ONCOLOGY LETTERS 15: 2905-2912, 2018

A novel ARMS-based assay for the quantification of EGFR
mutations in patients with lung adenocarcinoma
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Abstract. Quantification of epidermal growth factor receptor
(EGFR) mutations is important for the prediction of tyrosine
kinase inhibitor (TKI) efficacy in patients with non-small cell
lung cancer (NSCLC). However, clinicians lack a sensitive and
convenient method to quantify EGFR mutant abundance. The
present study introduces a novel method, namely amplification
refractory mutation system (ARMS)-Plus, for the quantita-
tive analysis of EGFR exon 19 deletion (/9Del), L858R and
T790M mutations. Formalin-fixed paraffin-embedded tumor
samples were collected from 77 patients with lung adenocarci-
noma. DNA was extracted and analyzed for EGFR mutations
using ARMS-Plus. The performance of ARMS-Plus was then
compared with that of conventional ARMS-polymerase chain
reaction (ARMS-PCR) and droplet digital PCR (ddPCR).
The results demonstrated that the concordance rate of EGFR
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mutation testing between ARMS-Plus and ddPCR was 98.7%
(76/77, Kappa=0.9739). 19Del and L858R mutations were
detected in 23 and 12 patients, respectively. There was a
significant difference between ARMS-Plus and ddPCR in the
evaluation of 7/9Del mutant abundance (P=0.0002); however,
not in that of L858R mutant abundance (P=0.7334). The
ARMS-Plus results in L858R mutant abundance were concor-
dant with that of ddPCR (R?=0.8081). These results indicated
that the sensitivity and specificity of ARMS-Plus in iden-
tifying EGFR mutations were similar to that of ddPCR. For
quantitative analysis, the results of ARMS-Plus in evaluating
L858R mutant abundance revealed a positive correlation with
the ddPCR results. Thus, ARMS-Plus provides an alternative
method, which is reliable and cost-effective, to quantify EGFR
mutations and thereby, aid treatment decisions in patients with
lung adenocarcinoma.

Introduction

Lung cancer, being the leading cause of cancer-related
mortality, results in over 1 million deaths per year worldwide.
Non-small cell lung cancer (NSCLC) accounts for about 85%
of lung cancer cases. The prognosis of NSCLC is poor, with
a 5-year overall survival rate of less than 20% (1). Epidermal
growth factor receptor (EGFR) is a transmembrane receptor
tyrosine kinase frequently over-expressed in NSCLC (2).
Activation of EGFR induces the proliferation and growth of
cancer cells and thus EGFR is a promising target for person-
alized therapy. Recently, EGFR-tyrosine kinase inhibitor
(TKI) such as Gefitinib (AstraZeneca, London, UK),
Erlotinib (Genentech, San Francisco, USA) and Afatinib
(Boehringer Ingelheim, Ingelheim, Germany) have emerged
as the first-line therapy for the treatment of NSCLC (3-5).
Through selectively binding at the ATP-binding site of the
receptor kinase domain, TKIs block EGFR activation and
its downstream signal transduction, such as STAT3, MAP
kinase (MAPK) and AKT signaling (6). Although the
EGFR-TKIs show a rapid and dramatic tumor regression in
NSCLC patients, the initial clinical study with Gefitinib in
2005 illustrated that only 9-19% of unselected patients with
advanced NSCLC showed responses to the treatment (7,8).
Subsequently, researchers reported that EGFR mutation
status may be a key predictive factor in determining the
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efficacy of EGFR-TKIs treatment (9). Exon 19 deletions
(I9Del) and L858R substitution mutations were found to be
the most common EGFR mutations, which constitute about
90% of all EGFR mutations (10). Several studies revealed
that NSCLC patients with EGFR mutations showed better
prognosis on EGFR-TKIs therapy. This was validated by
two phase II clinical trials, which demonstrated an overall
response rate of 75-78% for Gefitinib in NSCLC patients
harboring EGFR mutations (11,12). Nevertheless, secondary
mutations frequently arise after first-generation EGFR-TKIs
treatment and lead to therapeutic resistance. 7790M muta-
tion is the major cause of resistance to first-generation
EGFR-TKIs, accounting for about 70% of acquired resis-
tance (13). T790M mutation was reported to associate with
a shorter progression-free survival (PFS) with EGFR-TKIs
therapy in NSCLC patients (14). The relative EGFR mutant
abundance may also be a key factor in predicting the sensi-
tivity of EGFR-TKIs. Zhou et al reported that advanced
NSCLC patients with a high abundance of EGFR mutations
showed a significant longer PFS after Gefitinib treatment (15).
In another study, Zhao et al demonstrated that the abundance
of EGFR mutations could be a possible predictor to select
patients with acquired resistance to primary TKIs that would
benefit from EGFR-TKIs re-administration (16). Since the
afore-mentioned EGFR mutations are critical for deciding
the treatment strategies in patients with NSCLC, a reliable
method to identify and measure the EGFR mutant abundance
is urgently needed.

