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Abstract. The current study aimed to develop a method to
rapidly, sensitively and practically screen for the epidermal
growth factor receptor (EGFR) T790M mutation. This method
combines an allele-specific competitive blocker (ACB) with a
TagMan quantitative polymerase chain reaction (PCR) ampli-
fication refractory mutation system (ARMS) in a one-step
reaction. Using a mimic of a human genomic DNA panel
containing serially diluted mutant alleles, the performance
efficacy of this method was assessed. Using this method, the
EGFR T790M mutation was detected in tyrosine kinase inhib-
itor (TKI)-naive samples obtained from 27 non-small cell lung
cancer (NSCLC) patients with EGFR-activating mutations.
The association between de novo T790M mutations and the
clinical benefit of EGFR-TKI treatment was also analysed.
The sensitivity of this method was as low as 0.01%. In the
samples from the 27 NSCLC patients, this method identified
6 mutant patients (22.2%), which was higher than the detection
rate with scorpion ARMS (0.0%). No clinical variables were
associated with the occurrence of a de novo T790M mutation.
The median progression-free survival time in the TKI-naive
patients with a T790M mutation was shorter that that of patients
without the mutation, but the difference was not significant
(3.2 vs. 19.5 months, respectively; P=0.256). The median
overall survival time in the groups with or without T790M
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mutation also did not significantly differ (10 vs. 20 months,
respectively; P=0.689). Overall, the ACB-ARMS PCR method
could be useful for detecting the EGFR T790M mutation in
clinical samples that contain only a small number of mutant
alleles. The clinical significance of a de novo T790M mutation
should be further investigated.

Introduction

The epidermal growth factor receptor (EGFR) T790M muta-
tion has gradually become a research hotspot in the field of
targeted non-small cell lung cancer (NSCLC) therapy in
recent years. Secondary T790M mutation accounts for ~50%
of acquired EGFR tyrosine kinase inhibitor (TKI) resistance
in originally highly responsive NSCLC patients with EGFR
activating mutations, including exon 19 small in-frame dele-
tions and exon 21 L858R mutations (1). De novo T790M EGFR
mutations have been observed in TKI-naive patients and could
predict a shorter response duration following EGFR-TKI
treatment (2,3). Furthermore, the incidence of de novo
T790M mutation may be more prevalent than expected due
to the limited sensitivity of detection methods, such as direct
sequencing (2-5). Next generation EGFR-TKIs, including
AZD9291, CO-1686 and HM61713, could inhibit EGFR
T790M and activating mutations, and have been proven benefi-
cial to NSCLC patients with EGFR-TKI (gefitinib or erlotinib)
resistance caused by secondary T790M mutation (6-8). Thus,
detecting the EGFR T790M mutation in NSCLC patients is
important for monitoring the presence of acquired resistance
and for selecting patients for treatment with next generation
EGFR-TKIs (1,6-8). However, reliable methods for EGFR
T790M mutation detection have not yet been established and
widely accepted. The major difficulty in establishing such a
method is that EGFR T790M mutant cells are mixed with a
large amount of wild-type cells derived from the site of tissue
sampling.

A number of methods to overcome this obstacle have
been reported, including mutant-enriched polymerase chain
reaction (PCR) (9,10), the amplification refractory mutation
system (ARMS) (4,11), peptide nucleic acid (PNA)-clamping
PCR (12-15), combining scorpion ARMS with whole genome
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amplification (16), combining co-amplification at lower
denaturation temperature-PCR with TagMan technology (17),
molecular beacon-based quantitative PCR (18), the beads,
emulsion, amplification and magnetics (BEAMing) assay (19),
PCR-clone hybridisation (5) and matrix-assisted laser desorp-
tion/ionisation-time of flight mass spectrometry (2). Although
these methods have significantly improved the detection limit
ranging from 1 to 0.01%, the majority of these methods are
unavailable and cannot be used easily in a clinical setting.
Additionally, certain methods involve a number of steps
of post-PCR processing, which may increase PCR-product
contamination.

