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Background: Analysis of mutations in the epidermal growth factor receptor gene (EGFR) is impor-
tant for predicting response to EGFR tyrosine kinase inhibitors. The overall rate of EGFR muta-
tions in Korean patients is variable. To obtain comprehensive data on the status of EGFR muta-
tions in Korean patients with lung cancer, the Cardiopulmonary Pathology Study Group of the 
Korean Society of Pathologists initiated a nationwide survey. Methods: We obtained 1,753 reports 
on EGFR mutations in patients with lung cancer from 15 hospitals between January and Decem-
ber 2009. We compared EGFR mutations with patient age, sex, history of smoking, histologic di-
agnosis, specimen type, procurement site, tumor cell dissection, and laboratory status. Results: 
The overall EGFR mutation rate was 34.3% in patients with non-small cell lung cancer (NSCLC) 
and 43.3% in patients with adenocarcinoma. EGFR mutation rate was significantly higher in 
women, never smokers, patients with adenocarcinoma, and patients who had undergone exci-
sional biopsy. EGFR mutation rates did not differ with respect to patient age or procurement site 
among patients with NSCLC. Conclusions: EGFR mutation rates and statuses were similar to 
those in published data from other East Asian countries.
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Lung cancer is the leading cause of cancer-related death in 
Korea, accounting for approximately 20% of all cancer deaths.1 
Non-small cell lung cancer (NSCLC) accounts for more than 
85% of all lung cancers, and the majority of patients with 
NSCLC present at an advanced cancer stage (stage III or IV).2 
In the last decade, several studies have been performed on the 
molecular stratification of NSCLC in order to provide targeted 
treatment based on activating or driver mutations in these tu-
mors. Activating mutations in the epidermal growth factor re-
ceptor gene (EGFR) can be used as therapeutic targets for treat-
ment of NSCLC. In the Iressa Pan-Asia Study, tumors with 
EGFR mutations showed a 71.2% clinical response to first-line 
treatment with gefitinib, while tumors with wild-type EGFR 
showed only a 1.1% response.3 Since then, several randomized 
control studies have shown an association between activating 
EGFR mutation and response to EGFR tyrosine kinase inhibi-
tors (TKIs).4-9 Patient selection is important for using EGFR 
TKIs as the first-line treatment. At present, analysis of EGFR 
mutations is the accepted method for identifying patient re-
sponse to EGFR TKIs. Direct DNA sequencing is a standard 
method for identifying mutations and is commonly used in the 
Asia-Pacific region.10 Any routinely available pathological spec-
imen can be used for analyzing EGFR mutations, including 
formalin-fixed, paraffin-embedded tissues from surgical resec-
tions; small tissue biopsies; or cell block preparations.

Several publications have reported the prevalence of EGFR 
mutations in patients with NSCLC.10-14 The rates of EGFR mu-
tations are higher in Asian countries than in Western countries. 
Further, rates of EGFR mutations in Korean patients range 
from 17.4% to 51.3%.10,15-22 Therefore, we performed a nation-
wide study of EGFR mutations in Korean patients with NSCLC 
in order to provide reliable information on the incidence and 
characteristics of EGFR mutations. This study was led by the 
Korean Cardiopulmonary Pathology Study Group.

 
MATERIALS AND METHODS

In all, 1,826 reports of EGFR mutation in patients with lung 
cancer were collected from 15 hospitals between January and 
December 2009 (Fig. 1). Of these, 24 reports of patients with 
small cell carcinoma and 49 reports of patients with malignan-
cies from other than lung primary tumors were excluded from 
the study. Finally, 1,544 reports of primary tumor and 209 re-
ports of metastatic tumor were included in the study. EGFR 
mutation status was compared with patient age, sex, history of 
smoking, histologic diagnosis, specimen type, procurement site, 

tumor cell dissection, and laboratory status. Smoker status was 
defined as having a greater than 10 pack-year history and cur-
rently smoking cigarettes every day or most days. An ex-smoker 
was someone who had smoked more than 100 cigarettes in 
their lifetime and who does not currently smoke. A light smoker 
was defined as a current smoker with a less than 10 pack-year his-
tory. A never-smoker was an adult who had never smoked a ciga-
rette or who smoked fewer than 100 cigarettes in their lifetime.

