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Purpose  Recently, we developed allele-discriminating priming system (ADPS) technology. This method increases the sensitivity of 
conventional quantitative polymerase chain reaction up to 100 folds, with limit of detection, 0.01%, with reinforced specificity. This 
prospective study aimed to develop and validate the accuracy of ADPS epidermal growth factor receptor (EGFR) Mutation Test Kit 
using clinical specimens.
Materials and Methods  In total 189 formalin-fixed paraffin-embedded tumor tissues resected from patients with non–small cell lung 
cancer were used to perform a comparative evaluation of the ADPS EGFR Mutation Test Kit versus the cobas EGFR Mutation Test v2, 
which is the current gold standard. When the two methods had inconsistent results, next-generation sequencing–based CancerSCAN 
was utilized as a referee.
Results  The overall agreement of the two methods was 97.4% (93.9%-99.1%); the positive percent agreement, 95.0% (88.7%-
98.4%); and the negative percent agreement, 100.0% (95.9%-100.0%). EGFR mutations were detected at a frequency of 50.3% 
using the ADPS EGFR Mutation Test Kit and 52.9% using the cobas EGFR Mutation Test v2. There were 10 discrepant mutation calls 
between the two methods. CancerSCAN reproduced eight ADPS results. In two cases, mutant allele fraction was ultra-low at 0.02% 
and 0.06%, which are significantly below the limit of detection of the cobas assay and CancerSCAN. Based on the EGFR genotyping 
by ADPS, the treatment options could be switched in five patients. 
Conclusion  The highly sensitive and specific ADPS EGFR Mutation Test Kit would be useful in detecting the patients who have lung 
cancer with EGFR mutation, and can benefit from the EGFR targeted therapy.
Key words  Non-small-cell lung carcinoma, EGFR mutation, EGFR-TKI treatment, ADPS EGFR Mutation Test Kit, Companion diagnos-
tics
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Clinical Validation of the Unparalleled Sensitivity of the Novel 
Allele-Discriminating Priming System Technology–Based EGFR Mutation 
Assay in Patients with Operable Non–Small Cell Lung Cancer

Introduction

Due to progress in cancer genetics and genomics, cancer 
management has entered the era of personalized-precision 
medicine [1,2]. Inaccurate genotyping may lead to a faulty 
or suboptimal treatment. Therefore, there is growing need 
for platforms with a high diagnostic [3,4]. Advancements in 
genotyping technology resulted in the development of mul-
tiplex epidermal growth factor receptor (EGFR) mutation 
analysis platforms with high specificities and sensitivities; 
1% limit of detection (LoD) for in cobas EGFR Mutation Test 
v2 [5], 0.81% in therascreen EGFR RGQ PCR Kit [6], 0.1% in 

droplet digital polymerase chain reaction (PCR) [7], 0.5% in 
next-generation sequencing–based CancerSCAN [8,9], and 
0.01% in SuperSelective PCR [10,11]. Recently, we devel-
oped allele-discriminating priming system (ADPS), a novel 
method that can accurately detect rare mutations based on 
genetically modified Taq DNA polymerase that improves the 
specificity between primers and templates during quantita-
tive polymerase chain reaction (qPCR) amplification [12]. To 
translate the technological renovations into clinical applica-
tion, the ADPS EGFR multiplex assay was developed, and 
comparative analyses of clinical samples were performed to 
evaluate its applicability at points of care.
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The discovery of activating mutations in the tyrosine  
kinase domain of EGFR caused a paradigm shift in under-
standing the molecular biology of non–small cell lung can-
cer (NSCLC) and in the use subsequent treatment strategies 
[13-16]. Approximately 45% of EGFR mutations are exon 19 
deletions, and 40%-45% are exon 21 L858R substitutions [17-
19]. All the activating EGFR somatic mutations involve the 
adenosine triphosphate binding area in the receptor tyros-
ine kinase domain, to which tyrosine kinase inhibitor (TKI) 
is binding [20]. Randomized trials have shown that in terms 
of efficacy, TKIs are superior to platinum-based cytotoxic 
chemotherapy, which was the standard of care for patients 
with treatment-naïve EGFR-mutated NSCLC [21-23]. Thus, 
an accurate diagnosis of EGFR mutation is a key for success-
ful therapies in lung cancer.

