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Abstract The relationship between epidermal growth

factor receptor (EGFR) mutation status and EGFR-tyrosine

kinase inhibitors (TKI) efficacy in non-small cell lung

cancer (NSCLC) patients has been well established.

However, there is no available standard to define the

optimal testing method and specimen type required for the

detection of EGFR mutations. In this study, we compare

results of ADx-amplification refractory mutation system

(ARMS) and direct sequencing for the detection of EGFR

mutation and prediction of EGFR-TKI efficacy for surgery

and biopsy tumor tissues in 158 NSCLC patients. For 71

surgery samples, there were 13 and 17 positive samples

detected by direct sequencing and ARMS, respectively. For

87 biopsy samples, direct sequencing and ADx-ARMS

found 15 and 32 positive samples, respectively. For surgery

samples, sensitivity of direct sequencing and ARMS was

72.2 % (13/18) and 94.4 % (17/18), respectively. For the

biopsy samples, sensitivity of direct sequencing and ARMS

was 44.1 % (15/34) and 94.1 % (32/34), respectively. For

the biopsy and surgery samples, the ORRs for EGFR

positive and negative patients detected by direct sequenc-

ing were 46.1 versus 16.7 and 66.7 versus 1.1 %, respec-

tively. For ADx-ARMS, the ORR for EGFR positive

patients was significantly higher than for negative patients

(55.6 vs. 5.6 %). The median progression-free survival

time of patients with EGFR wild type detected by direct

sequencing (4.2 months) was significantly longer than that

of patients with wild type detected by ARMS (1.7 months).

ARMS has a higher sensitivity and specificity than direct

sequencing for EGFR detection of mutation in both sur-

gical and biopsy samples, and the results from ARMS are

more consistent with the efficacy of EGFR-TKIs treatment.
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Introduction

Lung cancer is the leading cause of cancer-related deaths

worldwide and causes over one million deaths per year [1].

Non-small cell lung cancer (NSCLC) is the most common

histologic type, accounting for 80–85 % of all patients with

lung cancer [2]. Although progress has been made in sys-

tematic chemotherapy for the treatment of advanced lung

cancer, clinical outcomes are still limited by a tumor

response rate of \35 %, and the median survival rate is

only 8–11 months [3, 4].

In recent years, small-molecule tyrosine kinase inhibi-

tors (TKIs), such as gefitinib (Iressa), erlotinib (Tarceva),

and icotinib (Conmana), have shown great efficacy in

NSCLC patients who have activation mutations in the

epidermal growth factor receptor (EGFR) gene [5]. The

relationship between EGFR mutation and therapeutic effi-

cacy of EGFR-TKIs has been confirmed in several large-

scale randomized clinical trials. Several studies (IPASS

[6], WJTOG3405 [7], OPTIMAL [8] and First-Signal [9])

have found that the median progression-free survival time

(mPFS) in EGFR-activating patients who received TKIs as

the first-line treatment was more than 8 months, which is

significantly longer than the mPFS (5 months) for patients

receiving routine chemotherapy. In addition, the INTER-

EST [10] and INFORM [11] trials demonstrated that
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NSCLC patients with EGFR-activating mutations are also

prone to achieve greater benefits from second-line and

maintenance TKIs therapies. As a result, detection of

EGFR mutation for predicting therapeutic efficacy of TKIs

has played an essential role in therapeutic decision-making

for NSLCL patients and has become a routine molecular

test in an increasing number of hospitals.

At least 30 mutations have been found in exons 18–21 of

the EGFR gene [12]. The in-frame deletions of exon 19

(E746-A750) and the point mutation at codon 858 in exon

21 (L858R) are the most common activating mutations,

which account for approximately 90 % of all EGFR

mutations and are closely related to the efficacy of EGFR-

TKIs [13].

There are several methods to test for EGFR mutation,

such as direct sequencing, denaturing high-performance

liquid chromatography (DHPLC), and amplification

refractory mutation system (ARMS). Direct sequencing

and ARMS are the most commonly used methods world-

wide. Compared to ARMS, direct sequencing is relatively

inexpensive and easy to use, but time-consuming. How-

ever, ARMS has higher sensitivity and specificity for

EGFR detection.

Although surgical resection of the tumor tissue (gross

specimen) is considered to produce the best specimen type

for EGFR mutation detection, most NSCLC patients who

are diagnosed at advanced stages or who are in poor

physical condition are not suitable for surgery. For those

patients, small specimen samples, such as those from

bronchoscopy and percutaneous lung puncture, are usually

relatively easy to obtain and less invasive and give

repeatable results.