Tumor specimens were divided into three types, namely, biop-
sy, cytology, and excision specimens. Biopsy specimens included 
small biopsy specimens obtained by performing bronchoscopic 
biopsy, transbronchial lung biopsy, percutaneous needle biopsy, 
pleural biopsy, or needle biopsy of metastatic sites. Cytology in-
cluded cytologic specimens such as sputum, bronchial washing/
brushing, pleural fluids, and aspiration biopsy cytology of prima-
ry or metastatic sites. Excision specimens included specimens 
obtained by performing excisional surgical biopsy such as seg-
mentectomy, lobectomy, pneumonectomy, and metastasectomy. 
Procurement sites were divided into two types, namely, metas-
tasis and primary sites. Tumor dissection indicated whether or 
not to perform microdissection of tumor cells. Laboratory status 
was classified into two types: in-house mutation testing, indi-
cating that EGFR mutation analysis was performed in the hos-
pital’s laboratory facility, and out-sourced mutation testing, in-
dicating that EGFR mutation analysis was not performed in 
the hospital’s laboratory facility. All participants in the study 
were active members of the Korean Cardiopulmonary Patholo-
gy Study Group. This study was approved by the Institutional 
Review Board of Konkuk University Medical Center (No. 
KUH 1210011).
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Fig. 1. Geographical distribution of the 15 hospitals in Korea.
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Statistical analysis

All statistical analyses were performed using SPSS ver. 18.0 
(SPSS Inc., Chicago, IL, USA). Chi-square test and Fisher exact 
test were used to determine the correlations between EGFR mu-
tation status and clinicopathological parameters. A p-value of < 

.05 was considered statistically significant.
 

RESULTS

Patient characteristics

The average age of 1,753 patients with NSCLC was 62.74 ± 

11.31 years (range, 16 to 89 years); of these, 875 patients (49.9%) 
were aged ≥ 65 years. Of the 1,753 patients, 1,000 (57%) were 
men and 753 (43%) were women. Of the 1,753 patients, 555 
(31.7%) were smokers, 39 (2.2%) were light smokers, 170 (9.7%) 
were ex-smokers, 849 (48.4%) were never-smokers, and 140 
(8.0%) patients had an unknown smoking history. Of the speci-
mens used for EGFR mutation testing, 114 (6.5%) were cytolo-
gy specimens, 1,066 (60.8%) were biopsy specimens, and 573 
(32.7%) were excision specimens (Fig. 2). With respect to pro-
curement sites, specimens from 1,544 patients (88.1%) were 
procured from primary tumor sites, while those from 209 pa-
tients (11.9%) were procured from metastatic sites. In all, 1,012 
patients (57.7%) underwent tumor microdissection, while the 
remaining 741 patients (42.3%) did not. The histological types 
of the tumor specimens were as follows: adenocarcinoma in 
1,292 (73.7%), squamous cell carcinoma in 347 (19.8%), 
NSCLC type undetermined in 69 (3.9%), pleomorphic carcino-
ma in 13 (0.7%), large cell neuroendocrine cell carcinoma in 12 
(0.7%), large cell carcinoma in nine (0.5%), sarcomatoid carcino-
ma in five (0.3%), carcinoid tumor in two (0.1%), mucoepider-
moid carcinoma in two (0.1%), carcinosarcoma in one (0.05%), 
and lymphoepithelioma-like carcinoma in one (0.05%). Among 
the 1,753 EGFR tests, 1,299 (7 institutions, 74.1%) were per-
formed within the same pathology laboratory, and 454 (8 insti-

tutions, 25.9%) were performed in outside laboratories. EGFR 
mutations in specimens obtained from 14 hospitals were iden-
tified by direct sequencing, while those in specimens obtained 
from the remaining hospital were identified by pyrosequencing. 
Characteristics of patients included in the study are summarized 
in Table 1.