However, patients frequently develop resistance to drugs 
and experience disease progression at a median of 9-13 
months after EGFR-TKI treatment [24]. Among the acquired 
resistance mechanisms, T790M mutation is a well-evaluated 
mechanism of acquired resistance. Osimertinib, a third-gene- 
ration EGFR-TKI targeting both conventional EGFR-TKI–
sensitizing mutations and resistant T790M mutations, is sig-
nificantly effective when used as the first-line therapy with a 
median overall survival of 38.6 months [16]. Therefore, there 
is an increasing demand to accurately identify rare T790M 
mutation. Moreover, in addition to exon 19 deletions and 
exon 21 L858R missense, several uncommon yet activat-
ing EGFR mutations, including S768I, L861Q, and exon 20 
insertions account for 10%-20% of all EGFR mutations [25]. 
Interestingly, as these mutations demonstrated different res- 
ponses to first, second, and third-generation EGFR-TKIs 
[15,21,26], an accurate EGFR genotyping is important in ther-
apeutic decision-making for NSCLC.

This prospective blinded study aimed to develop ADPS 
EGFR Mutation Test Kit (ADPS assay) using the ADPS 
technology, which is designed to detect the aforementioned  
actionable EGFR mutation in patients with suspicious lung 
cancer at the clinic. Further, to evaluate its accuracy, the cobas 
EGFR Mutation Test v2 (cobas assay) was used as a refer-
ence assay platform and next-generation sequencing (NGS)–
based multiplexed cancer mutation assay, named Cancer-
SCAN [8,9], as an additional assay platform.

Materials and Methods

1. Primer design for the multiplex EGFR assay
The 3′ terminal base of each allele-specific primer was 

designed according to its corresponding mutation or allele 
sequence. In case of indels, 2-4 mismatches were designed 
at the 3’ end to distinguish the primer sequences accord-

ing to the sequence difference before and after insertion or  
deletion. The allele-specific primer was designed at a melt-
ing temperature (< 60°C) to increase selectivity due to mis-
match at the 3′ end. However, the primer used on the other 
side of the allele-specific primer was designed at a similar 
temperature or slightly higher than 60°C for sufficient bind-
ing efficiency. The melting temperature of oligonucleotides 
was calculated using OligoAnalyzer (Integrated DNA Tech-
nologies, Coralville, IA). Oligonucleotides were synthesized  
either by Integrated DNA Technologies or Biosearch Technol-
ogies (Hoddesdon, UK). Optimal primers and probes were 
selected using the following criteria: First, they should not 
suppress mutant-specific PCR efficiency, can balance longer 
primer length and low melting temperature at approximate-
ly 56°C-58°C, which is lower than standard 60°C by 2°C-4°C, 
and have no dimer formed. Second, they should not allow 
non-specific amplification of wild-type (WT) template, with 
significant DCt between mutant- and WT templates, have 
a primer length that minimizes non-specific amplification 
(lower than the annealing temperature of PCR), and does not 
allowing false priming at the 3′ ends with proper GC-con-
tents to prevent extension of short fragments. The detectable 
EGFR mutations of ADPS EGFR Mutation Test Kit are listed 
in S1 Table.

2. qPCR template preparation
DNA fragments were synthesized to encompass each  

mutation and WT sequences (Bio Basic, Markham, Canada), 
and cloned into pBluescript II SK(+) plasmid. The synthe-
sized sequence was confirmed via Sanger sequencing. Each 
plasmid template was linearized with a restriction enzyme 
at locations outside the insert and diluted to 109 copies/μL, 
via the calculation of molecular weights. To dilute the plas-
mid, TE buffer (AM9849, Invitrogen, Waltham, MA) con-
taining 2 ng/μL of sheared salmon sperm DNA (AM9680,  
Invitrogen) was used. To validate the detection sensitivity in 
formalin-fixed paraffin-embedded (FFPE) specimen, FFPE 
reference standard were purchased and used as reference 
materials (EGFR S768I Reference Standard, EGFR L861Q Ref-
erence Standard, EGFR V769_D770insASV Reference Stand-
ard and EGFR Gene-Specific Multiplex Reference Standard 
for Ex19Del, T790M, G719S and L858R [HD707, HD133, 
HD706, and HD300 respectively, Horizon Discovery, Cam-
bridge, UK]). Genomic DNA of the FFPE reference standard 
was extracted using the QIAamp DNA DSP FFPE Tissue Kit 
(Qiagen, Hilden, Germany), according to the manufacturer’s 
instructions. Plasmid or genomic DNA concentrations were 
evaluated using the Epoch microplate spectrophotometer 
(BioTek Instruments, Winooski, VT), and genomic DNA copy 
numbers were calculated, assuming that one copy of the hap-
loid genome is 3.3 pg. To dilute the genomic DNA, TE buffer 
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(AM9849, Invitrogen) was used.