In the present study, a sensitive and practical method was
developed that utilises an allele-specific competitive blocker
(ACB) coupled with ARMS TagMan quantitative PCR in a
one-step reaction tube. This method allowed the preferential
amplification of the mutant DNA through use of an ACB to
prohibit wild-type allele elongation and was thus used to screen
for the T790M mutation in 27 TKI-naive NSCLC specimens.

Patients and methods

Plasmid construction. Recombinant plasmids encoding
wild-type and T790M (2169 C>T) mutant EGFR exon 20 were
constructed according to the method previously reported by
Board et al (20). Briefly, corresponding outer and mutant
primers (Sangon Biotech Co., Ltd., Shanghai, China) were
used to yield half fragments that each had complimentary ends
and contained a mutant base. The sequences of the outer
primers were as follows: Primer a, 5“-TTCACAGCCCTGCGT
AAAC-3'; primer d, 5S"-TTTCCACATGCAGATGGGAC-3".
The sequences of the mutant primers as follows: Primer b,
5'-CGAAGGGCATGAGCTGCATGATGAGCTGCACGG
TGG-3'; primer ¢, 5-CCACCGTGCAGCTCATCATGCAGC
TCATGCCCTTC-3". The PCR assay was performed in a 20-p1
mixture containing 2 ul of 10X PCR buffer, 0.5 units of
HotStarTaq DNA polymerase (Qiagen China Co., Ltd.),
0.25 uM of each primer (Sangon China Co., Ltd.) and 2 pul of
DNA in a PCR instrument (ABI 2720; Applied Biosystems,
Beijing, China). The PCR conditions were as follows: Initial
denaturation at 95°C for 5 min, followed by 35 cycles at 95°C
for 15 sec, 54°C for 30 sec and 72°C for 30 sec, then a hold at
72°C for 7 min and a final permanent hold at 4°C. The PCR
products were mixed and amplified with outer primers and the
PCR process was same as the aforementioned method. The
self-priming of the complementary half fragments and subse-
quent amplification created a final product with a mutant base.
The product was ligated into the pMDI19-T plasmid (Tiangen
Biotech Co., Ltd., Beijing, China) to generate recombinant
containing mutant alleles, which were confirmed by sequencing
(Sangon, Biotech Co., Ltd.). The plasmid DNA was extracted
using Tiangen Plasmids DNA kits (Tiangen Biotech Co., Ltd.).

Study population, sample collection and processing. In total,
27 NSCLC patients with activating mutations (19 Del or
21 L858R) were recruited for this study between January 2008
and December 2012 at Peking Union Medical College Hospital
(PUMCH; Beijing, China). All patients received gefitinib
as a first-line or multiple-line therapy during the course of
cancer treatment. The clinical data of the patients, including
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the demographics, pathological type, stage, smoking status
and treatment information, were obtained from each patient's
medical records and were reviewed by the physicians. The
progression-free survival (PFS) time was calculated based on
the time of gefitinib treatment initiation until disease progres-
sion or mortality. Overall survival (OS) time was defined as
the period following the date of diagnosis, not the date of
informed consent, until mortality.

A tumour biopsy sample was obtained from each patient
(n=27) prior to gefitinib treatment. The samples were
formalin-fixed, paraffin-embedded (FFPE) and retrieved
from the Department of Pathology, PUMCH. The tumour
tissues were isolated by manual microdissection. The tumour
content in each microdissected sample was =75%. The DNA
was extracted using a QIAamp DNA FFPE Tissue kit (Qiagen
China Co., Ltd.) according to the manufacturer's protocols,
and then stored at -20°C for further testing.

The study protocol was approved by the Institutional
Review Boards of PUMCH. All patients provided written
informed consent for the procurement of tumour specimens.

