
AreThereAny EthnicDifferences inMolecular Predictors of Erlotinib
Efficacy in Advanced Non-Small Cell Lung Cancer?
Myung-Ju Ahn,1Byeong-Bae Park,3 Jin Seok Ahn,1SangWe Kim,5 Heung-Tae Kim,9 Jong Seog Lee,10

Jin Hyung Kang,6 JaeYong Cho,7 Hong Suk Song,11Se Hoon Park,12 Chang Hak Sohn,13

SangWon Shin,8 Jin Hyuck Choi,14 Chang-Seok Ki,2 Chan Keum Park,4

AlisonJ. Holmes,15 Pasi A. Ja« nne,15 and Keunchil Park1

Abstract Purpose: This study investigated possible molecular predictors of outcome in Korean patients
with advanced non-small cell lung cancer treated with erlotinib.
Experimental Design: One hundred and twenty patients received erlotinib and were followed
prospectively. Ninety-two tissue samples were analyzed for epidermal growth factor receptor
(EGFR) gene mutations (exons 18, 19, and 21), 88 for EGFR gene amplification by real-time
PCR, and 75 for EGFR protein expression by immunohistochemistry.
Results:The overall tumor response ratewas 24.2% (complete response, 4; partial response, 25)
with 56.7% of disease control rate.With a median follow-up of 23.6 months, the median time to
progression (TTP) was 2.7 months and the median overall survival was12.9 months. EGFR gene
mutations were found in 26.1% (24 of 92), EGFR gene amplification in 40.9% (36 of 88), and
EGFR protein expression in 72% (54 of 75).There was a strong association between EGFR gene
mutations and gene amplification (c = 0.241). Patients with EGFR genemutations or gene ampli-
fication showed both better response rate (58.3% versus 16.2%, P < 0.001; 41.7% versus 17.3%,
P = 0.012) and TTP (8.6 versus 2.5 months, P = 0.003; 5.8 versus 1.8 months, P < 0.001) and
overall survival (not reached versus 10.8 months, P = 0.023; not reached versus 10.1months,
P = 0.033). By multivariate analysis, EGFR gene mutation was the only significant molecular
predictor for TTP (hazard ratio, 0.47; 95% confidence interval, 0.25-0.89).
Conclusions:Our findings indicate that EGFR gene mutation is a more predictive marker for im-
provedTTP than EGFR gene amplification in erlotinib-treated Korean non-small cell lung cancer
patients. Prospective studies from diverse ethnic backgrounds are required to determine the exact
role of these molecular markers.

Lung cancer is the leading cause of cancer deaths in Korea,
accounting for 20% of all cancer deaths (1). Progress in
understanding the biology and molecular mechanism of cancer
has allowed the development of several potential molecular
targets for the treatment of non-small cell lung cancer (NSCLC).
Erlotinib (Tarceva) is a small-molecule tyrosine kinase

inhibitor that inhibits the protein kinase activity of epidermal
growth factor receptor (EGFR). A phase II trial of erlotinib
monotherapy in previously treated NSCLC patients showed a

12.3% response rate and the agent was well tolerated (2).
Recently, BR.21 showed a survival benefit of erlotinib
compared with placebo (3).
Extensive studies have revealed a positive association

between somatic mutations in the EGFR tyrosine kinase
domain (exons 18-21) and clinical response to erlotinib or
gefitinib treatment (4–6) with various rates and duration of the
clinical response in different studies (7–10). Increased EGFR
gene copy number has also been reported to be significantly
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associated with the EGFR gene mutations and the patients’
response to EGFR tyrosine kinase inhibitors (7, 11–13). Tsao
et al. have recently shown that EGFR gene mutation analysis is
not necessary for NSCLC patients receiving erlotinib, because
mutational status had no significant association with their
responsiveness or survival (13). Considerable data supporting
an association between EGFR gene mutations and treatment
response have been collected for gefitinib, an alternative EGFR
tyrosine kinase inhibitor used in Caucasian and Asian
populations, and Asian ethnicity is a well-known predictive
factor of gefitinib efficacy (7–10, 14).
Because the BR.21 has proven a survival benefit of erlotinib

compared with placebo in the salvage treatment of NSCLC
patients, it is no longer justified to perform clinical study with
no treatment control arm. Therefore, in this prospective single-
arm study, the Korean Cancer Study Group analyzed the
mutations in the EGFR gene, its amplification, and EGFR
protein expression to investigate the possible molecular
predictors of erlotinib efficacy in Korean NSCLC patients.