In the past decade, direct DNA sequencing was the most
frequently used method for EGFR mutation detection. Despite
its accessibility, the sensitivity is relatively low. The detection
limit of direct DNA sequencing is approximately 20%, which
may lead to a high rate of false negative result (17). More
importantly, performing direct DNA sequencing requires a
long processing time and could delay clinical-decision making.
Currently, numerous detection methods have been inves-
tigating for the detection of EGFR mutations with a higher
sensitivity (18,19). Amplification refractory mutation system
(ARMYS) is a detection method based on allele-specific poly-
merase chain reaction (PCR). The detection limit is reported
to be around 1% which is far more sensitive than direct DNA
sequencing. Droplet digital PCR (ddPCR) is another emerging
method to detect EGFR mutations. Based on the compartmen-
talization and amplification of single DNA molecules, ddPCR
is highly sensitive. Thus, it is now generally accepted as the
most sensitive method for the detection and quantification of
mutations (20). However, this method requires specialized
equipment and it is more expensive in terms of cost and labor.
Here, we introduce a modified ARMS-based assay, namely
ARMS-Plus, for the analysis of EGFR mutations based on
real time PCR platform. In the present study, ARMS-Plus and
ddPCR methods were used to analyze FFPE-derived DNA
samples, with the aim of comparing the performances of the
two methods and exploring the feasibility of using ARMS-Plus
in the measuring of EGFR mutant abundance.

Materials and methods

Sample collection and processing. FFPE tissue samples
obtained from patients between 2013 and 2015 were collected
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from the Guangdong Provincial Hospital of Traditional
Chinese Medicine. Written informed consent was obtained
from all of the patients. The present study protocol was
approved by the Institutional Review Board of the Guangdong
Provincial Hospital of Traditional Chinese Medicine. The
FFPE tissue samples were micro-dissected by a pathologist
and assessed by hematoxylin and eosin staining. Genomic
DNA was extracted using the QIAamp® DNA FFPE Tissue
kit (Qiagen, Shanghai, China). Collected FFPE-derived DNA
samples were then analyzed by the following assays.

ARMS-plus. The isolated DNA samples were processed by
Human EGFR Gene Mutation Quantitative Detection kit
(Fluorescenece qPCR; GenoSaber Biotech Co., Ltd., Shanghai,
China) according to manufacturer's instructions. This is a quan-
titative PCR kit that can detect 4 different EGFR mutations
with an external control in exon 4 to monitor samples qualities
(Table I). In brief, 5 ul samples were added to the pre-mixed
45 pul reaction mixture came with the kit and the PCR was
conducted with Applied Biosystems® 7500 Real-Time PCR
Systems (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
PCR amplification conditions were as follow: hot start at 95°C
for 4 min, and 50 cycles of 95°C for 10 sec, 61°C for 30 sec
with fluorescence reading (FAM). Primer and probe sequences
were listed in Table II. /9Del mutation was detected by two
separate reactions as two different kinds of base pair alteration
were found. We also found that the 2361-site single nucleotide
polymorphism (SNP) may affect PCR specificity, hence the
T790M test was divided into two reactions to raise detection
rate. The mutant abundance was defined as the percentage of
mutant copies present in the whole DNA sample. To calculate
the copy number, serially diluted plasmids were provided in
the kit as standard samples for generating the standardization
curve. Theoretically, the calculation equation of mutant abun-
dance is shown as follow:

Observed mutant copy number

Mutant abund =
utant abundance = &y served wild type copy number

ddPCR. ddPCR was performed as previously described (21).
In brief, the mixture of probes, primers, template DNA and 2X
Droplet PCR Supermix (Bio-Rad Laboratories, Hercules, CA,
USA) was applied to the droplet generator. The oil-in-water
mixture generated was then transferred to a 96-well PCR
plate, heat-sealed and placed in a C1000 Touch thermal cycler
(Bio-Rad Laboratories) for PCR amplification. The following
thermo-cycling conditions were used: Hot start at 95°C for
10 min, 40 cycles of 94°C for 30 sec, 62°C for 1 min, and 98°C
for 10 min. The PCR product was read on a QX-200 droplet
reader (Bio-Rad Laboratories) and the data were analyzed
with Quantilife software. The Qunatilife software calculates
the copy number of both mutant and wild-type DNA based on
the Poisson statistic.

ARMS-PCR. The isolated DNA samples were re-tested with
ADx EGFR Mutations Detection kit (Amoy Diagnostics,
Xiamen, China), which has received China Food and Drug
Administration's (CFDA) approval for clinical usage in main-
land China. The kit covered the 29 EGFR mutation hotspots
from exon 18 to 21. The assay was carried out according to
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Table I. Mutations or gene fragments detected by ARMS-Plus.
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Site Mutation Exon Base pair altered Cosmic ID
EGFR external control / 4 / /
Del(1) E746_A750del(1) 19 2235_2249dell15 6223
Del(2) E746_A750del(2) 19 2236_2250del15 6225
L858R L858R 21 2573T>G 6224
T790M(1) T790M 20 2369C>T 6240
T790M(2) T790M 20 2361G>A/2369C>T 1451600/6240

The mutant abundance of 7/9Del mutation is the sum of Del(1) and Del(2), while the one with a larger value between T790M(1) and T790M(2)
was chosen as the 7790M mutant abundance. COSMIC, catalogue of somatic mutations in cancer; EGFR, epidermal growth factor receptor;
19Del, exon 19 deletion; ARMS, amplification refractory mutation system.

Table II. Sequence of primers and probes utilized for ARMS-Plus.

Site Primer Probe Blocker
EGFR external Forward: 5'-TGGAGAGCAT 5'FAM-ACATAGTCAG /
control CCAGT-3' CAGTGACTT-3'MGB
Reverse: 5'-TCTGGAAGTC
CATCGACAT-3'
Del(1) Forward: 5'-CCGTCGCTAT 5'FAM-AAGCCAACAA /
CAAA-3' GGAAAT-3'MGB
Reverse: 5'-ATGGACCCCC
ACAC-3'
Del(2) Forward: 5'-GTCGCTATCA 5'FAM-AAGCCAACAA /
AGA-3' GGAAAT-3'MGB
Reverse: 5'-GTCGCTATCA
AGA-3'
L858R Forward: 5'-AGATTTTGGG 5'FAM-AACTGCTGGG 5'-TTTTTGGGCGGGCCA
CG-3' TGCGGA-3'MGB AAC-3' phosphorthioated
Reverse: 5'-TTTGCCTCCT
TCTGC-3'
T790M(1) Forward: 5'-CCGTGCAGCA 5'FAM-CTCATGCCCT 5'-GCTCATCACGCAGCTCA-3'
CATCAT-3' TCGGC-3'MGB phosphorthioated
Reverse: 5'-TGTCTTTGTG
TTCCCG-3'
T790M(2) Forward: 5'-CCGTGCAACA 5'FAM-CTCATGCCCT 5'-CAACTCATCACGCAGCT-3'
CATCAT-3' TCGGC-3'MGB phosphorthioated
Reverse: 5'-TGTCTTTGTG
TTCCCG-3'

EGFR, epidermal growth factor receptor; ARMS, amplification refractory mutation system.

the manufacturer's protocol with the MX3000P (Stratagene;
Agilent Technologies, Inc., Santa Clara, CA, USA) Real-Time
PCR system.