3. qPCR reaction condition
In 1× ADPS reaction buffer, qPCR was performed with 

0.25 mM of dNTP, 200 nM of forward primer, 200 nM of re-
verse primer, 400 nM of dual-labeled fluorescent probe, 2 
μL of DNA template of desired copy number, and 0.5 U of 
ADPS Smart DNA polymerase (GENECAST, Seoul, Korea), 
with a total volume of 20 μL. The reactions were performed 
in the 7500 Fast Real-Time PCR System (Applied Biosystems, 
Waltham, MA), with an initial denaturation for 5 minutes at 
95°C followed by thermal cycles: denaturation at 95°C for 
10 seconds, annealing at 60°C for 30 seconds (fluorescence  
acquisition at this step), and elongation at 72°C for 10 sec-
onds. All qPCR data were analyzed in 7500 software (App-
lied Biosystems).

4. LoD determination
To evaluate the detection sensitivity of the ADPS assay, 

the following FFPE reference standard materials were used 
(Horizon Discovery): EGFR S768I (HD707), EGFR L861Q 
(HD133), EGFR Ex20Ins (c.2300_2308dup, HD706), and 
other mutations such as EGFR Ex19Del (c.2235_2239del15), 
T790M, G719S and L858R (HD300). To determine the LoD of 
the ADPS assay using the FFPE specimens, eight replicates 
were run three times using reagents from different lots each 
time (total: 24 replicates per specimen). If positive calls were 
reproduced at least in 23 of 24 replicates (reproducibility:  
> 95%), the mutation calls were considered reliable, and the 
lowest concentration among the reliable calls were deter-
mined as LoD of ADPS assay. Near LoD, multiple tests were 
conducted to confirm reliability.

5. Clinical specimens
Formalin-fixed paraffin-embedded tissue (FFPET) sections 

were obtained from patients with histologically confirmed 
NSCLC who underwent surgical resection at Samsung Medi-
cal Center (Table 1). To determine accurate EGFR genotypes 
with a sufficient amount of tissue samples, surgical FFPET 
specimens were used in this study. Pathologic diagnosis and 
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Table 1.  Continued

Variable No. (n=189)

Differentiation
    NA 10
    Poor 39
    Moderate 134
    Well 6

NA, not applicable.

Table 1.  Characteristics of specimen

Variable No. (n=189)

Age (yr)
    < 60 38
    ≥ 60 151
Sex 
    Male 83
    Female 106
Smoking history 
    NA 1
    Never-smoker 112
    Ex-smoker 50
    Current-smoker 26
P category 
    I 101
    II 47
    III 37
    IV 4
T category 
    X 1
    1 51
    2 89
    3 35
    4 13
N category 
    X 1
    0 147
    1 17
    2 24
M category 
    0 185
    1 4
Cell type 
    Adenocarcinoma 173
    Squamous cell carcinoma 12
    Adenosquamous carcinoma 2
    Small cell carcinoma 1
    Atypical carcinoid 1
Vascular invasion 
    NA 3
    (–) 175
    (+) 11
Lymphatic invasion 
    NA 3
    (–) 146
    (+) 40
Perineural invasion 
    NA 3
    (–) 180
    (+) 6
(Continued)
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staging were performed according to the 8th American Joint 
Committee on Cancer Staging Manual. All FFPET sections 
were evaluated by pathologist to confirm tumor histology. 
The current study was approved by the institutional review 
board of Samsung Medical Center. All patients provided 
written informed consent for the procurement of tumor 
specimens.