Patients andMethods

Clinical data. In total, 120 patients from 12 institutions in Korea
were treated with erlotinib between January 2005 and February 2006
through the Expanded Access Program. Patients with histologically or
cytologically confirmed stage IIIB or IV NSCLC, including recurrent or
metastatic disease, with a performance status from 0 to 3, were eligible if
they had received any anticancer treatment, except EGFR inhibitors, or if
they were unsuitable for chemotherapy. Enrolled patients were treated
with oral erlotinib at a dose of 150 mg/d until disease progression, the

development of intolerable toxicity, or patient’s refusal. Patients were
evaluated 4 weeks after the first treatment and then every 8 weeks by
chest X-ray and computed tomography, and the tumor response was
evaluated by Response Evaluation Criteria in Solid Tumors. The
protocols were reviewed and approved by the institutional review board
of each participating institution and the Korean Cancer Study Group.

EGFR gene mutation analysis. Paraffin-embedded tumor blocks or
at least 10 unstained slides were collected for the molecular analysis of
EGFR. The tumor tissue was reviewed by a pathologist from each
institution to identify the tumor cell region with cellularity of more
than 50%. All slides were coded and EGFR analyses were evaluated
without knowledge of the patients’ identity or clinical status. The
mutational analyses of EGFR (exons 18-21) and KRAS (codons 12, 13,
and 61) were done as described previously (5).

Surveyor analysis of EGFR gene mutations. Forty-seven (51%) of the
tumor specimens were independently analyzed in a blinded fashion for
the presence of an EGFR gene mutation using a previously established
heteroduplex analysis (15). Briefly, DNA from EGFR exons 18 to 21 was
amplified using exon-specific primers and the resulting PCR products
were digested with the Surveyor endonuclease. The resulting products
were analyzed using the WAVE HS system (Transgenomic) as described
previously (15). Specimens that produced digestion products were
further fractionated and sequenced using the same PCR primers.

EGFR gene amplification investigated by real-time PCR. To analyze
EGFR gene amplification, quantitative real-time TaqMan duplex PCR
was done using an ABI PRISM 7000 Sequence Detection System
(Applied Biosystems) as reported previously (10). EGFR copy numbers
were defined as decreased (<1.5 copies per cell), normal (1.5-3.0 copies
per cell), moderately increased (3.0-6.0 copies per cell), and highly
increased (>6.0 copies per cell).

EGFR protein expression investigated by immunohistochemistry.

EGFR protein expression was assessed by immunohistochemistry using
mouse monoclonal anti-EGFR antibody (NCL-EGFR-384; Novocastra

Table 1. Characteristics of the patients

All patients
(N = 120), n (%)

EGFR mutation
(n = 92), n (%)

EGFR amplification
(n = 88), n (%)

EGFR expression
(n = 75), n (%)

Age (median, 61 y)
<60 53 (44.2) 44 (47.8) 43 (48.9) 37 (49.3)
z60 67 (55.8) 48 (52.2) 45 (51.1) 38 (50.7)

Sex
Male 76 (63.3) 57 (61.9) 54 (61.4) 47 (62.7)
Female 44 (36.7) 35 (38.1) 34 (38.6) 28 (37.3)

Stage
IIIB 15 (12.5) 8 (8.7) 7 (8.0) 7 (9.3)
IV 105 (87.5) 84 (91.3) 81 (92.0) 68 (90.7)

Histology
Adenocarcinoma 74 (61.7) 57 (62.0) 56 (63.6) 47 (62.7)
Others 46 (38.3) 35 (38.0) 32 (36.4) 28 (37.3)
Squamous cell 31 (25.8) 24 (26.1) 21 (23.9) 18 (24.0)
Large cell 7 (5.8) 5 (5.4) 5 (5.7) 5 (6.7)
Non-small cell 8 (6.7) 6 (6.5) 6 (6.8) 5 (6.7)

