 30
39 F 45 ADK IV N NS
40 F 74 ADK IV N NS
41 F 60 ADK IV N NS
42 F 74 ADK IV N NS
43 F 49 SCC II N NS
44 M 61 ADK IV N 40
45 M 66 ADK NA N 40
46 F 52 ADK III N NS

The advent of next-generation sequenc-
ing (NGS) has revolutionized the app- 
roach in detecting gene mutations. In 
particular, an optimized NGS workflow 
has been established for analyzing 22 
lung cancer-related genes in critical 
samples such as DNA from formalin-
fixed paraffin-embedded (FFPE) tissues 
and circulating free DNA (cfDNA) [15]. 
Detecting mutations in lung cancer-relat-
ed genes from NSCLC patients based on 
the NGS targeted sequencing has been 
reported in various ethnic populations 
[11, 16-19]. However, investigations 
involving Chinese patients remain limit-
ed despite the high incidence of lung 
cancer and the leading cause of cancer-
related death in China [20].

In the present study, we investigated 58 
NSCLC patients using a NGS targeted 
sequencing panel that included 1,850 
targeted sites in 22 cancer drug target 
genes. Our NGS analyses revealed that 
75.9% of NSCLC patients carried muta-
tions in 7 of these genes. These results 
suggest that NGS targeted sequencing 
can effectively detect mutations in clini-
cal tumor samples, thereby highlighting 
this technology as a promising tool in 
personalized medicine.

Materials and methods

Patients

Fifty-eight NSCLC patients were recruit-
ed from the Affiliated Hospital of Jining 
Medical College in Jining, Shandong 
Province, China. The Ethical and Protocol 
Review Committee of Jining Medical 
College approved the study protocol. 
Written informed consent was obtained 
from all patients. The demographic and 
clinical features of the patients are 
shown in Table 1. There were 33 (56.9%) 
male patients and 25 (43.1%) female 
patients. The patients’ average age was 
60.7 ± 12.6 years, ranging from 21 to 88 
years. Tissue samples were collected 
from these patients, including 41 lung 
biopsies, 11 metastases, 5 gross speci-
mens, and 1 pleural effusion. There 
were 51 patients with ADK and 7 
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patients with SCC. One (1.7%) patient was diag-
nosed as stage I, 13 (22.4%) patients were 
diagnosed as stage II, 10 (17.2%) patients were 
diagnosed as stage III, and 29 (50.0%) patients 
were diagnosed as stage IV, whereas the stag-
es of 5 (8.6%) patients were not determined. 
Six (10.3%) patients had a family history of lung 
cancer, whereas 52 (89.7%) had no family his-
tory. Twenty-seven (46.6%) patients had a 
smoking history (34.1 ± 11.6 years, ranging 
from 5 to 60 years), whereas 31 (53.4%) had 
none. Informed consent was obtained from all 
individual participants included in the study.

DNA preparation and Ion torrent PGM library 
preparation

Genomic DNA was extracted from sections of 
FFPE tissue samples using the QIAamp DNA 
Mini Kit (Qiagen, Valencia, CA, USA) according 
to the manufacturer’s instructions. The Ion 
AmpliSeq Library Kit 2.0 (Life Technologies, 
Carlsbad, CA, USA) was used to construct an 
adapter-ligated library following the manufac-
turer’s protocol and previous reports [21]. Then, 
quality control of libraries was performed with 
Qubit® 2.0 and a 2100 Bioanalyzer (Agilent 
Technologies, PaloAlto, CA, USA). There were a 
multiplexed of 16 libraries consisting of 50 pM 
prepared library per sample then amplified by 
emulsion PCR on Ion PI™ Ion Sphere™ Particles 
(ISPs) with the Ion One Touch™ 2 Instrument 
(Life Technologies, CA, USA). Template-positive 
ISPs were enriched (Ion One Touch™ ES Instru- 
ment), loaded onto an Ion 318™ Chip v2 (Ion 
PI™ Sequencing 200 Kit v3, Life Technologies, 

was performed on the Ion PGM platform (Life 
Technologies). The detailed methods of Ion 
Ampliseq Cancer Panel sequencing have been 
previously described [15, 19, 22].