Mimic human genomic DNA panel of different concentrations
of T790M mutant EGFR. Serially diluted plasmids (10 pl)
containing 10,000, 1,000, 100 or 10 copies/ul of the T790M
mutation were each added to 90 pl of human genomic DNA
(30 ng/ul; Sigma-Aldrich China Inc., Shanghai, China). As
one copy of genomic DNA is equivalent to 3 pg of DNA on
average, this mimic human genomic DNA panel consisted of
10, 1, 0.1 and 0.01% mutants.

Genotyping by ACB-ARMS TagMan quantitative PCR
(ACB-ARMS PCR) assay. The ACB-ARMS PCR assay for
the detection of the EGFR T790M mutation was established
in the molecular laboratories of the Beijing BGI-GBI Biotech
Co., Ltd. (Beijing, China). In the ACB-ARMS PCR assay,
dideoxynucleotide-labelled oligonucleotides were used as
a competitive blocker to suppress the amplification of the
wild-type allele via subtle differences in the melting tempera-
ture between the blocker-wild-type and blocker-mutant DNA
hybrids. The principle of this assay is depicted in Fig. 1, and
the sequences are shown in Table I.

The ACB-ARMS PCR assay was performed in a 20-ul
mixture containing 2 ul of 10X PCR buffer, 0.5 units of
HotStarTaq DNA polymerase (Qiagen China Co.,Ltd.),0.15 yuM
of probe, 0.15 uM of blocker, 0.25 uM of each primer (Sangon
China Co., Ltd.) and 2 ul of DNA in a fluorometric PCR
instrument (ABI 7300 and StepOne; Applied Biosystems).
The detection includes two phases: i) Step one enriches the
T790M mutation with 5 cycles of 95°C for 15 sec, 68°C for
20 sec, 60°C for 30 sec and 72°C for 20 sec after denaturing
at 95°C for 5 min; ii) step two entails normal amplification
with 40 cycles of 95°C for 15 sec, 68°C for 20 sec and 60°C for
45 sec (fluorescence collection). The mimic human genomic
DNA was used as the positive control, RNase and DNase free
water was used as the negative control and (3-actin was used
as the reference control. The assay was repeated three times.

Validation of T790M mutation by clone sequencing. The
T790M-positive samples detected by ACB-ARMS PCR were
confirmed with clone sequencing. The wild human genomic
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Table I. Sequences of primers, blocker and probes.
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Detection Primers (5'-3") Probes (5'-3")
T790M
ARMS F: 5'-CACCGTGCAGCTCATTAT-3' 5'FAM-CCTTCCCTGGACTATGT-BHQ3'
R: 5-CACACACCAGTTGAGCAGGTACT-3'
Blocker 5'-TGCAGCTCATCACGCAGCTCATG-ddC3'

Internal control

F: 5-"TGCCAAGGCACGAGTAACAAG-3'

5SFAM-TCTCAGCCTCCAGAGGATGTTCAA

R: 5TCCAAATTCCCAAGGACCAC-3' TAACT-BHQ3'
ARMS, amplification refractory mutation system.
T790M-F T790-probe
Mutant | [CTATT] |
T790-R
T790M-F
— T790-probe
Blocker-
Wid | [cTATc] |
T790-R

Figure 1. A schematic presentation of allele-specific competitive blocker-PCR. The forward primer of T790M mutation harbours another mismatched site
(C>T) at the third base of 3'-ends to decrease the non-specific combination of primer with wild-type template alleles. The non-extendable blocker used here
consisted of 23 bp of normal base sequences of the EGFR exon 20 gene, overlapped with the forward primer by a few bases, with the variant base position
approximately in the middle of the oligonucleotide, and was labelled with dideoxynucleotides in the 3'-end to prohibit wild-type allele elongation with DNA
polymerase. The inhibition of wild-type template amplification is temperature-independent, and its value for the blocker-wild type hybrids is higher than that
for the blocker-T790M mutation. With appropriate annealing and extension conditions, the blocker preferentially hybridises to wide-type alleles rather than to
mutant alleles. Consequently, DNA replication proceeds less smoothly in wild-type DNA than in mutant DNA. Finally, the PCR selectively amplifies mutant

alleles. PCR, polymerase chain reaction.