ECOG performance status
0-1 106 (88.3) 84 (91.3) 80 (90.9) 67 (89.3)
2-3 14 (11.7) 8 (8.7) 8 (9.1) 8 (10.7)

Smoking
Never smoker 47 (39.2) 38 (41.3) 37 (42.0) 44 (58.7)
Smoker 73 (60.8) 54 (58.7) 51 (58.0) 31 (41.3)

Erlotinib
First line 19 (15.8) 14 (15.2) 14 (15.9) 8 (10.7)
zSecond line 101 (84.2) 78 (84.8) 74 (84.1) 67 (89.3)

Skin rash
Yes 93 (77.5) 72 (78.3) 69 (78.4) 59 (78.7.0)
No 27 (22.5) 20 (21.7) 19 (21.6) 16 (21.3)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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Laboratories) at a 1:100 dilution. Tumors with more than 10% of
membrane staining of any intensity were considered to be positive for
EGFR as described previously (13).

Statistical analysis. The Pearson m2 test was done to determine the
relationships between EGFR status such as gene mutation and
amplification, protein expression, baseline clinical characteristics, and
treatment outcomes of erlotinib therapy. Survival curves were calculated
using the Kaplan-Meier method and compared with other prognostic
variables using the log-rank test. Stepwise Cox’s regression analysis was
done to identify prognostic factors for survival. In all tests, P < 0.05 was
considered to be statistically significant.

Results

Clinical results. A total of 120 patients were enrolled. The
median age was 61 years, and 63.3% (76 of 120) were male;
88.3% (106 of 120) had a performance status of 0 to 1;
61.7% (74 of 120) had adenocarcinomas (including 4
bronchioloalveolar carcinomas); 39.2% (47 of 120) were
never smokers; 15.8% (19 of 120) were chemonaive, 50%
(60 of 120) had received one prior palliative chemotherapy
regimen, and 34.1% (41 of 120) had received two or more
(Table 1). With intent-to-treatment analysis, the overall tumor
response rate was 24.2% (4 complete responses and 25 partial
responses) and the disease control rate was 56.7%. Females,

never-smokers, and patients with adenocarcinomas achieved
significantly higher response rate than males, smokers, and
patients with nonadenocarcinoma histology (Table 2). Multi-
variate analysis of the response rate showed that only female
sex [hazard ratio (HR), 0.16; 95% confidence interval (95%
CI), 0.07-0.40; P < 0.001] was an independent predictive
factor of response. With a median follow-up period of 23.6
months (range, 0.1-29), time to progression (TTP) was 2.7
months (95% CI, 2.2-3.2), the 1-year survival rate was 54.3%,
and the median overall survival (OS) was 12.9 months.
Female sex, adenocarcinoma histology, never smoking, and
development of skin rash were predictive of better TTP and
OS. In multivariate analysis, female, good performance status,
and skin rash were significantly associated with longer
survival.
Clinical outcomes and EGFR gene mutations. Of 120

patients, 92 tumors were available for EGFR gene mutation
analysis (Table 1). Twenty-five of 92 patients (27.1%) had
EGFR gene mutations in exons 18 to 21 and the total mutation
rate was 28.2% (26 of 92) because one patient had two
mutations, one in exon 18 and the other in exon 19. Only
one patient had a mutation in exon 20 and the remaining
24 patients had mutations in exon 18, 19, or 21. The most
common type of mutation was an in-frame deletion in exon 19

Table 2. Tumor response to erlotinib according to clinical and molecular variables

Response rate Disease control rate

n (%) P n (%) P

Overall rate 29/120 (24.2) 68/120 (56.7)
Age (n = 120)
<60 17/53 (32.1) 0.165 33/53 (62.3) 0.470
z60 14/67 (20.9) 35/67 (52.2)

Sex (n = 120)
Male 12/76 (15.8) 0.001 31/76 (40.8) 0.001
Female 19/44 (43.2) 37/44 (84.1)

Stage (n = 120)
IIIB 5/16 (31.3) 0.595 10/16 (62.5) 0.610
IV 26/104 (25.0) 58/104 (55.8)