 
Frequency of EGFR mutations

In all, 601 cases of EGFR mutation (34.3%) were detected in 
NSCLC. Of these 601 patients, 560 (43.3%) had adenocarcino-
ma, 30 (8.6%) had squamous cell carcinoma, eight (11.6%) had 
NSCLC type undetermined, two (15.4%) had pleomorphic car-
cinoma, and one (8.3%) had large cell neuroendocrine carcino-

Fig. 2. Specimen types used for EGFR mutation testing. EGFR, 
epidermal growth factor receptor.
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Table 1. Characteristics of patients

Characteristic No. (%)

Age, mean (range, yr) 62.7 (16–89)
< 65 878 (50.1)
≥ 65 875 (49.9)

Sex
Female 753 (43)
Male 1,000 (57)

Smoking history
Smoker 555 (31.7)
Light smoker 39 (2.2)
Ex-smoker 170 (9.7)
Never smoker 849 (48.4)
Unknown 140 (8.0)

Specimen type
Cytology 114 (6.5)
Biopsy 1,066 (60.8)
Excision 573 (32.7)

Procurement site
Primary 1,544 (88.1)
Metastasis 209 (11.9)
Tumor dissection
No 741 (42.3)
Yes 1,012 (57.7)

Histologic type
Adenocarcinoma 1,292 (73.7)
Squamous cell carcinoma 347 (19.8)
Non-small cell carcinoma 69 (3.9)
Pleomorphic carcinoma 13 (0.7)
Large cell neuroendocrine carcinoma 12 (0.7)
Large cell carcinoma 9 (0.5)
Sarcomatoid carcinoma 5 (0.3)
Carcinoid tumor 2 (0.1)
Mucoepidermoid carcinoma 2 (0.1)
Carcinosarcoma 1 (0.05)
Lymphoepithelioma-like carcinoma 1 (0.05)

Laboratory status
Out-sourcing 454 (25.9)
In-house 1,299 (74.1)
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ma. In all, 389 never-smokers with adenocarcinoma (52.4%) 
had EGFR mutations. Of the 601 patients with NSCLC who 
had EGFR mutations, 30 (5%), 313 (52.1%), 31 (5.2%), and 
205 (34.1%) had mutations in exons 18, 19, 20, and 21, respec-
tively; in addition, 22 patients (3.7%) had double mutations 
(Fig. 3). Further, 13 patients (2.2%) had T790M mutation; of 
these, four patients had only the T790M mutation.

Interestingly, specimens obtained from two in-house laborato-
ries showed low EGFR mutation rates of 16.7% (2/12 speci-
mens) and 9.3% (4/43 specimens) in patients with NSCLC, re-
spectively, and 28.6% (2/7 specimens) and 11.5% (3/26 
specimens) in patients with adenocarcinoma and never-smokers 
(Fig. 4). In brief, one laboratory that detected a 16.7% mutation 
rate in patients with NSCLC analyzed tumor specimens from 
12 patients. Of these 12 patients, 10 had adenocarcinoma, one 
had large cell carcinoma, and one had NSCLC. Of the 10 patients 
with adenocarcinoma, seven, two, and one were never-smokers, 

ex-smokers, and smoker, respectively. All the specimens were 
obtained by surgical excision and were analyzed by tumor mi-
crodissection. The laboratory that detected a 9.3% mutation 
rate in patients with NSCLC analyzed tumor specimens from 
43 patients. Of these 43 patients, 41 had adenocarcinoma, one 
had NSCLC, and one had squamous cell carcinoma. Of the 41 
patients with adenocarcinoma, 25, 6, and 10 were never-smok-
ers, ex-smokers, and smokers, respectively. Of the 43 specimens 
analyzed in this laboratory, six were surgical excision specimens, 
29 were biopsy specimens, and eight were cytology specimens. 
All 43 specimens were analyzed without tumor microdissec-
tion. A total of four EGFR mutations were found, and all of 
them were adenocarcinoma. They included three never-smokers 
and one ex-smoker. Moreover, of the four mutations, two were 
detected in excision specimens and two were detected in biopsy 
specimens.