NGS data analysis was performed with the Ion 
Reporter software (Life Technologies). Hotspot 
and targeted regions, together with the json 
parameters files associated with the Ion 
AmpliSeq Colon and Lung Cancer Panel v2 (Life 
Technologies), were loaded into the Variant 
Caller plugin. All identified variants were visual-
ly confirmed by using the Integrative Geno- 
mics viewer (IGV) [23]. To predict the effect of 
missense mutations on the corresponding pro-
tein and to calculate their conservation scores, 
variants were annotated using PolyPhen-2 
(http://genetics.bwh.harvard.edu/pph2/), SIFT 
(http://sift.jcvi.org/), and Genomic Evolutionary 
Rate Profiling (GERP; http://www.broadinsti-
tute.org/~mgarber/GERP/documentation.pdf) 
scores. Variants were named according to the 
Catalogue of Somatic Mutation in Cancer (COS- 
MIC; http://cancer.sanger.ac.uk/cosmic) and 
Single Nucleotide Polymorphism Database 
(dbSNP; http://www.ncbi.nlm.nih.gov/snp/). Po- 
pulation frequencies of the variants were 
obtained from the NHLBI Exome Sequencing 
Project (http://evs.gs.washington.edu/EVS/).

Amplification refractory mutation system 
(ARMS)-PCR

To validate the mutations detected by NGS tar-
geted sequencing, all patients were screened 
for 29 known EGFR mutations by using ARMS-
PCR as previously described (Supplementary 
Tables 1, 2) [24].

47 F 64 ADK IV N NS
48 M 67 ADK II N NS
49 M 46 ADK IV N 30
50 M 47 ADK II N 30
51 F 52 ADK IV N NS
52 M 83 SCC IV Y 50
53 M 60 ADK IV N 30
54 F 73 ADK III N NS
55 M 66 ADK III N NS
56 M 53 SCC II N 30
57 M 57 ADK NA N 30
58 F 60 ADK IV Y NS
Abbreviations: NSCLC: Non-small cell lung cancer; M: Male; F: Female; 
ADK: Adenocarcinoma; SCC: Squamous cell carcinoma; N: No; Y: Yes; 
NS: Never smoker; NA: Not available.

Carlsbad, CA, USA) and runned on PGM 
(Life Technologies, Carlsbad, CA, USA).

NGS and data analysis

Based on the Ion AmpliSeq Colon and 
Lung Cancer Research Panel v2 (Life 
Technologies), 22 tumor targeting dru- 
g-related genes were selected for the 
NGS targeted sequencing from the On- 
comine Database, including ALK, AKT1, 
BRAF, CTNNB1, DDR2, EGFR, ERBB2, 
ERBB4, FBXW7, FGFR1, FGFR2, FGFR3, 
KRAS, MAP2K1, MET, NOTCH1, NRAS, 
PIK3CA, PTEN, SMAD4, STK11, and 
TP53. A total of 1,850 mutations in 
these genes were covered in the target-
ed sequencing. Targeted sequencing 
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Statistical analysis

Statistical analysis was performed using SAS 
(ver. 9.1; SAS Institute, Cary, NC, USA). Fisher’s 
exact test was used to compare the mutation 
rates between male and female patients or 
between ADK and SCC samples. Female 
patients had a significantly higher mutation 
rate in the EGFR gene than male patients 
(60.0% and 30.3%, respectively; P = 0.03). A 
significantly higher number of EGFR mutations 
were detected in ADK samples compared to 
SCC samples (49.0% and 0.0%, respectively; P 
= 0.02). No significant difference in mutation 
rate of the other genes was observed between 
male and female patients or between ADK and 
SCC samples (all P > 0.05).

Results

Sequence coverage

For the sequencing data of 58 samples ana-
lyzed in the present study, the mean depth of 
coverage was 1,799 reads, ranging from 137 to 
2,000 reads.

Mutations detected among 58 NSCLC patients

NGS targeted sequencing revealed that 44 
(75.9%) of the 58 NSCLC patients carried muta-
tions in 7 of the 22 genes screened in the pres-

ent study (Figure 1). Among these patients, 24 
patients (41.4%) had one mutation and 20 
patients (34.5%) had two or more mutations, 
whereas 17 patients (29.3%) had mutations in 
two or more genes.