Histology (n = 120)
Adenocarcinoma 26/74 (35.1) 0.003 47/74 (63.5) 0.055
Others 5/46 (10.9) 21/46 (45.7)

ECOG performance status (n = 120)
0-1 29/107 (27.1) 0.362 61/107 (57.0) 0.830
2-3 2/13 (15.4) 7/13 (53.8)

Smoking (n = 120)
Never smoker 17/48 (35.4) 0.041 36/48 (75.0) 0.003
Smoker 14/72 (19.4) 32/72 (44.4)

Erlotinib (n = 120)
First line 6/19 (31.6) 0.533 13/19 (68.4) 0.260
zSecond line 25/101 (24.8) 55/101 (54.5)

Skin rash (n = 120)
Yes 28/93 (30.1) 0.047 61/93 (65.6) 0.001
No 3/27 (11.1) 7/27 (25.9)

EGFR mutation* (n = 92)
Wild-type 11/68 (16.2) <0.001 35/68 (51.5) 0.045
Mutation (exon 18, 19, or 21) 14/24 (58.3) 18/24 (75.0)

EGFR amplification (n = 88)
Normal 9/52 (17.3) 0.012 24/52 (46.2) 0.015
Amplification 15/36 (41.7) 26/36 (72.2)

EGFR expression (n = 75)
Normal 7/21 (33.3) 0.416 10/21 (47.6) 0.536
Overexpression 13/54 (24.1) 30/54 (55.6)

*Exon 18, 19, or 21.
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(69.0%, 18 of 26). An L858R point mutation in exon 21 was
identified in 6 patients (23%, 6 of 26). A higher mutation
rate was seen in females than that in males [40.0% (14 of 35)
versus 17.5% (10 of 57); P = 0.017]. However, there was no
significant difference in the mutation rate according to his-
tology, smoking status, history of previous chemotherapy, or
tumor stage (Table 3).
According to the intent-to-treat analysis, 25 of 92 (27.1%)

patients showed a tumor response to erlotinib. A significantly
higher response rate to erlotinib was noted in patients with
EGFR gene mutations (exon 18, 19, or 21) compared with
patients carrying wild-type EGFR [58.3% (14 of 24) versus
16.2% (11 of 68), P < 0.001; Table 3]. With a median follow-up
of 23.6 months (range, 0.1-29 months), 70 patients underwent
disease progression and 45 of 92 patients are alive. The median
TTP for patients with an EGFR gene mutation was significantly
longer than that of patients without a mutation (8.6 versus
2.5 months, P = 0.003; Table 4; Fig. 1A). The median OS was
10.8 months for patients without a mutation but was not
reached for those with a mutation (P = 0.023; Table 4; Fig. 1B).
Regarding the EGFR genotype, there was no difference in TTP or
OS between patients with exon 19 deletions and those with
the L858R point mutation (P = 0.697 and 0.803, respectively).
The KRAS mutation was present in only 2 of the 92 patients and
those 2 patients with KRAS mutation showed progressive
disease on erlotinib.
Comparison of EGFR gene mutation analysis with direct

sequencing and the Surveyor method. Forty-seven of 92 samples
were independently analyzed for an EGFR gene mutation using
either Surveyor analysis or direct DNA sequencing in a blinded
fashion. Compared with direct sequencing, Surveyor analysis
detected five more mutations (two in exon 18, two in exon 19,

and one in exon 21) and two of the four patients (one patient
with an exon 19 deletion and another with an exon 19 deletion
and L858R) achieved a partial response.

Clinical outcomes and EGFR gene amplification. We ana-
lyzed the EGFR gene amplification status in 88 of 120 patients
(Table 1) by a quantitative real-time PCR method (10). The
EGFR gene copy number in tumor cells ranged from 1.37 to
1,269.46 per cell and 40.9% (36 of 88) of patients showed
EGFR gene amplification. However, there was no correlation
between EGFR gene amplification and age, sex, histology,
smoking, history of previous chemotherapy, or performance
status (Table 3). Patients with EGFR gene amplification showed
a significantly higher tumor response than those without am-
plification [41.7% (15 of 36) versus 17.3% (9 of 52), P = 0.012;
Table 2]. Patients with EGFR gene amplification had signifi-
cantly longer median TTP than those without amplification
(5.8 versus 1.8 months, P = 0.001; Table 4; Fig. 1C). The me-
dian OS was 10.1 months in patients without amplification but
was not reached in patients with amplification (P = 0.033;
Table 4; Fig. 1D).