A total of 125 EGFR mutations were detected in a total of 430 
male patients with adenocarcinoma who had a smoking history.

 
Differences in EGFR mutation status

Differences in EGFR mutation status according to clinico-
pathological variables are summarized in Table 2. Among pa-
tients with NSCLC, female (p < .001), age < 65 years (p = .007), 
light or no smoking (p < .001), excision specimen (p = .002), and 
in-house EGFR mutation testing (p < .001) were correlated with 
significantly higher EGFR mutation rate. Among patients with 
adenocarcinoma, female (p < .001), light or no smoking (p < .001), 
excision specimen (p < .001), tumor microdissection (p = .001), 
and in-house EGFR mutation testing (p = .046) were correlated 
with significantly higher EGFR mutation rate. According to 
specimen status, the EGFR mutation rate was 48.1%, 47.2%, 
and 63.4% in cytology, biopsy, and excision specimen, respec-
tively, from a total of 742 patients with adenocarcinoma and 
never-smoker status. According to laboratory status, the EGFR 
mutation rate in patients with NSCLC (38.2% vs 23.1%, p < 

.001) and adenocarcinoma (44.7% vs 37.6%, p = .046) was sig-
nificantly higher in in-house tested specimens. Among patients 
with squamous cell carcinoma, female (p = .001) and light to no 
smoking (p = .017) were correlated with significantly higher 
EGFR mutation rate.

DISCUSSION

The present study identified the frequencies of EGFR muta-
tions in Korean patients with NSCLC. The EGFR mutation rate 
was 34.3% and 43.3% among patients with NSCLC and adeno-

Fig. 3. Frequency of mutations according to exons: 601 mutations 
in 1,753 specimens from patients with non-small cell lung cancer.
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carcinoma, respectively, and 52.4% among never-smokers with 
adenocarcinoma. The frequencies were in the range of those pre-
viously reported in Korean studies, with 17.4%–40.8% in NS-
CLC, 21.5%–54.4% in adenocarcinoma, and 47%–64.9% in 
adenocarcinoma with never-smokers.10,15-21 The results of the 
present study were also in the range of those from other Asian 
countries (30%–61.1% in NSCLC and 44.1%–67.4% in ade-
nocarcinoma) and showed a high mutation rate compared with 
those reported in Western countries (4.5%–13.3% in NSCLC 
and 16% in adenocarcinoma).3,11,12,23 Recently, a large retrospec-
tive database study was performed on EGFR mutation testing 
practices in the Asia-Pacific region.10 EGFR mutation rates 
among patients with NSCLC reported in the present study were 
very similar to those reported by Yatabe et al.10 (39.6% and 
35.8% EGFR mutation rate among newly diagnosed patients 
with NSCLC) in the Asia-Pacific region and Korea, respectively, 
in 2011. The overall distribution pattern of EGFR mutations 
(i.e., high mutation rates in female patients, never-smokers, and 
patients with adenocarcinoma) was similar to that reported in 
previous studies.

The most frequent mutation was an exon 19 deletion, and the 
most frequent drug resistance-associated mutation was T790M. 
Chan et al.24 identified EGFR mutation hot spots in exons 19 
(48%) and 21 (41%) in 3,023 specimens. The highest incidence 
of mutations in EGFR was observed for L858R, del(E746-
A750), and del(E749-T751), in that order. Shi et al.25 reported 
43% and 42.6% mutation rates in exons 19 and 21, respective-
ly, among 1,450 specimens, with the most common drug resis-
tance-associated mutation being S768I. The present study re-
ported 52.1% and 34.1% mutation rates in exons 19 and 21, 
respectively. However, the sum of mutation rates in exons 19 
and 21 was 86.2%, which was similar to that reported in stud-
ies performed in other countries.