Statistical analysis. The concordance rate of ARMS-Plus and
ddPCR in identifying EGFR mutation status was analyzed by
Kappa test. Samples were examined to determine whether a
statistical difference existed regarding variations in EGFR

mutations between ARMS-Plus and ddPCR by the Wilcoxon
test. P<0.05 was considered to indicate statistical significance.
The correlation between ARMS-Plus and ddPCR results on the
EGFR mutant abundance was examined by Linear Regression
analysis. The statistical analysis and graphic generation were
carried out by using SAS9.2 (SAS Institute, Inc., Cary, NC,
USA) and GraphPad Prism 5 (GraphPad Software, Inc., La
Jolla, CA, USA).
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Figure 1. Detection of EGFR mutations by ARMS-Plus and ddPCR in spiked cell mixtures. Mutant cell lines were spiked into a EGFR wild-type cell line at
aratio of 1 and 5%. The mutant abundance was then detected. EGFR (A) 19Del, (B) L858R, and (C) T790M mutations were stably detected by ARMS-Plus
and ddPCR assays. Data are presented as the mean + standard error of the mean. EGFR, epidermal growth factor receptor; ARMS, amplification refractory
mutation system; ddPCR, droplet digital polymerase chain reaction; /9Del, exon 19 deletion.

Results

Evaluation of the detection efficiency of ARMS-Plus. Mutant
cell lines H1650 (/19Del) and H1975 (L858R and T790M)
were spiked into EGFR wild-type cell line A549 at a ratio of
1 and 5% (2x10° and 1x10* cells of each H1650 and H1975 was
spiked into 2x10° cells of A549, respectively). QIAamp DNA
FFPE Tissue Kit (Qiagen) was used to extract DNA from the
cell mixtures. The final allelic frequencies were analyzed by
both ARMS-Plus and ddPCR (3 repeats for each cell mixture).
Results demonstrated that all mutations were stably detected
by ARMS-Plus (Fig. 1). Generally, the mutant abundance
detected by ddPCR was higher than that by ARMS-Plus.

Patients' enrollment. FFPE tumor samples from 77 lung
adenocarcinoma patients were collected in this study
(Table IIT). Of these patients, 45% (35/77) were female,
median age was 62 years (range from 37-91 years), and 52%
were never-smokers. Nearly half of the patients (45%, 35/77)
were diagnosed with advanced stage disease (stage III-IV).
Only 4 patients were treated with EGFR-TKI before sample
collection.

Determination of EGFR mutation status. ARMS-Plus was
performed to analyze the EGFR mutation status. The results
were then re-tested by ddPCR and ARMS-PCR (Table IV).

Among the 77 paired samples evaluated by ddPCR,
35 (45.5%) samples were mutation positive and the other
42 samples were negative. For the ARMS-Plus results, only one
sample showed a discordant result compared to that of ddPCR.
A case of weak positive L858R result with an abundance of
0.5% detected by ARMS-Plus was recognized as negative by
ddPCR (Table V). Together, the overall concordance rate of
EGFR mutation testing between ARMS-Plus and ddPCR was
98.7% (76/77). The results of EGFR mutation status identified
by the two methods were highly consistent (Kappa=0.9739,
95% CI: 0.923-1).