Distribution of the mutations in 58 NSCLC pa-
tients

Higher mutation frequencies were observed in 
the EGFR (43.1%), TP53 (37.9%), and KRAS 
(12.1%) genes, whereas lower frequencies were 
detected in the CTNNB1 (3.4%), NRAS (3.4%), 
SMAD4 (3.4%), and PIK3CA (1.7%) genes. No 
significant difference in mutation rate between 
males and females were observed (75.8% and 
76.0%, respectively; P = 0.62). The ADK sam-
ples showed a higher mutation rate compared 
to the SCC samples (78.4% and 57.1%, respec-
tively), although the difference was not signifi-
cant (P = 0.34). Female patients had a signifi-
cantly higher mutation rate in the EGFR gene 
than male patients (60.0% and 30.3%, respec-
tively; P = 0.03). A significantly higher number 
of EGFR mutations were detected in ADK sam-
ples compared to SCC samples (49.0% and 
0.0%, respectively; P = 0.02). No significant dif-
ference in mutation rate of the other genes was 
observed between male and female patients or 
between ADK and SCC samples (all P > 0.05; 
Table 2).

Figure 1. Mutations detected among 58 NSCLC patients. Distribution of the Mutations in 58 NSCLC patients.
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Discussion 

NGS targeted sequencing has become the pre-
ferred technique over the traditional mutation 
detection methods to simultaneously screen 
multiple mutations in various genes because it 
is relatively cheaper, faster, and requires less 
DNA [18]. In the present study, we investigated 
58 NSCLC patients using a NGS targeted 
sequencing panel that included 1,850 targeted 
sites in 22 cancer drug target genes. Our NGS 
analyses revealed that 75.9% of NSCLC 
patients carried mutations in 7 of 22 interested 
genes (Figure 1). These results, together with 
-previous studies [11, 16-19, 25], suggest that 
NGS targeted sequencing can effectively detect 
mutations in clinical samples of NSCLC, there-
by highlighting that NGS is a promising tool in 
NSCLC personalized medicine.

In the present study, the highest mutation fre-
quency in Chinese NSCLC patients was obser-
ved in the EGFR gene (43.1%), followed by the 
TP53 (37.9%) and KRAS (12.1%) genes (Table 
2). Our results were in agreement with previous 
studies [16-18, 26]. For instance, in an NGS 
analysis of 38 Belgian NSCLC patients [19], 
D’Haene and coworkers found that the most 
common mutations occurred in the KRAS 
(39.5%), TP53 (39.5%), and EGFR (10.5%) 
genes. In addition, Zhang et al. [26] screened 
184 Chinese NSCLC patients and determined 
that EGFR mutations were the most prevalent 
(59.9%), followed by the KRAS (16.9%) and 
TP53 (12.7%) genes. It appears that the muta-
tion frequencies in NSCLC patients vary among 
populations, particularly among different racial 
populations [16-18, 26]. Taken together, these 
findings indicated that the most common muta-

tions in NSCLC patients regardless of popula-
tion occur in the EGFR, TP53, and KRAS genes.

Female NSCLC patients showed significantly 
higher mutation rates in the EGFR gene than 
male patients (60% and 30%, respectively; P = 
0.03; Table 2). Our results were in agreement 
with the findings of Vigneswaran et al. involving 
American NSCLC patients with broad ethnic 
diversity [17], which showed that EGFR muta-
tions were more common in female patients 
than in male patients (59% vs. 41%). Moreover, 
Zhang et al. [26] also reported that Chinese 
female NSCLC patients had higher EGFR muta-
tion frequencies than male patients (57.3% vs. 
33.9%).

In the present study, a significantly higher num-
ber of EGFR mutations were observed in ADK 
samples compared to SCC samples (49% and 
0%, respectively; P = 0.02; Table 2). Our find-
ings are in line with those of Vigneswaran et al. 
[17], in which EGFR mutations were more com-
mon in ADK samples than in SCC samples (82% 
vs. 3%). Similarly, Zhang et al. also reported 
that EGFR mutations more commonly occur in 
ADK samples than in SCC samples (47.4% vs. 
29.2%) [26].