Two laboratories in the present study detected low EGFR 
mutation rates. Commonalities between these two institutions 
included a period less than 1 year after starting the EGFR mu-
tation analysis and use of the direct sequencing method. Well-
equipped laboratories and technicians skilled at performing 
EGFR mutation analysis, active engagement of pathologists in 
molecular testing, and quality assurance were important for ob-

Table 2. EGFR mutation status according to the clinicopathological variables

Variable
NSCLC Adenocarcinoma SqCC

Negative Positive p-value Negative Positive p-value Negative Positive p-value

Sex < .001 < .001 .001
Female 374 (49.7) 379 (50.3) 314 (46.5) 361 (53.5) 31 (75.6) 10 (24.4)
Male 778 (77.8) 222 (22.2) 418 (67.7) 199 (32.3) 286 (93.5) 20 (6.5)

Age (yr) .007 .911 .565
< 65 551 (62.7) 328 (37.3) 399 (56.5) 307 (43.5) 100 (90.1) 11 (9.9)
> 65 601 (68.8) 273 (31.2) 333 (56.8) 253 (43.2) 217 (91.9) 19 (8.1)

Smoking < .001 < .001 .017
Ex-smoker 143 (84.1) 27 (15.9) 88 (77.2) 26 (22.8) 48 (98) 1 (2)
Light smoker 22 (56.4) 17 (43.6) 17 (53.1) 15 (46.9) 2 (66.7) 1 (33.3)
Never smoker 442 (52.1) 407 (47.9) 353 (47.6) 389 (52.4) 58 (82.9) 12 (17.1)
Smoker 446 (80.4) 109 (19.6) 227 (70.7) 94 (29.3) 168 (92.8) 13 (7.2)
Unknown 99 (70.7) 41 (29.3) 47 (56.6) 36 (43.4) 41 (93.2) 3 (6.8)

Specimen type .002 < .001 .535
Biopsy 728 (68.3) 338 (31.7) 453 (59.8) 305 (40.2) 215 (90.7) 22 (9.3)
Cytology 80 (70.2) 34 (29.8) 70 (67.3) 34 (32.6)
Excision 344 (60) 229 (40) 209 (48.6) 221 (51.4) 102 (92.7) 8 (7.3)

Procurement site .797 .586 .38
Metastasis 139 (66.5) 70 (33.5) 95 (58.6) 67 (41.4) 17 (100) 0 (0)
Primary 1,013 (65.6) 531 (34.4) 637 (56.4) 493 (43.6) 300 (90.9) 30 (9.1)

Tumor dissection .362 .001 .105
No 478 (64.5) 263 (35.5) 401 (61.3) 253 (38.7) 45 (84.9) 8 (15.1)
Yes 674 (66.6) 338 (33.4) 331 (51.9) 307 (48.1) 272 (92.5) 22 (7.5)

Laboratory status < .001 .046 .238
In-house 803 (61.8) 496 (38.2) 581 (55.3) 469 (44.7) 144 (89.4) 17 (10.6)
Out-sourcing 349 (76.9) 105 (23.1) 151 (62.4) 91 (37.6) 173 (93) 13 (7)

Values are presented as number (%).
EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; SqCC, squamous cell carcinoma. 
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taining accurate results.
A high incidence of EGFR mutations (29.7%) has been re-

ported in Korean male smokers with adenocarcinoma.20 In the 
present study, EGFR mutation rate was 29.1% in male patients 
with adenocarcinoma who had a smoking history (125 out 430 
patients). This result supports the recommendation of a previous 
study that EGFR mutation tests should be performed in all pa-
tients with adenocarcinoma regardless of sex or smoking history.20