To evaluate the utility of ARMS-Plus for identifying
EGFR mutations, we assessed the sensitivity and specificity
of the assay compared to ddPCR (Table VI). For /9Del and

T790M mutations, ARMS-Plus results were 100% matched
with that of ddPCR. Only one case of L85S8R mutation was
detected in ARMS-Plus but not ddPCR. The overall sensitivity
and specificity for detecting EGFR mutations were 100 and
98% respectively, demonstrating the promise of ARMS-Plus
in identifying EGFR mutations.

The ARMS-PCR results were also similar to that of
ARMS-Plus and ddPCR. Only one case of positive /9Del
result confirmed by both ARMS-Plus and ddPCR was classi-
fied as negative by ARMS-PCR and one case of negative /9Del
result detected by both ARMS-Plus and ddPCR was shown
positive for ARMS-PCR. Collectively, these data indicate
that both ARMS-PCR, ddPCR and ARMS-Plus results were
consistent in identifying EGFR mutations in FFPE-derived
DNA samples.

Quantitative analysis of EGFR mutations. 23 out of 77 samples
were identified to be /9Del mutant by both ARMS-Plus and
ddPCR. According to the results, significant difference was
observed (Wilcoxon rank sum test, P=0.0002, Fig. 2A) between
the abundance of 19Del mutation detected by ARMS-Plus
(median=25.26%) and ddPCR (median=43.76%). The observed
19Del mutant abundance detected by ARMS-Plus was not
consistent with the expected abundance based on ddPCR
(Linear regression analysis, R*=0.1012, Fig. 2B).

For L858R mutation, 12 out of 77 samples were identified
by both ARMS-Plus and ddPCR. No significant difference was
observed (Wilcoxon rank sum test, P=0.7334, Fig. 3A) between
the abundance of L858R mutation detected by ARMS-Plus
(median=31.18%) and ddPCR (median=26.27%). The observed
L858R mutant abundance detected by ARMS-Plus was highly
consistent with the expected abundance based on ddPCR
(Linear regression analysis, R*=0.8081, Fig. 3B).

The data of T790M mutant abundance were not analyzed
as only 2 samples were identified with 7790M mutation
(both patients were EGFR-TKI treatment-naive). However,
the observed mutant abundance detected by ARMS-Plus
is generally consistent with that of ddPCR (Case 1: 29.21%
and 43.17%; Case 2: 11.18 and 16.42%, for ARMS-Plus and
ddPCR, respectively).
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Table III. Patient characteristics.
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EGFR mutation status detected by ddPCR

Variable n (%) Mutant Wild-type
Sex

Female 35 (45) 24 11

Male 42 (55) 11 31
Age

=60 years 46 (60) 15 31

<60 years 31 (40) 20 11
Smoking history

Ever-smoker 33 (43) 9 24

Never-smoker 40 (52) 26 14

Uncertain 4(5) 0 4
Disease stage

I 709) 5 2

II 26 (34) 12 14

1 10 (13) 5 5

v 25 (32) 12 13

Uncertain 9(12) 1 8
EGFR mutation type

19Del 21 (27) 21 0

L858R 12 (16) 12 0

19Del+T790M 2(3) 2 0

Wild-type 42 (54) 0 42
Histopathology type

Adenocarcinoma 77 (100) 35 42
Total n 77 35 42

EGFR, epidermal growth factor receptor; ddPCR, droplet digital polymerase chain reaction; /9Del, exon 19 deletion.

Table IV. EGFR mutation status detected by ARMS-PCR,
ddPCR and ARMS-Plus.

Table V. Comparison of EGFR mutation status detected by
ARMS-Plus and ddPCR.

Mutation ARMS-PCR ddPCR ARMS-Plus
Wild type 43 42 41
19Del 20 21 21
L858R 11 12 13
19Del+L858R 1 0 0
19Del+T790M 2 2 2
Total n 77 77 77

EGFR, epidermal growth factor receptor; ARMS, amplification
refractory mutation system; ddPCR, droplet digital polymerase chain
reaction; /9Del, exon 19 deletion.