Correlations between EGFR mutations and EGFR gene
amplification. EGFR gene amplifications were observed more
frequently in patients with the EGFR gene mutations than in
those with wild-type EGFR [68.2% (15 of 22) versus 31.8%
(21 of 66), P = 0.003]. A positive correlation was noted
between EGFR gene amplification and EGFR gene mutation
(Spearman correlation coefficient = 0.241, P = 0.024).

Clinical outcomes and EGFR protein expression. Seventy-five
samples were available for immunohistochemical testing for
EGFR protein expression (Table 1). Fifty-four of 75 samples
(72.0%) were positive for EGFR protein. No significant
association between EGFR protein expression and other clinical

Table 3. Correlation between EGFR molecular analysis and clinical variables

EGFR mutation (n = 92)* EGFR amplification (n = 88) EGFR expression (n = 75)

n (%) P n (%) P n (%) P

Age
<60 12/44 (27.3) 0.804 16/43 (37.2) 0.490 26/37 (70.3) 0.742
z60 12/48 (25.0) 20/45 (44.4) 28/38 (73.7)

Sex
Male 10/57 (17.5) 0.017 18/54 (33.3) 0.069 36/47 (76.6) 0.251
Female 14/35 (40.0) 18/34 (52.9) 18/28 (64.3)

Stage
IIIB 3/8 (37.5) 0.442 4/7 (57.1) 0.363 4/7 (57.1) 0.358
IV 21/84 (25.0) 32/81 (39.5) 50/68 (73.5)

Histology
Adenocarcinoma 18/57 (31.6) 0.126 25/56 (44.6) 0.346 34/47 (72.3) 0.932
Others 6/35 (17.1) 11/32 (34.4) 20/28 (71.4)

ECOG performance status
0-1 22/84 (26.2) 0.942 33/80 (41.3) 0.837 48/67 (71.6) 0.842
2-3 2/8 (25.0) 3/8 (37.5) 6/8 (75.0)

Smoking
Never smoker 13/38 (34.2) 0.137 17/37 (45.9) 0.413 35/44 (79.5) 0.083
Smoker 11/54 (20.4) 19/51 (37.3) 19/31 (61.3)

Erlotinib
First line 3/14 (21.4) 0.666 7/14 (50.0) 0.451 6/8 (75.0) 0.842
zSecond line 21/78 (26.9) 29/74 (39.2) 48/67 (71.6)

Skin rash
Yes 18/72 (25.0) 0.652 25/69 (36.2) 0.089 42/59 (71.2) 0.763
No 6/20 (30.0) 11/19 (57.9) 12/16 (75.0)

*Exon 18, 19, or 21.

Molecular Predictors of ErlotinibTreatment

www.aacrjournals.org Clin Cancer Res 2008;14(12) June15, 20083863

Research. 
on January 7, 2016. © 2008 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

http://clincancerres.aacrjournals.org/


variables was noted (Table 3). There was no association
between erlotinib responsiveness and EGFR protein expression
(P = 0.416; Table 2). There was also no difference in TTP
(P = 0.148) or OS (P = 0.365) between EGFR-positive and
EGFR-negative groups (Table 4).
Multivariate analysis for survival. To define which variables

are predictive for TTP and survival, those factors that were
statistically significant in univariate analysis (sex, Eastern
Cooperative Oncology Group performance status, histology,
smoking status, skin rash, EGFR mutation, and EGFR gene
amplification) were analyzed in a multivariate model (Table 4).
With long-term follow-up, female gender (HR, 0.39; 95% CI,
0.22-0.70, P = 0.002) and EGFR gene mutation (HR, 0.47; 95%
CI, 0.25-0.89, P = 0.020) were statistically significantly
associated with better TTP, whereas female gender (HR, 0.17;
95% CI, 0.08-0.40, P < 0.001), performance status 0 to 1 (HR,
0.29; 95% CI, 0.12-0.69, P = 0.005), and skin rash (HR, 0.45;
95% CI, 0.21-0.95, P = 0.036) were independent factors
associated with prolongation of OS.