The limitation of the present study was that we 
validated the NGS results by ARMS-PCR only 
for the EGFR mutations but not for the muta-
tions in the six other genes, including CTNNB1, 
KRAS, NRAS, PIK3CA, SMAD4, and TP53. 
Although all the EGFR mutations identified by 
NGS targeted sequencing were validated by 
ARMS-PCR, further studies are required to rule 
out possible false-positives in the other genes 
screened in the present study.

Table 2. Distributions of the mutations detected among 58 NSCLC patients

Gene No. of patients
(n = 58) (%)

Gender Histology
Male (n = 33) (%) Female (n = 25) (%) ADK (n = 51) (%) SCC (n = 7) (%)

Any gene 44 (75.9) 25 (75.8) 19 (76.0) 40 (78.4) 4 (57.1)
EGFR 25 (43.1) 10 (30.3) 15 (60.0) 25 (49.0) 0 (0.0)
TP53 22 (37.9) 12 (36.4) 10 (40.0) 18 (35.3) 4 (57.1)
KRAS 7 (12.1) 6 (18.2) 1 (4.0) 7 (13.7) 0 (0.0)
CTNNB1 2 (3.4) 1 (3.0) 1 (4.0) 2 (3.9) 0 (0.0)
NRAS 2 (3.4) 1 (3.0) 1 (4.0) 2 (3.9) 0 (0.0)
SMAD4 2 (3.4) 1 (3.0) 1 (4.0) 2 (3.9) 0 (0.0)
PIK3CA 1 (1.7) 1 (3.0) 0 (0.0) 1 (2.0) 0 (0.0)
Abbreviations: NSCLC: Non-small cell lung cancer; M: Male; F: Female; ADK: Adenocarcinoma; SCC: Squamous cell carcinoma.
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In summary, we investigated 58 NSCLC patients 
using a NGS targeted sequencing panel that 
included 1,850 targeted sites in 22 cancer 
drug target genes. NGS targeted sequencing 
revealed that 75.9% of NSCLC patients carried 
mutations in 7 of these genes. Higher mutation 
frequencies were observed in the EGFR (43.1%), 
TP53 (37.9%), and KRAS (12.1%) genes, where-
as lower frequencies were detected in the 
CTNNB1 (3.4%), NRAS (3.4%), SMAD4 (3.4%), 
and PIK3CA (1.7%) genes. Female patients 
showed a significantly higher mutation rate in 
the EGFR gene than male patients. The ADK 
samples showed a significantly higher number 
of EGFR mutations compared to SCC samples. 
These results suggest that NGS targeted 
sequencing can effectively detect mutations in 
clinical tumor samples, thereby highlighting 
NGS as a promising tool in personalized 
medicine.
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Supplementary Table 1. 29 EGFR mutations screened by ARMS-PCR

Exon Cosmic ID Mutation Nucleotide change Target 
sequence

Sequence following 
target sequence

18 6252 G719S 2155G>A CAAAGTGCTG AGC
6253 G719C 2155G>T TGC
6239 G719A 2156G>C GCC

19 6223 E746-A750del (1) 2235-2249 del 15 TATCAA AACATCTC
13551 E746-T751>I 2235-2252>AAT (complex) AATATCTC
6225 E746-A750del (2) 2236-2250 del 15 GACATCTC

12728 E746-T751del 2236-2253 del 18 GTCTCCGA
12384 E746-S752>V 2237-2250>T (complex) GGTACATC
12678 E746-T751>A 2237-2251 del 15 GGCATCTC
12367 E746-S752>A 2237-2254 del 18 GGCTCCGA
12422 L747-A750>P 2238-2248>GC (complex) GGAGCCAACAT
12419 L747-T751>Q 2238-2252>GCA (complex) GGAGCAATCTC
6220 E746-S752>D 2238-2255 del 18 GGATCCGAAAG
6218 L747-E749del 2239-2247 del 9 GGAAGCAACAT

12382 L747-A750>P 2239-2248 TTAAGAGAAG>C (complex) GGAACCAACAT
12383 L747-T751>P 2239-2251>C (complex) GGAACCATCTC
6254 L747-T751del 2239-2253 del 15 GGAATCTCCGA
6255 L747-S752del 2239-2256 del 18 GGAACCGAAAG