Discussion

Since the approval of EGFR-TKIs in the last decade, a massive
amount of researches have been investigating the clinical
significance of EGFR mutations in predicting the sensitivity

ARMS-Plus results

Variable EGFR Mutant (n) Wild-type (n) Total
ddPCR results
EGFR Mutant (n) 35 0 35
Wild-type (n) 1 41 42
Total 36 41 77

EGFR, epidermal growth factor receptor; ARMS, amplification
refractory mutation system; ddPCR, droplet digital polymerase chain
reaction.

of TKIs treatment (22,23). It is now apparent that EGFR
mutations are associated with the efficacy of TKIs therapy.
AllI NSCLC patients are suggested to perform EGFR mutation
test after diagnosis to save cost and avoid unnecessary adverse
effects due to wrong regimen decision (24). Recently, clinical
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Table VI. Performance of ARMS-Plus compared with ddPCR.

Mutation Sensitivity (%) Specificity (%) PPV (%) NPV (%) Total n number
19Del 100 100 100 100 23
L858R 100 98 92 100 13
T790M 100 100 100 100 2
Total 100 98 97 100 36

19Del, exon 19 deletion; PPV, positive predictive value; NPV, negative predictive value; ARMS, amplification refractory mutation system;
ddPCR, droplet digital polymerase chain reaction.
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Figure 2. Quantitative analysis of /9Del mutation in paired samples. Comparison of AMRS-Plus and ddPCR results, evaluating /9Del mutant abundance by
(A) Wilcoxon rank sum test and (B) linear regression analysis. /9Del, exon 19 deletion; ARMS, amplification refractory mutation system; ddPCR, droplet
digital polymerase chain reaction.
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Figure 3. Quantitative analysis of L858R mutation in paired samples. Comparison of AMRS-Plus and ddPCR results, evaluating L§58R mutant abundance
by (A) Wilcoxon rank sum test and (B) linear regression analysis. ARMS, amplification refractory mutation system; ddPCR, droplet digital polymerase chain
reaction.
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study revealed that Osimertinib, a third-generation EGFR-TKI
that can overcome T790M-resistance, showed a superior
efficacy as first-line treatment to EGFR-mutated advanced
NSCLC compared to first-generation EGFR-TKIs (25). Hence,
a sensitive assay that can identify patients with ‘de novo’
T790M mutation could be valuable for selecting patients who
are favorable to first-line Osimertinib treatment.

As NSCLC are often detected at advanced stages, small
diagnostic biopsy specimens are the primary source for
mutation detection. The DNA amount in these specimens is
usually limited due to prior morphologic and immunopheno-
typic analysis. Thus, a highly sensitive assay is required for
the detection of EGFR mutations. ddPCR is now generally
accepted as the most sensitive method for evaluating muta-
tions with low mutation rate. It utilizes a water-oil emulsion
droplet system to separate DNA samples into thousands of
nanoliter-sized droplets. The partitioning enables the measure-
ment of thousands of independent amplification events within
a single sample and extensively raises the sensitivity of the
assay. In 2014, Zhang et al reported the superiority of ddPCR
in detecting EGFR mutations. Results illustrated that ddPCR
was able to detect and quantify EGFR mutations for as low
as 0.12-2.73% (26). Despite the high sensitivity of ddPCR,
the high cost and the requirement of unique equipment have
greatly hampered its clinical application.

In the present study, we interpreted the ability of ARMS-Plus
in identifying and quantifying EGFR mutations, with ddPCR as
a standard. ARMS-Plus is an AMRS-based assay optimized for
the quantification of 4 different EGFR mutations, including /9Del
at two different sites, L858R, and T790M mutations. Although
only limited mutation sites are analyzed by ARMS-Plus, they
represent the majority of mutations which have a well-established
clinical significance in guiding EGFR-TKISs treatment selection.
Moreover, the primers and probes of ARMS-Plus are optimized
for EGFR mutation detection and the amplicon of each quanti-
tative PCR is shortened to 50-80 bp. These features enable the
precise analysis of highly fragmented DNA molecules extracted
from FFPE tumor samples. To specifically quantify EGFR
mutations, a kind of 3'end-phosphorylated blocking primer was
employed into the ARMS-Plus PCR reaction pools. By comple-
menting the wild type DNA at the mutated sites, these primers
block the non-specific elongations and raise the accuracy in
quantification. In addition, ARMS-Plus can be conveniently
performed with a real-time PCR system. These features of
ARMS-Plus allow a rapid, reliable and cost-effective molecular
analysis in clinical practice.