DNA was used as the controls. The forward primer used here
was similar to T790M ARMS-F, but the mutated base was
reduced and lacked the third mismatched base. The sequences
of the primers for PCR were as follows: Forward, 5-CACCGT
GCAGCTCATCA-3' and reverse, 5'-GATGGGACAGGCACT
GATTT-3". The length of the PCR product was 307 bp. The
blocker remained unchanged. The PCR was performed in a
20-ul mixture containing 2 ul of 10X PCR buffer, 0.15 yM of
probe, 0.15 uM of blocker, 0.25 uM of each primer, 0.5 units of
HotStarTag DNA polymerase and 2 ul of DNA in a fluorometric
PCR instrument (ABI 7300 and StepOne; Applied Biosystems).
The PCR procedure included an initial denaturation at 95°C
for 5 min followed by 35 cycles at 95°C for 30 sec, 68°C for
20 sec for blocker binding, 60°C for 30 sec and 72°C for 30 sec,
then a hold at 72°C for 7 min and a final permanent hold at 4°C.
The product was ligated into the pMDI19-T plasmid (Tiangen
Biotech Co., Ltd.). The positive monoclonal colonies identified
by colony PCR were sequenced (Sangon Biotech Co., Ltd.).

Statistical analysis. For categorical data, Fisher's exact test
was performed to compare differences between groups. The
Kaplan-Meier method was used to estimate survival curves for
PFS and OS. Log-rank tests were used to compare survival
curves between different EGFR mutations. A two-sided
P-value of <0.05 was considered to indicate a statistically
significant difference. All analyses were performed using
SPSS software, version 13.0 (SPSS Inc., Chicago, IL, USA).

Delta Rn vs Cycle
4
3.50
3
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2
1.50
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0.50
0
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1 3 § 7 8 11 13 15 17 19 21 23 25 27 28 31 33 35 37 39

Cycle number

Figure 2. Detection of serially diluted T790M mutants in mimic samples
by the allele-specific competitive blocker-amplification refractory mutation
system TagMan quantitative polymerase chain reaction array. The amplifica-
tion curves marked as numbers 1, 2, 3,4 and 5 correspond to the 10, 1, 0.1,
0.01 and 0% T790M mutant proportions, respectively, in a background of
30 ng/ul human genomic DNA.

Results

Sensitivity of ACB-ARMS PCR for detecting EGFR T790M
mutation. To evaluate the sensitivity of the ACB-ARMS PCR
assay, mimic human genomic DNA panels consisting of 10,
1,0.1, 0.01 and 0% T790M mutant plasmids were used. The
results of detecting T790M mutation by this method showed
that can ACB-ARMS PCR definitely detect 10, 1, 0.1 and
0.01% mutant plasmids in mimic samples (Fig. 2), which
indicated that the lower limit (sensitivity) of this method was
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Table II. Demographics and clinical characteristics of enrolled patients.

T790M detected by ACB-ARMS PCR

Total,
Characteristic n (%) Positive, n (%) Negative, n (%) P-value
Age, years 0.363
<60 17 (63.0) 5(18.5) 12 (44 .4)
>60 10 (37.0) 13.7) 9(33.3)
Gender 1.000
Female 15 (55.6) 3(11.1) 12 (44 4)
Male 12 (44 4) 3(11.1) 9(33.3)
Smoking status 0.290
Never-smoker 20 (74.1) 3(11.1) 17 (63.0)
Smoker 7(25.9) 3(11.1) 4(14.8)
Pathology 0.222
Squamous 1(3.7) 1(3.7) 0(0.0)
Adenocarcinoma 26 (96.3) 5(18.5) 21 (77.8)
EGFR activating mutation 0.648
19 Del 13 (48.1) 2(74) 11 (40.7)
21 L858R 14 (51.9) 4(14.8) 10 (37.0)
Stage 1.000
TIA-IITA 5(18.5) 133.7) 4(14.8)
IIB-1V 22 (81.5) 5(18.5) 17 (63.0)
Line of TKI therapy 0.628
First 9(33.3) 1(3.7) 8(29.6)
Second or multiple 18 (66.7) 5(18.5) 13 (48.1)