Whether biopsy samples can be used instead of surgical

sample for EGFF detection remains unclear. In particular,

it is not known whether test results of these two specimen

types are affected by different detection methods. In

addition, the effect of using different methods to predict the

efficacy of EGFR-TKIs in patients who have had surgical

and biopsy samples tested has not been investigated. In this

study, we compare EGFR detection results and analyze the

clinical outcome of EGFR-TKI treatment determined by

direct sequencing and by ARMS for surgical and biopsy

specimens with the goal of providing data for clinical

physicians to choose methods for EGFR detection for the

different types of tumor specimens.

Materials and methods

Patients and materials

Patients who were newly diagnosed with stage I–IV

NSCLC from October 2009 to December 2012 at Guangxi

Medical University Affiliated Tumor Hospital were enrol-

led in this study. The study was reviewed and approved by

the Institutional Ethics Committee of the hospital. Written

informed consent was obtained from each patient prior to

testing. Demographic, epidemiologic, pathological, and

stage information for enrolled patients were extracted from

their medical records. Tumor histology was classified by

the criteria of the 3rd World Health Organization/Interna-

tional Association for the Study of Lung Cancer (IASCL)

[14]. Tumor stages were determined using version 7 of the

IASCL. Nonsmokers were defined as patients who had

smoked \100 cigarettes in their lifetime. Smokers were

current smokers or individuals who had stopped smoking

for \1 year before diagnosis. All patients received no

chemotherapy, radiotherapy, or targeted therapy before

sample collection. Gross specimens are defined as tumor

tissues obtained from various surgeries. A tiny or small

biopsy specimen includes tissue obtained from transbron-

chial and percutaneous biopsies. Advanced patients who

failed to respond to first-line chemotherapy were given

250 mg gefitinib or 150 mg erlotinib daily or 125 mg

icotinib three times per day as second-line treatment on the

basis of the EGFR mutation results or the patients’ will-

ingness to use these drugs. Chest CT scans were performed

monthly from the beginning of administration of EGFR-

TKI. The response to EGFR-TKI was evaluated according

to the response evaluation criteria in solid tumor (RECIST)

criteria. Evaluations of complete response (CR) or partial

response (PR) and stable disease (SD) or progression dis-

ease (PD) to treatment were validated 4 weeks later. Pro-

gression-free survival (PFS) was calculated from the date

of the beginning of EGFR-TKI treatment to the date of

tumor progression.

DNA extraction

Formalin-fixed and paraffin-embedded slices were depa-

raffinized in xylene and rehydrated in descending grades of

ethanol. DNA was extracted using a SK1261 kit (Sangon,

Shanghai, China), following the manufacturers’ instruc-

tions. The DNA quality was verified by formaldehyde

agarose gel electrophoresis. The extracted DNA was stored

at -20 �C until use.

Detection of E746-A750 del in exon 19 and L858R

in exon 21 by direct sequencing

EGFR exons 19 and 21 were amplified by a polymerase

chain reaction (PCR). Briefly, EGFR-19F (Forward: 50-GC

ATCGCTGGTAACATCCAC-30), 19R (Reverse: 50-AGA

TGAGCAGGGTCTAGAGC-30) and EGFR-21F (Forward:

50-TGACCCTGAATTCGGATGCA-30), 21R (Reverse: 50-
ATACAGCTAGTGGGAAGGCA-30) were used as
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primers of exon 19 and 21, respectively. Total DNA

extracted from tumor specimens was transferred into a single

tube for amplification. The 50-ll PCR reaction system

consisted of 25 ll Mix, 2 ll forward primer, 2 ll reverse

primer (10 lmol/l), 2 ll template DNA, and 19 ll deionized

water. PCR was performed with initial denaturation at 94 �C

for 5 min, followed by 35 cycles of amplification (at 94 �C

for 30 s, 58 �C for 30 s, and 68 �C for 1 min), and final

extension at 68 �C for 10 min. The PCR amplification pro-

tocols for exon 21 were the same as those for exon 19. The

PCR products were sequenced using an ABI 3730XL DNA

analyzer (Applied Biosystems, Foster City, CA, USA) in

both the forward and reverse directions. Results of direct

sequencing were analyzed by Chromas software. Compari-

son between amplified sequences and the GenBank-archived

human EGFR sequence (Accession No. AY588246) was

performed by two independent investigators. In cases of

disagreement, a third investigator made the final decision.