Because minimally invasive diagnostic procedures are often 
used in the diagnostic workup of lung cancer, small tissue spec-
imens and, more importantly, cytology specimens might be the 
only specimens available for EGFR mutation analysis. In the 
present study, a total of 73.3% of specimens were cytology or 
biopsy samples. However, these specimens showed a significantly 
low mutation rate compared to excision specimens in patients 
with NSCLC even in patients with adenocarcinoma and never-
smokers. Although our results showed significantly higher mu-
tation rates in surgically resected specimens, many studies have 
reported that small biopsy and cytology specimens are more 
suitable for performing mutation testing.26-29

A quick and accurate test for detecting EGFR mutations is 
very important for proper selection of patients for EGFR TKI 
therapy. This highlights the need for standard guidelines specific 
to medical conditions in Korea for EGFR mutation testing. 
Many methods are available for detecting EGFR mutations, 
and these methods have different advantages and disadvantages. 
However, there is no consensus on the best method for detecting 
EGFR mutations.30 In Korea, most pathology laboratories use 
direct DNA sequencing, pyrosequencing, or the peptide nucle-
ic acid (PNA) clamp method for detecting EGFR mutations in 
formalin-fixed, paraffin-embedded tissue specimens. In the 
present study, specimens obtained from 14 hospitals were ana-
lyzed using direct DNA sequencing, a classic method for de-
tecting mutations. However, this technique is associated with 
low sensitivity and requires > 25% mutant DNA for analysis.31 
Pyrosequencing is a more sensitive method that needs more 
than 1% to 20% mutant DNA for analysis.32,33 PNA clamping 
is a simple, rapid, and sensitive method that can detect muta-
tions in as few as 1% mutant alleles in a mixture of mutant and 
wild-type DNA.34 These three methods show a good concor-
dance of 82%–87.5%.35,36 We recommend that the use of the 
available methods for EGFR mutation analysis in each institu-
tion and laboratory should be under strict quality control. The 
quality and quantity of DNA are important for avoiding false-
negative results.29 In the present study, tumor microdissection 
specimens from patients with adenocarcinoma showed higher 

mutation rates than non-dissection specimens. We recommend 
that pathologists verify the adequacy of specimens and reana-
lyze EGFR mutations to prevent false-negative results.

According to laboratory status, the EGFR mutation rate in pa-
tients with NSCLC (38.2% vs 23.1%, p < .001) and adenocarci-
noma (44.7% vs 37.6%, p = .046) was significantly higher in the 
in-house test in the present study. However, the proportion of 
never-smoker patients with adenocarcinoma was 48.3% (628 out 
1,299 patients) in the in-house test and 25.1% (114 out 454 
patients) in the out-sourced test. Moreover, EGFR mutation rate 
in never-smokers with adenocarcinoma was 52.7% based on in-
house mutation testing and 50.9% based on out-sourced muta-
tion testing. These results indicate significant differences be-
tween in-house and out-sourced mutation testing, which might 
be because of a bias in patient selection.

In the future, we will aim to develop recommendations for 
more standardized application and interpretation of results of 
EGFR mutation tests in patients with NSCLC. These recom-
mendations will discuss patients, turnaround time, specimen 
type, minimum specimen size, specimen collection and storage, 
tumor cell content, methodology such as DNA extraction, and 
reporting form. In addition, we aim to design a QA program 
for use during EGFR mutation analysis.

The present study had limitations. Pathological diagnosis of 
patients included in the study was not confirmed. In addition, 
immunohistochemical staining to classify the histologic type of 
NSCLC was not performed for all patient samples. Further, our 
data were collected from hospitals where diagnosis was performed 
by pulmonary pathologists. Therefore, our results might repre-
sent the current status of NSCLC subtypes in Korea.

In conclusion, EGFR mutation rate showed significant dif-
ferences with respect to sex, smoking history, histologic diagno-
sis, specimen type, tumor cell dissection, and institution. How-
ever, it did not show differences with respect to age, procurement 
site, or laboratory status. The relative frequency of EGFR muta-
tions in Korea was not similar to those reported in other Asian 
countries.
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