Discussion

In this study, 24.2% of response rate was achieved with
erlotinib monotherapy for advanced and/or metastatic NSCLC
in Korean patients, most of whom had previously failed

standard chemotherapy, which is better than the response rate
of 8.9% observed in the BR.21 study (3). Interestingly, the
response rate was similar to that achieved in a phase II study of
erlotinib monotherapy as a first-line treatment for advanced
NSCLC in western patients, which was weighted toward
individuals with higher chances of having EGFR gene muta-
tions (16). Therefore, the higher response rate observed in the
present study, even in a salvage setting, is most probably
explicable by ethnic differences in the efficacy of erlotinib.
This study also shows that EGFR gene mutations were

strongly associated with erlotinib responsiveness in patients
with advanced NSCLC. Patients with EGFR gene mutations
showed a response rate to erlotinib significantly higher than
that of patients without mutation (58.3% versus 16.2%,
respectively, P < 0.001). The high rate of EGFR gene mutation
in this study (26.1%, 24 of 92) is a consistent finding as
reported previously in individuals of East Asian descents (8, 10)
compared with less than 10% of cases in North America and
western Europe (7, 9, 13). Exon 19 deletions and the L858R
missense mutations were identified as the two most common
somatic mutations, together accounting for 92% (24 of 26) of
all the mutation types observed, which is similar to the
previous studies (4–10, 17–19). More importantly, an EGFR
gene mutation with a higher tumor response rate did translate
into prolonged TTP and OS. EGFR gene mutation is the only

Table 4. Univariate and multivariate analysis of prognostic factors for survival

TTP OS

Univariate Multivariate Univariate Multivariate

Median (mo) P P [HR (95% CI)] Median (mo) P P [HR (95% CI)]

Age (y)
<60 2.6 0.656 18.3 0.293
z60 2.7 11.2

Sex
Female 8.6 <0.001 0.002 [0.39 (0.22-0.70)] NR <0.001 <0.001 [0.17 (0.08-0.40)]
Male 1.8 5.3

ECOG performance status
0-1 2.6 0.352 15.0 0.005 0.005 [0.29 (0.12-0.69)]
2-3 2.7 4.7

Stage
IIIB 3.8 0.301 11.7 0.604
IV 2.5 13.7

Histology
Adenocarcinoma 3.9 0.001 NR 0.001
Others 2.0 7.2

Smoking status
Never smoker 5.6 0.002 NR <0.001
Smoker 1.9 5.3

Erlotinib
First line 4.0 0.352 19.2 0.465
zSecond line 2.5 12.0

Skin rash after treatment
Yes 2.7 0.003 19.2 <0.001 0.036 [0.45 (0.21-0.95)]
No 1.7 4.3

EGFR mutation (exon 18, 19, or 21; n = 92)
Yes 8.6 0.003 0.020 [0.47 (0.25-0.89)] NR 0.023
No 2.5 10.8

EFGR amplification (n = 88)
Yes 5.8 0.001 NR 0.033
No 1.8 10.1

EGFR expression (n = 75)
Yes 2.5 0.148 NR 0.365
No 2.7 12.9
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molecular variable associated with prolonged TTP by multivar-
iate analysis. This study supports other reports that have shown
a survival advantage in favor of EGFR gene mutations over wild-
type EGFR in patients treated with gefitinib (8, 18). Although
no direct comparison can be made because of different study
designs and patient populations, our results differ from that
reported by Tsao et al., which concluded that EGFR gene
mutation analysis is not necessary in the selection of patients
for treatment with erlotinib (13). In the BR.21 study, only
24.2% of the samples (177 of 731) were available for EGFR
sequencing analysis, and a relatively small number of muta-
tions were identified (n = 40). The conclusion drawn from this
analysis of a very limited number of patients might not be
representative and casts doubt on the generalization of the
conclusion. In the present study, 76.7% of a homogeneous
group of patients (92 of 120) treated with erlotinib was
analyzed for EGFR gene mutations, allowing us to obtain more
representative and reliable data. Another plausible explanation
for the discrepancy may be ethnic differences in the patients
studied. In the BR21 study, only 12 of the 177 available
samples (6.7%) were from Asian populations. Therefore,
with limited Asian samples, we must be very cautious in
drawing the conclusion that the patient’s EGFR mutation status
dose not affect the outcome of erlotinib treatment regardless of
ethnicity. Based on our results, EGFR gene mutation status
might be an important molecular predictor to be considered
together with other known clinical variables such as sex,
smoking status, and histology in deciding who is more likely to