Detection of E746-A750 del in exon 19 and L858R

in exon 21 by ARMS

Amplification refractory mutation system (ARMS) is a

highly sensitive real-time PCR-based test that uses the

principle of ARMS and covers the 29 EGFR mutation

hotspots from exon 18–21. The assay was carried out

according to the manufacturer’s protocol for the ADx

EGFR29 Mutation Kit (Amoy Diagnostics, Xiamen,

China) with the MX3000P (Stratagene, La Jolla, USA)

real-time PCR system. The 25-ll RT-PCR reaction system

consisted of 0.4 ll template DNA, 3.6 ll deionized water,

and 16 ll other reaction components. PCR was performed

with initial denaturation at 95 �C for 10 min, followed by

40 cycles of amplification (at 95 �C for 30 s and 61 �C for

1 min). The results were analyzed according to the criteria

defined by the manufacturer’s instructions. Positive results

were defined as Ct (sample) - Ct(control) \ Ct(cut-off).

Statistical analyses

Surgical and biopsy samples were analyzed by chi-square or

Fisher’s exact test to determine whether a statistically signifi-

cant difference existed in sensitivity and specificity of detection

of EGFR mutations between DNA sequencing and ARMS.

EGFR mutation status, clinical pathological characteristics,

and clinical response rate (RR) after TKI treatment were also

analyzed by chi-square or Fisher’s exact test. The Kaplan–

Meier method was used to estimate the median PFS after TKIs

therapy between two follow-up groups with different EGFR

status. P values and 95 % confidence intervals (CI) were cal-

culated. The data were analyzed using SPSS version 14.0

Statistical Software (SPSS Inc., Chicago, USA), and P \ 0.05

was considered to indicate statistical significance.

Results

Clinicopathologic characteristics of patients

A total of 158 tumor tissues were collected from patients

with newly diagnosed NSCLC from October 2009 to

December 2012, which included 71 biopsy specimens and

87 surgical specimens. The 71 biopsy specimens consisted

of 59 transbronchial biopsies and 12 percutaneous biopsies.

Clinical and pathological profiles of the enrolled patients

are listed in Table 1.

Comparison of EGFR mutation status detected by direct

sequencing and by ARMS for surgery samples

and biopsy samples

Of 158 total samples, 28 (17.7 %) were found to have

EGFR mutations by direct sequencing. Using ADx-ARMS,

Table 1 Clinicopathologic features of patients with NSCLC

Number of patients

(n = 158)

Percentage

(%)

Age

C60 91 57.6

\60 67 42.4

Gender

Male 86 54.4

Female 72 45.6

Smoking history

Nonsmoker 88 44.3

Smoker 70 55.7

Pathological type

Adenocarcinoma 101 63.9

Squamous carcinoma 49 31.0

BAC 0 0

Large cell/NOS 8 5.1

Differentiation

High 27 17.1

Moderate 45 28.5

Poor 66 41.2

Undetermined 21 13.2

Stage

IA 4 2.4

IB 11 7.0

IIA 25 15.8

IIB 26 16.5

IIIA 11 7.0

IIIB 18 11.4

IV 63 39.9

BAC bronchioloalveolar carcinoma, NOS not otherwise specified
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49 of the 158 samples were mutation positive (31.0 %).

Thus, the EGFR mutation rate was found to be higher using

ARMS than direct sequencing (P = 0.003). Among 71

surgery samples, 13 were positive by direct sequencing

(18.3 %) (Fig. 1). Using the ADx-ARMS method, 17

samples were found to be positive for mutation (23.9 %)

(Fig. 2). There is no statistical difference in the detection of

the EGFR mutation in the surgery samples using the two

methods (P = 0.538). Of the 87 biopsy samples, 15 sam-

ples (17.2 %) were positive by direct sequencing and 32

mutations (36.8 %) were detected by ADx-ARMS. ARMS

had a higher mutation detection rate in the biopsy samples

than direct sequencing (P = 0.006).

Comparison of sensitivity, consistency, and specificity

of surgery samples and biopsy samples detected

by direct sequencing and arms

For the entire 158 samples, sensitivity for direct sequencing

and for ADx-ARMS was 53.8 % (28/52) and 94.2 % (49/

52), respectively (P = 0.000). For the 71 surgery samples,

sensitivity for direct sequencing and for ADx-ARMS was

72.2 % (13/18) and 94.4 % (17/18), respectively, which are

not statistically different (P = 0.177). For the 87 biopsy

samples, sensitivity for direct sequencing and ADx-ARMS

was 44.1 % (15/34) and 94.1 % (32/34), respectively

(P = 0.000). Specificities of both methods were 100 %.