Patients with stage Ib-IIIa disease who require postopera-
tive adjuvant chemotherapy were selected for clinical vali-
dation. The additional selection criteria were minimal smok-
ing history and tumor locations in the periphery. In total 195  

patients were enrolled blindly before surgery (no knowledge 
on the nature of the tumors [malignant vs. benign], includ-
ing cell types). Six patients were excluded from the study. 
Among them, five patients had benign lesions, which were 
confirmed via intraoperative frozen biopsy using wedge-
resected specimens. Further, one patient withdrew from the 
study. Based on clinical practice in Samsung Medical Center, 
FFPE samples were prepared from the tumor specimens. 
FFPET slides were prepared, and the tumor contents were 
determined by histological examination using hematoxylin 
and eosin staining at the pathology department of Samsung 
Medical Center (S2 Table). A sufficient amount of DNA was 
isolated from the FFPE samples, which were divided into 
three aliquots (one for the cobas assay, another for the ADPS 
assay, and the other for the NGS-based multiplex mutation 
assay if necessary). The whole assay procedure was per-
formed blindly. That is, the service providers of the cobas 
assay and ADPS assays were blinded from each other, and 
from the identification of clinical samples.

6. EGFR mutation analyses
Tissue specimens were collected and prepared as FFPET  

samples. gDNA was extracted from FFPET using the QIA-
amp DNA FFPE Tissue Kit (Qiagen) for EGFR mutation 
analysis using the ADPS assay and cobas assay (Roche  
Molecular Systems, Pleasanton, CA). In total 50 ng of gDNA 
was diluted to 10 ng/μL or 2 ng/μL for the ADPS and cobas 
reactions. ADPS reactions were run in the 7500 Fast Real-
Time PCR System (Applied Biosystems), and cobas reactions 
were run in the cobas 4800 system (Roche Molecular Sys-
tems, Pleasanton, CA). Both assays were performed accord-
ing to the manufacturer’s protocols.

7. NGS-based CancerSCAN analysis of discrepant results
NGS-based CancerSCAN analysis, originally designed 

at Samsung Medical Center in 2015 [8], was performed to 
analyze discrepant results between the ADPS assay and the  
cobas assay. CancerSCAN has processed more than 50,000 
tests, and has acquired certification from the College of 
American Pathologists with a strict quality management 
system complying with the International Organization for 
Standardization (ISO) guidelines (ISO/TS 22692:2020 Health 
informatics - Quality control metrics for DNA sequenc-
ing). The CancerSCAN panel was designed to sequence 375 
cancer-related genes. Further, 250 ng of genomic DNA was 
fragmented using the S220 Focused-ultrasonicator (Covaris, 
Woburn, MA), and target-capture was performed with the 
SureSelectXT Reagent Kit, HSQ (Agilent Technologies, Santa 
Clara, CA) according to the manufacturer’s instruction.

After enrichment of exome libraries, they were sequenced 
in the HiSeq 2500 system (Illumina, San Diego, CA). Briefly, 

Cancer Res Treat. 2024;56(1):81-91

A
Mutant-specific primer

Dual-labeled probe

Template Normal primer

5’

5’
3’ 5’

5’
3’

Ex19Del
(29 targets)

Ex20Ins
(5 targets)

G719X
(3 targets)

L858R
(2 targets)

F Q

F Q

F Q

F Q

B

MMX1
MMX2
MMX3
MMX4

FAM

S768I
T790M
L861Q

Ex20Ins

CFO 560

Ex19Del

G719X
L858R

QS 670

IC
IC
IC
IC

Fig. 1.  Multiplex strategy to detect multiple epidermal growth 
factor receptor (EGFR) mutations. (A) To detect Ex19Del, Ex20-
Ins, G719X and L858R that have multiple variant alleles, as 
many allele-specific primers were designed, but with a common 
florescent probe. (B) EGFR mutations are grouped into seven 
mutation groups and the four reaction master mixes with inter-
nal controls. CFO 560, CAL Flour Orange 560 (compatible dye 
of HEX); F, fluorophore (red: CFO 560; green: FAM); IC, inter-
nal control; MMX, master mix; Q, quencher; QS 670, Quasar 670 
(Compatible dye of CY5).
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Fig. 2.  Sensitivity using genomic DNA from epidermal growth factor receptor (EGFR)–mutant cell lines. (A) Seven standard amplification 
curves of EGFR mutation groups. As templates, 99 ng of gDNA blend with mutant allele fraction (MAF) ranging from 25.6% to 0.1% were 
used. △Rn is the difference of Rn (fluorescence signal of reporter probe normalized to that of reference dye) between the experimental 
versus baseline signal.  (Continued to the next page)