ACB-ARMS PCR, allele-specific competitive blocker-amplification refractory mutation

reaction; TKI, tyrosine kinase inhibitor.

system TagMan quantitative polymerase chain

A Delta Rn vs Cycle
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CATCATGCAGCT

Figure 3. Detection of T790M mutation in exon 20 by (A) allele-specific competitive blocker-amplification refractory mutation system TagMan quantitative

polymerase chain reaction and (B) clone sequencing (patient 12).

0.01% (one mutant in the presence of 10,000 wild type genes),
corresponding to <10 copies.

EGFR T790M mutation detected by ACB-ARMS PCR in
clinical samples

Patient characteristics. Of the 27 patients with NSCLC,
15 were female (55.6%), and adenocarcinoma was the most
common pathological type (26 patients; 96.3%). The majority
of patients were non-smokers (20 patients; 74.1%). According to
the TNM staging system (21), advanced disease at stages I1IB

or IV was identified in 81.5% of all enrolled patients. All
patients had EGFR activating mutations, including 19 Del in
13 patients (48.1%) and 21 L858R in 14 patients (51.9%), and
no T790M mutation was detected by scorpion ARMS PCR
(catalogue no. EG-04; Qiagen China Co., Ltd.). The patient
data are summarised in Table II.

T790M mutation is not rare in NSCLC patients with activating
mutations prior to TKI treatment. The sensitive ACB-ARMS
PCR assay was used to analyse the T790M mutation. Of the
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Figure 4. Kaplan-Meier curves for (A) PFS and (B) OS are shown for patients
according to their T790M mutation status, as detected by allele-specific
competitive blocker-amplification refractory mutation system TagMan quan-
titative polymerase chain reaction method in pre-tyrosine kinase inhibitor
treatment samples. PFS, progression-free survival; OS, overall survival; CI,
confidence interval.

27 specimens pre-treated with EGFR-TKIs, 6 patients (22.2%)
with T790M were identified (Fig. 3A). These results were
confirmed by performing the ACB-PCR assay in triplicate and
employing clone sequencing (Fig. 3B). The clone sequencing
showed that all mutant cases harboured T790M mutant colo-
nies in different proportions, which also suggested that the
ACB-PCR assay is highly specific.

Fisher's exact test was used to evaluate the association
between the T790M mutation and clinical variables, such as
gender, age, smoking status, tumour stage, EGFR activating
mutation and pathological type. However, none of these clinical
factors were found to be associated with the occurrence of
T790M in the NSCLC patients with EGFR-activating mutations.

PFS time, OS time and T790M mutation in NSCLC patients with
activating mutations. Among the present cohort of 27 patients
with EGFR-activating mutations, the median PFS time in the
TKI-naive patients with a T790M mutation (n=6) was shorter
than in those without a T790M mutation (n=21), but the differ-
ence was not significant (3.2 vs. 19.5 months, respectively;
P=0.256; Fig. 4A). Furthermore, the median OS time in the
groups with or without T790M mutation did not significantly
differ (10 vs. 20 months, respectively; P=0.689; Fig. 4B).

Discussion

The detection of the EGFR T790M mutation has become
increasingly important, as it could be used to monitor acquired
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resistance to EGFR-TKIs (1), predict EGFR-TKI response
duration and patient prognosis (2,3,5), and identify appropriate
patients for treatment with next-generation EGFR-TKIs (6-8).
Direct sequencing is a straightforward method that is widely
used to detect the EGFR T790M mutation. However, the
detection limit of direct sequencing is generally 25-30%, and
homogeneous tumour samples may not be available in a clinical
setting. To date, several strategies to improve the detection limit
of the EGFR T790M mutation have been proposed (as summa-
rised in Table IIT). Although the sensitivities of these methods
are greatly improved, each method features unique advantages
and disadvantages or difficulties in practical situations, such as
the requirement for special equipment and expensive reagents or
the involvement of complicated procedures. Of these strategies,
the various PCR-based methods are the most suitable and easy
to use in order to detect this known mutation in clinical practice.
Hence, a PCR-based assay was developed in the present study.
This method was sensitive, cost-effective and clinically appli-
cable for the detection of the EGFR T790M mutation.