For the 71 surgery samples, 6 samples showed inconsistent

results for the detection by the two methods, with incon-

sistency and consistency rates of 8.5 % (6/71) and 91.5 %

(65/71), respectively. Of the 87 biopsy samples, 22 showed

inconsistent results, with an inconsistency of 25.2 % and a

consistency of only 74.8 %. The inconsistency for the

biopsy samples is higher than that for the surgery samples

(P = 0.006). Comparisons of sensitivity, consistency, and

specificity between surgery samples and biopsy samples

are listed in Table 2.

Correlation between EGFR mutation status

and clinicopathologic characteristics

Among all the clinicopathologic parameters, smoking his-

tory and pathological type demonstrate a correlation with

EGFR mutation status detected by both methods. Fre-

quencies of EGFR mutations were higher in patients who

had never smoked and in adenocarcinomas patients.

However, the patients’ age, gender, and clinical stage

failed to correlate with their EGFR mutation status. The

relationships between exon 19 and 21 mutations detected

by both methods and the clinicopathologic characteristics

are listed in Table 3.

Correlation between EGFR mutation status and EGFR-

TKI efficacies

From the 158 total patients, the 45 who received EGFR-

TKI as second-line treatment and had measurable tumors

and complete follow-up data were included for efficacy

analysis. Of these patients, 21 received gefitinib, 11

received erlotinib, and 13 received icotinib. For direct

sequencing, the objective response rate in patients who had

the EGFR-activating mutation was 52.6 %, which is sig-

nificantly higher than that for EGFR wild-type patients

(15.4 %, P \ 0.05). In the biopsy and surgery samples, the

ORRs in EGFR positive and negative patients were 46.1

versus 16.7 and 66.7 versus 12.5 %, with P values of 0.114

and 0.091, respectively, showing no statistical significance.

Similar to the ORR of direct sequencing, the ORR of

ARMS in EGFR positive patients was significantly higher

than that of negative patients (55.6 vs. 5.6 %, P \ 0.01). In

biopsy samples, the ORR difference between EGFR posi-

tive and negative patients was also statistically significant

(P \ 0.01) (Table 4).

Comparisons were also made between PFS and EGFR

mutation status detected by the two methods for the sur-

gical and biopsy samples. The median progression-free

Fig. 1 Results of direct sequencing. a Results showing No. 22 patient

in-frame deletion in 19 exon. b Results showing No. 79 patient

L858R point mutation in 21 exon (L858R T ? G)
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survival time (mPFS) of the 19 patients who were assessed

as mutation positive by direct sequencing was 10.3 months

(95 % CI 7.0–13.6), while the mPFS of the 26 mutation

negative patients was 4.2 months (95 % CI 3.7–4.4), which

are statistically different (P \ 0.01). For mutations asses-

sed by ARMS, the mPFS of 27 mutation positive patients

and 18 mutation negative patients was 10.3 months (95 %

CI 7.2–13.3) and 1.7 months (95 % CI 0.3–4.2), respec-

tively, also significantly different (P \ 0.01) (Fig. 3).

Further analysis of mPFS in wild-type patients showed that

mPFS for patients identified by direct sequencing was

significantly higher than for those identified by ARMS (4.2

vs. 1.7 months, P \ 0.05), indicating the inclusion of false-

negative results in the direct sequencing samples. It should

also be noted that no difference was found in mPFS or

ORR between 19-del mutation patients and L858R muta-

tion patients, determined either by direct sequencing or by

ARMS (P [ 0.05). PFS and ORR of 19-del mutation and

L858R mutation patients were 11.0 months, 61.0 % and

9.6 months, 65.5 %, respectively. Details are given in

Table 5.

Discussion

The relationship between EGFR mutation status and

EGFR-TKI efficacy in NSCLC patients is well established.

Many factors, such as sensitivity and specificity of the

detection method and quality and type of samples used for

detection, can influence the detection results and affect

Fig. 2 Results of ADx-ARMS.

a Results showing No. 6 patient

in-frame deletion in exon 19.

b Results showing No. 17

patient L858R point mutation in

exon 21
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clinical decision-making. At present, there is no specific

guideline or gold standard available to define the optimal

testing method and specimen type for the detection of

EGFR mutations, although the different methods and

suitable specimen types are currently under investigation

[15–17].