Il-Hyun Park, ADPS-Based Novel EGFR Mutation Assay in NSCLC



86     CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2024;56(1):81-91

Ct

26

25.66.40.40.1 1.6

28

32

34

30

MAF (%)

Ex19Del
Slope: –3.548

R2: 0.992

B

Ct

26

25.66.40.40.1 1.6

28

32

34

30

MAF (%)

S768I
Slope: –3.416

R2: 0.998
Ct

24

26

25.66.40.40.1 1.6

28

32

30

MAF (%)

T790M
Slope: –3.103

R2: 0.998

Ct

26

25.66.40.40.1 1.6

28

32

36

34

30

MAF (%)

L861Q
Slope: –4.066

R2: 0.986

Ct

26

25.66.40.40.1 1.6

28

32

34

30

MAF (%)

Ex20Ins
Slope: –3.378

R2: 0.998

Ct

26
25.66.40.40.1 1.6

28

32

36

34

30

MAF (%)

G719S
Slope: –4.235

R2: 0.993

Ct

24

25.66.40.40.1 1.6

26

28

30

MAF (%)

L858R
Slope: –3.390

R2: 0.998
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x axis.



VOLUME 56 NUMBER 1 JANUARY 2024     87

paired-end DNA sequencing libraries were prepared via 
gDNA shearing, end-repair, A-tailing, paired-end adaptor 
ligation and amplification. After hybridization of the librar-
ies with bait sequences for 27 hours, the captured libraries 
were purified and amplified with an index barcode tag, and 
the quality and quantity of library were analyzed. The exome 
libraries were sequenced using the 100 bp paired-end mode 
of the TruSeq Rapid PE Cluster Kit and the TruSeq Rapid SBS 
Kit (Illumina). Sequence reads were mapped to the human 
genome (hg19) using the Burrows-Wheeler Aligner. Dupli-
cated read was removed with Picard and SAMtools, and  
local alignment was optimized with the Genome Analysis 
Tool Kit (GATK). Variant calls for SNVs, small indels, copy 
number variations, and gene fusion in the targeted regions 
were analyzed.

Results

1. Development of ADPS-based EGFR mutation assay 
The ADPS technology is a type of allele-specific quantita-

tive polymerase chain reaction, where the ADPS Smart DNA 
polymerase significantly improves allele-discrimination. 
In developing the EGFR mutation assay system, the cobas 
EGFR Mutation Test v2 (Roche Diagnostics, Basel, Switzer-
land) which is the standard for EGFR mutation detection 
worldwide, was used as a reference model. To detect sev-
eral targeted EGFR mutations including SNV, insertion, and  
deletion, we designed allele-specific primers correspond-
ing to the types and sequences of each mutation and con-
firmed the efficiency of the primer based on our previous 
study [12]. The ADPS assay and cobas assay comprise four 
and three multiplexes, respectively, that can detect 42 EGFR 
mutations, classified into seven mutation groups, including 
drug-response groups (such as Ex19Del, L858R, and T790M). 
Meanwhile, the cobas assay was designed and generated 
amplicons of 104-143 bp, the ADPS assay produced shorter 
amplicons of 61 to 104 bp which might amplify partially 
degraded gDNA from FFPE specimen more efficiently. To 
detect the seven mutation groups present in exons 18-21 of 
EGFR with different fluorescent signals, S768I, T790M, and 
Ex20Ins present in exon 20 of EGFR must be configured to 
react in different tubes. rs1050171 (A/G), a single nucleo-
tide polymorphism (SNP), exists at an adjacent position to 
T790M, and the presence or absence of the SNP might affect 
the amplification. To prevent this phenomenon, probes corre-
sponding to two types of sequences were designed and used. 
In case of mutation groups such as Ex19Del, Ex20Ins, G719X, 
and L858R, each mutation-specific allele-specific primer 
was designed with a common dual-labeled oligonucleotide 
probe, since there are two or more types of mutations (Fig. 1).