Cell experiment was performed to evaluate the detection
efficiency of ARMS-Plus. EGFR mutations from well-studied
cell lines (H1650 and H1975) were stably detected by both
ARMS-Plus and ddPCR assays. Generally, the mutant
abundance detected by ddPCR were higher than that by
ARMS-Plus. This could be due to the possible non-specific
amplification of wild-type template in ddPCR.

To explore the sensitivity of ARMS-Plus, a total of
77 FFPE tumor samples were analyzed for EGFR mutation
statuses by both ARMS-PCR, ddPCR and ARMS-Plus.
Micro-dissection was performed by a pathologist before the
tests to remove normal tissues presented in the FFPE samples
which could affect the quantification of mutations. All muta-
tions found by ddPCR (35/77) were consistent with the results
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of ARMS-Plus. Only one case of weak positive L§58R muta-
tion with an abundance of 0.5% was identified by ARMS-Plus,
but not by ddPCR and ARMS-PCR. The overall concordance
rate of EGFR mutation testing was 98.7% (Kappa=0.9739).
These results demonstrated that ARMS-Plus is a promising
assay with high sensitivity in detecting EGFR mutations.

In the quantification of EGFR mutations, the results varied
with different types of mutation. For L§58R mutation, there
was no significant difference (P=0.7334) between the abun-
dance detected by ARMS-Plus and ddPCR and a clear positive
correlation was observed (R*=0.8081). However, a significant
difference was found (P=0.0002) between the abundance of
19Del mutation detected by ARMS-Plus and ddPCR. The
19Del mutant abundance detected by ARMS-Plus was not
consistent with the expected abundance based on ddPCR
(R*=0.1012). The duplex probes used in ddPCR for detecting
19Del mutation cover a larger region than that in ARMS-Plus
(ddPCR: K749-S752 and A755-D761 region, ARMS-Plus:
E746_A750 region) (21). This could probably explain the
difference in /9Del mutant abundance detected by the two
methods, where the results of ddPCR were significantly higher
than that of ARMS-Plus (median=43.76% vs. 25.26%). Further
research with a larger sample size is required to clarify the
ability of ARMS-Plus in evaluating /9Del mutant abundance.
For T790M mutation, because only 2 samples were identified,
no analysis is performed to evaluate its correlation between
ARMS-Plus and ddPCR.

There were a few limitations in this work. First, FFPE
samples can only represents a unique tumor cell clones
and cannot reflect the genetic heterogeneity of the whole
tumor. The high sensitivity molecular screening for detec-
tion of EGFR mutations is at risk of over-qualification for
EGFR-TKIs therapy. Therefore, combining liquid biopsy is a
better option for decision making. Indeed, ddPCR has been
proved to be sensitive enough to detect EGFR mutations in
plasma samples (27). Further study to investigate the perfor-
mance of ARMS-Plus in liquid biopsy is required. Second,
due to the small sample size of this study, the performance
of ARMS-Plus in quantifying 7790M mutation cannot be
assessed. Third, although micro-dissection was performed to
ensure a >80% tumor content in each sample, the variation in
tumor content could cause inaccurate quantification.

In conclusion, ARMS-Plus provides a reliable and
cost-effective quantitative measuring tool with a similar sensi-
tivity and specificity to ddPCR and could be applicable for
evaluating EGFR mutations and guiding regimen selection in
lung adenocarcinoma patients.
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