Direct sequencing of specimens from all 158 patients

identified 28 (17.7 %) EGFR mutations. This result is

consistent with the INTEREST trial [18], in which a median

positive rate of 30–40 % in gross specimens in Asian ethnic

NSCLC patients was obtained by the same method. Using

ARMS, the EGFR positive rate was found to be 31 % (49/

158), which is higher than that from direct sequencing

(P \ 0.01). Similar to the meta-analysis conducted by Wu

et al. [19], we found that EGFR mutations identified by the

two methods were more common in patients who had

adenocarcinoma histology as well as a history of non-

smoking. In addition, 19-del and L858R, the most common

activating mutation types of the EGFR gene, showed nearly

the same percentage in all patients. Zhang et al. [20] and

Masago et al. [21] previously reported that 19-Del and

L858R can coexist in the same individual. In our study, dual

mutations were detected in three patients (1.9 %, 3/158) by

ARMS. Two of three (1.3 %, 2/158) were detected by direct

sequencing. These data (1.9 %, 3/158) confirm that the

existence of both activating mutations is rare.

The detection rate obtained from the two methods with

the surgical and biopsy specimens indicates that direct

Table 2 Comparison of sensitivity, consistency, and specificity for

direct sequencing and for ARMS with surgery samples and biopsy

samples

Direct sequencing ARMS Total P1* P2
#

Positive Negative

Total samples

Positive 25 3 28 0.003 0.000

Negative 24 106 130

Total 49 109 158

Surgery samples

Positive 12 1 13 0.538 0.177

Negative 5 53 58

Total 17 54 71

Biopsy samples

Positive 13 2 15 0.006 0.000

Negative 19 53 72

Total 32 55 87

* P1 = P value for sensitivity
# P2 = P value of consistency

Table 3 Relationship between clinicopathologic characteristics and EGFR mutation status detected by direct sequencing and by ARMS

Number of patients

(n = 158)

Percent

(%)

Direct sequencing (D) ARMS (A) D ? A

E19

(n = 18)

E21

(n = 12)

E-Total

(n = 28)

E19

(n = 31)

E21

(n = 21)

E-Total

(n = 49)

Total

(n = 52)

Age

\60 67 42.4 10 5 13 17 10 24 25

C60 91 57.6 8 7 15 14 11 25 27

P 0.311 1.000 0.677 0.156 0.641 0.298 0.392

Gender

Male 86 54.4 7 6 11 13 11 21 23

Female 72 45.6 11 6 17 18 10 28 29

P 0.210 0.769 0.095 0.159 1.000 0.059 0.089

Smoking history

Smoker 70 44.3 4 3 7 8 5 13 15

Nonsmoker 88 55.7 14 9 21 23 17 36 39

P 0.075 0.229 0.035 0.026 0.037 0.003 0.004

Histologic type

ADC 101 63.9 15 12 25 26 20 43 46

Non-ADC 57 36.1 3 0 3 5 1 6 6

P 0.075 0.255 0.002 0.012 0.001 0.000 0.000

Stage

I ? IIIA 77 48.7 9 5 12 14 11 22 23

IIIB ? IV 81 51.3 9 7 16 17 10 27 29

P 1.000 0.766 0.537 0.693 0.816 0.606 0.499
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sequencing has a lower detection rate in biopsy specimens

than ARMS (17.2 vs. 36.8 %, P \ 0.01). In addition, direct

sequencing has a lower level of sensitivity than ARMS

(44.1 vs. 94.1 %, P \ 0.01). Twenty-four specimens that

were identified as wild type by direct sequencing were

found to be positive by ARMS. Of those 24 specimens, 19

were biopsy specimens (79.2 %).

It has been reported that the sensitivity of direct

sequencing is limited [22]. When the amount of tumor

tissues in the specimen is\20 % or there are large numbers

of normal cells mixed with the tumor tissues, the detection

ability of direct sequencing is decreased [23]. Unlike direct

sequencing, ARMS, which is based on quantitative PCR,

identifies and amplifies EGFR mutation sequences by using

specific probes, and normal cells in the sample do not

interfere with this method. With its high selectivity and

sensitivity, ARMS can detect \1 % mutant tumor tissue.

The primary reason for the significant differences in the

detection of EGFR mutations in the biopsy and surgical

specimens lies in the lower percentage of tumor cells in the

biopsy specimens. Surgical samples have a large volume

than biopsy samples, which allows tumor cells to be more

easily separated from normal tissues. With the aid of

micro-resection, the percentage of tumor tissues in surgical

specimens can be [90 % after separation. In clinical

practice, the lesions are biopsied at multiple sites in order

to ensure an accurate diagnosis. This practice not only

leads to scattered tumor cells in the biopsy samples but also

results in a large number of normal cells in the samples.