2. Analytical performance of ADPS-based EGFR mutation 
assay

Cell line gDNA containing mutated EGFR was used to 
confirm the validity of the constructed EGFR multiplex  
assay. The samples were diluted to 25.6%, 6.4%, 1.6%, 0.4%, 
and 0.1% mutant allele fraction (MAF) for each EGFR muta-
tion, and the linearity between MAF and Ct was confirmed 
using the EGFR multiplex assay (Fig. 2). In the seven targets 
tested, linearity was validated in all sections from 25.6% to 
0.1% (0.986 ≤ R2 ≤ 0.998). Hence, this assay had a high sensi-
tivity and specificity.

To evaluate the analytical performance of the ADPS assay, 
reference standard materials in FFPE format were used (Hori- 
zon Discovery). The LoD, defined as the lowest concentra-
tion detected in > 95% of 24 replicates, were 0.01% for S768I, 
L861Q, and Ex20Ins, 0.02% for L858R, 0.05% for Ex19Del and 
T790M, and 0.2% for G719S (S3 Table) where 0.01% indicate 
three copies of EGFR-mutated DNA among 30,000 copies of 
total DNA. This result was consistent to the result using plas-
mid (S4 Fig.).

3. Performance of ADPS assay using clinical specimens
The accuracy of ADPS multiplex EGFR mutation assay was 

further investigated using clinical samples via a prospective 
blinded study. In total 189 patients were analyzed using the 
assays (Table 1). For comparative evaluations of various plat-
forms with a plenty amount of samples, we selected stage 
Ib-IIIa resected tissues, and used FFPET samples prepared 
for the standard cobas assay. Tumor specimens analyzed  
using the ADPS assay and the cobas assay, generated high-
ly congruent results: EGFR mutations were identified in 95 
specimens (50.3%) using the ADPS assay, and 100 specimens 
(52.9%), using the cobas assay. L858R was the most prevalent 
mutation detected in both assays, and the combined frequen-
cies of Ex19Del and L858R were 91.6% (ADPS assay) and 
90.0% (cobas assay), respectively. Using the cobas assay as a 
reference model, the positive percent agreement was 95.0% 
(88.7%-98.4%), the negative percent agreement was 100.0% 
(95.9%-100.0%) and overall percent agreement was 97.4% 
(93.9%-99.1%). Cohen’s Kappa value was 0.95 (0.88-0.98), 
indicating considerably high agreement between the two  
assays (Table 2). The five discrepant samples listed in Table 2 
were categorized based on the presence or absence of EGFR 
mutations in each specimen. For example, in the case of spec-
imen CT-003, the ADPS assay detected only Ex19Del, while 
the cobas assay detected both Ex19Del and Ex20Ins. Since 
both assays detected an EGFR mutation, they were classified 
as a match. It should be noted that these differ from the 10 
discrepancies in specific mutations that are discussed below.

Il-Hyun Park, ADPS-Based Novel EGFR Mutation Assay in NSCLC
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4. Concordance and discrepancies between the ADPS assay 
and the cobas assay

There were 10 discrepant results between the ADPS assay 
and the cobas assay, despite an overall percent agreement 
of 97.4%. All 10 discrepancies were reproduced in repeated  
assays. 

Next, to resolve the discrepancies in these 10 samples, the 
reserved third aliquots of DNA were used for CancerSCAN. 
Although CancerSCAN cannot be considered a definitive 
answer, it might be a highly qualified referee with a high reli-
ability [8,9]. According to CancerSCAN results, the ten dis-
crepant cases were grouped into three categories (Table 3). 
Both the ADPS assay and CancerSCAN did not detect any 
mutation in subset I (n=7/10). Hence, they might be false-

positives of the cobas assay: The cobas assay showed that 
two cases (case number CT-120 and CT-135) were positive for 
L858R, and another two cases (CT-003 and CT-156) positive 
for Ex20Ins, and additional three cases (CT-040, CT-063, and 
CT-089) positive for Ex19Del. Interestingly, in CT-040 and 
CT-089, the cobas assay detected deletion in exon 19, where-
as the CancerSCAN detected insertion (p.I740_K745dup, 
c.2217_2234dup) in exon 19. By virtue of these results, treat-
ment option was changed from EGFR-TKI to none in five 
cases where no additional TK activating mutation (Table 3).