benefit from erlotinib treatment, at least in the Korean
population.
It is interesting that 11 of the 68 patients (16.2%) with wild-

type EGFR also responded to erlotinib. One explanation for this
result might be the sensitivity of the method for detecting
mutations. Direct DNA sequencing has been the most
commonly used method for the detection of EGFR mutations.
However, this method is a time-consuming procedure requiring
a large tissue specimen and the microdissection of tumor cells
from normal lung tissues by a pathologist. To overcome this
problem, a new, rapid, and sensitive method using a DNA
endonuclease, called Surveyor analysis, has been developed
(15). This method is reported to have a positive predictive rate
of 75% and a negative predictive rate of 100%. When we
compared the two different methods, five more mutations in
four patients were detected by Surveyor analysis, which had not
been detected by the sequencing method. Furthermore, two of
these four patients achieved a partial response to erlotinib,
suggesting that the alternative non-sequencing-based method is
more sensitive in identifying EGFR gene mutations. This new
method will thus increase the detection rate of EGFR gene
mutations, especially when it is used with undissected,
formalin-fixed, and paraffin-embedded specimens.
Multivariate analysis suggested that increased EGFR gene

amplification is another possible predictor of erlotinib respon-
siveness. The response rate of patients with EGFR gene
amplification was 41.7%, which was significantly higher than
that of patients without amplification (17.3%, P = 0.012).

Fig. 1. TTP and OS according to EGFR
gene mutation (A and B) and gene
amplification (C and D) in patients treated
with erlotinib.
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Although fluorescence in situ hybridization is by far the method
most frequently used to evaluate increased EGFR gene copy
number (7, 12), this method is technically labor intensive, time
consuming, and only semiquantitative. Furthermore, the inter-
pretation of fluorescence in situ hybridization results is apt to
be subjective, leading to interobserver variability. In contrast,
quantitative real-time PCR used in this study is a standardized
method that is both quantitative and objective. Therefore, this
method is more reproducible and better suited for clinical
practice because it entails less interexperimental variability.
A direct comparison of the two detection methods is in process
at the moment.
In this study, EGFR gene amplification was also associated

with improved TTP and OS in patients treated with erlotinib.
The median TTP for patients with EGFR gene amplification was
5.8 months compared with 1.8 months for patients without
amplification. More interestingly, the median OS has not
been reached in erlotinib-treated patients with EGFR gene
amplification, whereas it was 10.1 months for patients without
amplification. However, multivariate analysis revealed that
EGFR gene amplification was not an independent molecular
predictor for prolongation of TTP or OS.
The predictive role of EGFR immunohistochemistry for

the response to and survival benefit of EGFR tyrosine kinase
inhibitors remains controversial (7, 13, 20, 21). We found no
significant predictive value of EGFR protein expression in

patients treated with erlotinib, although 72% of patients were
positive. These discordant results among the reported studies
may be attributable to the different methodologies, different
study populations, and variable cutoff values for EGFR posi-
tivity in the studies. Therefore, a standardized method remains
to be established and validated in larger series of patients in
prospective studies.
In summary, our results suggest that EGFR gene mutations

and EGFR gene amplification might be potential predictive
molecular markers for a better response to erlotinib and are
associated with better clinical outcomes in Korean patients
with NSCLC. Further prospective studies with large numbers of
patients from diverse ethnic backgrounds are required to
determine the exact roles of these and other molecular markers
in the identification of patients most likely to benefit from
erlotinib treatment for NSCLC.
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