12387 L747-P753>Q 2239-2258>CA (complex) GGAACAGAAAG
6210 L747-T751>S 2240-2251 del 12 GGAATCATCTC

12369 L747-T751del 2240-2254 del 15 GGAATCTCCGA
12370 L747-P753>S 2240-2257 del 18 GGAATCGAAAG

20 6241 S768I 2303 G>T GTGATGGCCA T
12376 V769-D770insASV 2307-2308 ins (GCCAGCGTG) GCGTGGCCAGCGTGGAC
12378 D770-N771insG 2310-2311 ins GGT GCGTGGACGGTAAC
12377 H773-V774insH 2319-2320 ins CAC GCGTGGACAACCCCCACCACG
6240 T790M 2369 C>T CTCATCA T

21 6224 L858R 2573 T>G GATTTTGGGC G
6213 L861Q 2582 T>A TGGCCAAACA
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Supplementary Table 2. Mutations detected among 58 patients with NSCLC

Gene Exon Mutation Patient Gender Age Histology EGFR 
(ARMS-PCR)

EGFR 19 p.Glu746_Ala750del 3 F 5 ADK +
6

EGFR 19 p.Glu746_Ala750del 4 F 5 ADK +
5

EGFR 19 p.Glu746_Ala750del 6 M 6 ADK NA
1

EGFR 19 p.Glu746_Ala750del 16 M 8 ADK NA
8

EGFR 19 p.Glu746_Ala750del 28 F 4 ADK +
6

EGFR 19 p.Glu746_Ala750del 39 F 4 ADK +
5

EGFR 19 p.Glu746_Ala750del 40 F 7 ADK NA
4

EGFR 19 p.Glu746_Ala750del 45 M 6 ADK NA
6

EGFR 19 p.Glu746_Ala750del 46 F 5 ADK +
2

EGFR 19 p.Glu746_Ala750del 59 F 6 ADK +
0

EGFR 19 p.Glu746_Glu749del 3 F 5 ADK +
6

EGFR 19 p.Glu746_Glu749del 4 F 5 ADK +
5

EGFR 19 p.Glu746_Glu749del 6 M 6 ADK NA
1

EGFR 19 p.Glu746_Glu749del 39 F 4 ADK +
5

EGFR 19 p.Glu746_Glu749del 40 F 7 ADK NA
4

EGFR 19 p.Glu746_Glu749del 45 M 6 ADK NA
6

EGFR 19 p.Glu746_Glu749del 46 F 5 ADK +
2

EGFR 19 p.Glu746_Glu749del 59 F 6 ADK +
0

EGFR 19 p.Leu747_Pro753delinsSer 11 F 7 ADK NA
7

EGFR 19 p.Leu747_Pro753delinsSer 12 M 5 ADK NA
6

EGFR 19 p.Leu747_Thr751del 44 M 6 ADK NA
1

EGFR 19 p.Ser752Pro 11 F 7 ADK NA
7

EGFR 20 p.Asn771_Pro772insProHis 41 F 6 ADK NA
0
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EGFR 20 p.Pro772_His773insHisVal 14 F 6 ADK NA
3

EGFR 20 p.Pro772_His773insHisVal 18 F 5 ADK NA
8

EGFR 20 p.Ser784Pro 9 M 6 ADK NA
1

EGFR 21 p.Leu858Arg 12 M 5 ADK +
6

EGFR 21 p.Leu858Arg 13 M 6 ADK +
4

EGFR 21 p.Leu858Arg 26 F 6 ADK +
8

EGFR 21 p.Leu858Arg 30 M 5 ADK +
0

EGFR 21 p.Leu858Arg 32 F 6 ADK +
5

EGFR 21 p.Leu858Arg 40 F 7 ADK +
4

EGFR 21 p.Leu858Arg 47 F 6 ADK +
4

EGFR 21 p.Leu858Arg 48 M 6 ADK +
7

EGFR 21 p.Leu858Arg 51 F 5 ADK +
2

EGFR 21 p.Leu858Arg 55 M 6 ADK +
6

Abbreviations: NSCLC: Non-small cell lung cancer; M: Male; F: Female; ADK: Adenocarcinoma; SCC: 
Squamous cell carcinoma; NA: Not available. + refers to EGFR mutations detected by ARMS-PCR. - indi-
cates no EGFR mutations detected by ARMS-PCR.