The ADPS assay detected ultra-low MAFs of 0.02% and 
0.06% (CT-166 and CT-214, respectively) in two samples 
of subset II. Meanwhile, both the cobas assay and Cancer-
SCAN had negative results. When the raw sequencing data 

Table 2.  Correlation between ADPS and cobas assays

                                                Cobas  
Total

 Positive Negative

ADPS
    Positive   95   0   95
    Negative     5 89   94
    Total 100 89 189
PPA (95% CI, %)  95.0 (88.7-98.4)
NPA (95% CI, %)  100.0 (95.9-100.0)
OPA (95% CI, %)  97.4 (93.9-99.1)
Cohen’s kappa (95% CI)  0.95 (0.88-0.98)
Combined frequencies of Ex19Del and L858R  91.6% (ADPS assay) and 
  90.0% (cobas assay)

ADPS, allele-discriminating priming system; CI, confidence interval; NPA, negative percent agreement; OPA, overall percent agreement; 
PPA, positive percent agreement.

Table 3.  Discrepancies resolved by NGS-based CancerSCAN

                             ADPS                         Cobas  NGS CancerSCAN Treatment optiona)

Subset Subject ID
 Determination Mutation Determination Mutation (mutation) (additional mutation)

I CT-003 Negativeb) - Positive Ex20Ins Negative No change (Ex19Del)  
 CT-040 Negative - Positive Ex19Del Negatived) Changed
 CT-063 Negative - Positive Ex19Del Negative Changed
 CT-089 Negative - Positive Ex19Del Negatived) Changed
 CT-120 Negative - Positive L858R Negative Changed
 CT-135 Negative - Positive L858R Negative Changed
 CT-156 Negativec) - Positive Ex20Ins Negative No change (L858R)
II CT-166 Positive   S768I (0.02%) Negative - Negative No change
 CT-214 Positive L858R (0.06%) Negative - Negative No change
III CT-190 Positive L858R (0.38%) Negative - Positive (L858R) No change
ADPS, allele-discriminating priming system; EGFR, epidermal growth factor receptor; NGS, next generation sequencing; TKI, tyrosine 
kinase inhibitor. a)From EGFR-TKI treatment to no treatment, b)Ex20Ins was negative in the ADPS assay, but Ex19Del showed a positive 
result in both ADPS and cobas assays, c)Ex20Ins was negative in the ADPS assay, but L858R showed a positive result in both ADPS and 
cobas assays, d)Additional mutation of Ex19Ins (p.I740_K745dup; c.2217_2234dup).
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from CancerSCAN was examined, mutation reads in the 
two-point mutations (S768I and L858R) in CT-166 and CT-
214 were observed at low frequency, thereby increasing the 
possibility that the MAF was extremely low to be detected  
using either the cobas assay or CancerSCAN. The last subset 
III (CT-190) had a MAF of 0.38%, which is high enough for 
ADPS assay and CancerSCAN, but not for the cobas assay. 
Therefore, the cobas assay was the only method that did not 
detect it (Table 3).

In eight of 10 discrepant cases, CancerSCAN and the ADPS 
assay generated congruent results, thereby suggesting that 
the cobas assay had false-positive results. In two of 10 cases, 
only the ADPS assay detected ultra-low MAFs (0.02% and 
0.06%), which were significantly lower than the LoD of the 
other two methods. As no other method was qualified to  
detect MAFs in the ranging 0.1% to 0.01%, these two cases 
were classified as unvalidated. These results strongly indi-
cate that the ADPS assay detected EGFR mutations with rela-
tively high specificity and sensitivity.