The method used to screen such a small fraction of mutant
alleles as the template should be highly specific and sensitive.
Based on the mimic human genomic DNA panel that consisted
of serially diluted plasmids containing T790M mutation, the
present study results revealed that the ACB-ARMS PCR
assay can detect 0.01% mutant alleles in total genomic DNA,
which corresponds to <10 copies. This method is comparable
to PNA-clamping PCR (14,15) or the BEAMing assay (20),
and is more sensitive than any other documented method
(Table III) (2-5,9-15,17-19,22,23). Regarding specificity,
the purine/purine and pyrimidine/pyrimidine mismatches
are considerably more selective than the purine/pyrimidine
mismatches (24). Thus, the relatively weak G/T mismatch of
the wild-type template/primer leads to base misincorporation
during PCR and false-positive results when the ARMS method
is used. Hence, in the present study, another mismatched
site (C>T) was designed at the third base of the 3'-ends of
the forward primer of the T790M mutation to decrease the
non-specific combination of the primer with wild-type
template alleles. This method was used to screen 10 different
concentrations of human wild genomic DNA (Sigma-Aldrich
China Inc.), and no specific amplifications were found, which
suggested that this assay is highly specific (data not shown).

In clinical practice, 27 TKI-naive clinical samples were
successfully screened in the present study using this method
and 6 mutant samples of T790M (22.2%) were found. These
results were confirmed by performing ACB-ARMS PCR in
triplicate. The positive examples were further identified by clone
sequencing, and all mutant cases harboured T790M mutant
colonies in different proportions. These results also strongly
suggested the high specificity of this method. Furthermore, the
result was consistent with the majority of previous studies (2-4),
in which the incidence of de novo T790M mutation ranged from
25.2 to 38% in TKI pre-treated specimens, as detected by rela-
tively sensitive methods. These findings suggested that T790M
mutation is more predominant than expected in pre-treated
samples, and indicated the high practicability of this protocol.

The present study showed that the incidence of T790M
mutations was not associated with any other clinical factors,
including gender, age, smoking status, pathological type and
EGFR-activating mutations, which was similar to results
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Table III. Documented methods for T790M mutation detection.
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T790M mutation detection
rate, % (sample type)

Detection
First author, year Methods range, % Disadvantages Pre-treatment TKI-resistance (Ref.)
Sequist et al, 2008 Direct sequencing 25-35 Insensitive 2.04 NA (22)
Chen et al, 2009 Scorpion ARMS 1 Expensive 0 48.3 (11)
Maheswaran et al, 2008 38 (CTC) 64 (CTC) “)
Taniguchi et al, 2011 BEAMing 0.01 Complicated, 4.8 (plasma) 43.5 (plasma) (19)
time-consuming
He et al, 2013 Direct sequencing NA Time-consuming NA 6.1 (plasma) ©)]
Mutant-enriched PCR 0.1 36.4 (plasma)
Arcila et al, 2011 PCR-sequencing/FA 12.5 Post-PCR procedure NA 52 (12)
LNA-PCR-sequencing 0.1 68
Rosell ef al, 2011 PNA-TagMan PCR NA Acceptable 35-38 NA 3)
Miyazawa et al,2008 ~ PNA-LNA PCR 0.1 Acceptable 0 NA (13)
Oh et al, 2011 PNA-clamping PCR 0.01 Acceptable 8.2 NA (14)
Oh et al, 2010 Molecular beacon-PCR 2 Insensitive NA NA (18)
Li et al, 2009 COLD-PCR 0.8 Acceptable NA NA (17)
Kim et al,2013 Pyrosequencing NA Insensitive 0.49 NA (23)
Inukai er al, 2006 Direct sequencing NA Acceptable 0.36 NA (10)
Mutant-enriched PCR 0.1 32
Guha et al, 2013 DISSECT-PNA-LNA PCR 0.01 Complicated NA NA (15)
Fujita et al, 2012 PCR-clone hybridisation NA Complicated 79 NA 5)
Suetal,2012 Direct sequencing 25-35 Special equipment 2.7-2.8 333 2)
MALDI-TOF-MS 1.5 required 25.2-31.5 83.3