Table 4 Comparisons of EGFR-TKI therapeutic responses and

EGFR mutation status detected by direct sequencing and ARMS for

surgical and biopsy samples

TKI

response

Direct

sequencing

P ARMS P

Mutation Wild

type

Mutation Wild

type

Total

samples

(n = 45)

19 26 27 18

CR 1 0 1 0

PR 9 4 14 1

SD 6 9 7 5

PD 3 13 5 12

ORR 52.6 15.4 0.011 55.6 5.6 0.001

DCR (%) 84.2 50.0 0.027 81.5 33.3 0.002

Surgery

samples

(n = 14)

6 8 8 6

CR 0 0 0 0

PR 4 1 5 1

SD 1 2 2 2

PD 1 5 1 3

ORR 66.7 12.5 0.091 62.5 16.7 0.138

DCR 83.3 37.5 0.138 87.5 50.0 0.245

Biopsy

samples

(n = 31)

13 18 19 12

CR 1 0 1 0

PR 5 3 9 0

SD 5 7 5 3

PD 2 8 4 9

ORR 46.1 16.7 0.114 47.4 0.0 0.004

DCR 84.6 55.6 0.129 73.7 25.0 0.008

Fig. 3 Progression-free survival (PFS) curves for the 45 patients

treated with EGFR-TKIs. a PFS by EGFR mutation status detected by

direct sequencing. b PFS by EGFR mutation status detected by

ARMS
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Because of this, use of the highly sensitive ARMS method

instead of direct sequencing for EGFR detection in biopsy

samples is likely to lead to more reliable results.

The purpose of determining the EGFR mutation status in

the clinic is to screen all NSCLC patients for those who

might benefit from EGFR-TKI treatment. Therefore, an

evaluation of the usefulness of these detection methods

depends on whether the results are consistent with TKI

efficacy. The results of this study show that ARMS is a

more sensitive method than direct sequencing and might

detect more positive patients. However, some researchers

believe that lung cancer is a heterogeneous disease, which

includes both wild-type and mutant EGFR cells. If the

mutant cells represent a minority of the whole tumor and

are detected by more sensitive methods, the results may

influence the final clinical outcome of TKIs. For example,

the ORR for mutation positive patients in OPTIMAL using

direct sequencing was 83 %, higher than that of IPASS

using the ARMS method (71 %). Zhou Qing et al. [13]

postulated that the differences in ORR might be attributed

to relative EGFR mutant abundance rather than a differ-

ence in EGFR detection. However, our results show that

ORR for mutation positive patients detected by direct

sequencing and by ARMS was similar with 52.6 and

55.6 %, respectively. Interestingly, by using ARMS, three

patients (1.9 %) were detected with double mutations

involving both 19-del and L858R, whose clinical evalua-

tions were all PR. These results indicate that patients with

double activating mutations are more sensitive to EGFR-

TKI than single activating mutation patients, which is

consistent with the results of Zhang et al. [20].

We also found that ORR for wild-type patients deter-

mined by direct sequencing was 15.4 %, which is

significantly higher than that determined using ARMS

(5.6 %). The difference in ORR in wild-type patients

between the two methods is due primarily to the biopsy

samples. The ORR of biopsy samples simultaneously with

wild type detected by direct sequencing reached 16.7 %.

The PFS for the two methods in wild-type patients gives

similar results (4.2 months for direct sequencing and

1.7 months for ARMS). This finding indicates that some

wild-type patients, as determined by direct sequencing, still

might obtain clinical benefit from EGFR-TKI treatment

due to false-negative results, which is consistent with the

results of the IPASS and the First-Signal trials. The ORR

for mutation positive patients using ARMS in IPASS was

only 1.1 %, significantly lower than that of First-SIGNAL,

which used the direct sequencing method (25 %).

In conclusion, our findings suggest that gross specimen

obtained from surgery is the best material for the detection

of EGFR mutations. However, under conditions in which

surgical specimens cannot be obtained, it is important to be

aware that the test results may be influenced by the

detection method with biopsy specimens. Using direct

sequencing for the detection of mutation in biopsy speci-

mens could reduce the ability to detect mutation detections.

In this case, the reliability of these results to predict TKI

efficacy is decreased. This problem can be minimized by

using highly sensitive methods such as ARMS to minimize

false-negative results.
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