FA, fragment analysis; BEAMing, beads, emulsion, amplification, and magnetics; PCR, polymerase chain reaction; DISSECT, differential
strand separation at critical temperature; COLD-PCR, co-amplification at lower denaturation temperature-PCR; NA, not available; CTC, circu-
lating tumour cell; LNA, locked nucleic acid; PNA, peptide nucleic acid; ARMS, amplification refractory mutation system; MALDI-TOF-MS,
matrix-assisted laser desorption/ionisation-time of flight mass spectrometry.

reported in a study by Oxnard er al (25). However, certain
studies have suggested that the T790M mutation is associated
with a late disease stage (10) and EGFR 19 Del mutations (3),
which was not confirmed by the present study due to the limited
sample size. In TKI-naive specimens, the predicted value of
T790M mutation for TKI response duration was contradictory.
In the studies of Su ez al (2) or Rosell er al (3), patients with the
T790M mutation experienced a shorter PES time in response to
EGFR-TKI treatment in comparison to patients without T790M
in TKI-naive samples. However, Fujita et al (5) reported that a
high proportion of T790M alleles may define a clinical subset
with a relatively favourable prognosis. However, the present
study also did not reveal significant differences in the PFS
time based on the T790M mutation status in NSCLC patients
harbouring EGFR-activating mutations (3.2 vs. 19.5 months in
patients with or without the mutation, respectively; P=0.256).
Certain important issues regarding the association between
T790M mutation and PFS time should to be considered in the
present study. First, this retrospective study examined a limited
simple size, and a selection bias did exist. Second, a number of
additional factors regulate the TKI response duration beyond
EGFR T790M mutation. Intratumoural EGFR mutational
heterogeneity (26) and other EGFR-related genetic aberrances
and downstream pathways (27), such as C-Met amplification,

phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit o mutation and EGFR amplification (1), have been iden-
tified as associated with TKI resistance, which confounded the
effect of T790M on PFS time. Although the start time for OS
was defined as the time of diagnosis, not the time of informed
consent or EGFR-TKI treatment, in the present study, the median
OS time in the different groups did not significantly differ
(10 vs. 20 months, respectively; P=0.689), which was consistent
with the study by Su er al (2). However, more recent studies
have also revealed contradictory effects of T790M mutation on
OS time. Oxnard et al (25) and Hata et al (28) reported that
patients who acquired TKI resistance and harboured the T790M
mutation experienced a significantly longer post-progression
survival time than patients without the T790M mutation
(19 vs. 12 months; P=0.036). However, Lee et al (29) reported
that the patients with T790M-positive tumours experienced a
shorter overall survival time than those with T790M-negative
tumours (median, 9.1 vs. 18.7 months; P=0.018). Numerous
factors affect the OS, including the patient's performance status
score, cancer therapy, disease stage, and importantly, organ
metastasis. In basic studies, it has been revealed that tumour
cells carrying the T790M mutation grow slowly and present with
indolent biological behaviours (30). Therefore, the true prog-
nostic value of T790M mutation should be further investigated.
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Furthermore, large prospective randomised clinical trials with
excellent designs to balance the confounding factors in different
groups are warranted to validate the clinical significance of
T790M mutation in TKI-naive specimens.

In summary, the ACB-ARMS PCR assay considerably

improves the sensitivity and specificity of T790M mutation
detection, and could be a promising method to screen for this
mutation in lung cancer samples that contain only a small
number of mutant cells. The clinical significance of de novo
T790M mutation should be further investigated in future studies.
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