Discussion

As the clinical efficacy of target-directed therapies has 
been established [15,16,26,27], accurate detection of response 
biomarkers can be life-saving as it can determine whether 
a patient receive life-saving, or unnecessary treatment. Con-
sidering the technical difficulty of detecting rare mutations 
in high background noise, as in fine needle aspiration (FNA) 
biopsy specimens and/or FFPE sections with low tumor cell 
contents, barely representing the whole tumor mass, the first 
step of assay development should focus on enhancing speci-
ficity and sensitivity. 

To increase specificity, the ADPS assay adopted two strat-
egies; enhanced function of DNA polymerase and primer-
probe design. The cobas assay adopts competitive hybridiza-
tion that requires WT blocker [28]. In SuperSelective PCR, 
the mutant-specific primer design is a key factor suppress-
ing non-specific amplification [10,11]. However, the ADPS  
assay does not need WT blocker because ADPS Smart DNA 
polymerase improves the specificity between the primer and 
template. The technological bases of ADPS Smart DNA poly-
merase can be summarized as the following [12]: whereas 
WT Taq DNA polymerase helps mismatched 3′ end of the 
primers to bind the template, ADPS Smart DNA polymer-
ase neutralizes this effect by site-specific mutagenesis of  
Arg536 and 660. Although these mutations increase specificity 
between primers and templates, they weaken the enzyme 
binding to the primer-template complex, thereby lower-
ing amplification efficiency. Additional E507K substitution  
mutation induces the enzyme binding to the central region 

of the primer-template complex, which restores the ampli-
fication efficiency. The enhanced specificity between the 
primer and template is the key element in the discriminatory 
power of detecting rare mutations in the presence of excess 
amount of WT DNA templates. There are other factors con-
tributing to the discriminatory power. First, since the short 
primer length or lower Tm by 2°C-4°C, has minimal influ-
ence on ADPS Smart DNA polymerase, primers for EGFR  
assay were designed to increase DCt between the WT and 
the mutant templates. Second, the primer-probe design  
affects the amplification of each mutation due to sequence-
specific binding to the template. Thus, LoDs are dependent 
on target sequences (S3 Table). Third, the amplicon size was 
significantly shorter in the ADPS assay, which might help 
amplify gDNA from FFPE specimens which are often par-
tially degraded.

In this clinical validation study, we could obtain evidence 
of the improved accuracy of ADPS-based assay over the  
assay, most probably due to increased specificity (Table 3). 
That is, in eight of 10 cases, both the ADPS assay and Cancer-
SCAN did not detect any mutation, but cobas assay detected 
various EGFR mutations, which strongly suggests false-
positive results. Conversely, the same data indicate that the 
specificity of the ADPS assay could be as high as that of the 
NGS method. In the management of cancer patients, false-
positives might lead to unnecessary application of wrong 
treatment that can cause serious complications and delay the 
proper treatment. Indeed, the ADPS assay and NGS-based 
CancerSCAN results congruently recommend against EGFR-
TKI treatments in five patients (Table 3). These results sug-
gest that the higher specificity of ADPS assay increased DCt 
value, thereby resulting in enhanced sensitivity. Indeed, in 
two discrepant cases, ADPS detected ultra-rare EGFR muta-
tions with MAFs of 0.02% and 0.06%. However, these data 
could not be validated by NGS-based CancerSCAN whose 
LoD is too high to detect such low MAFs [8,9]. Although 
these results suggested ADPS assay have relatively higher 
accuracy, they do not provide definite proof, or warrant sim-
ilar accuracy in studies using aspiration cytology samples 
where the accuracy is further confounded by intratumoral 
heterogeneity. In other words, unresolved questions are why 
EGFR MAFs are frequently lower than 0.1% in samples with 
over 80% cancer cellularity, and what role do the rare clones 
play during disease progression, and most importantly, 
what clinical merit ADPS assay has, if the targeted therapies 
against the rare clones have minimal benefits to the patients.

Our study focused on detecting EGFR mutations in pati-
ents with NSCLC using FFPET samples. However, it would 
be valuable to investigate the feasibility of detecting EGFR 
mutations in other specimen types—such as FNA or bron-
choalveolar lavage fluid—that are less invasive and better 
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reflect real-time tumor status. Previous studies have shown 
that EGFR mutations can be detected in these types of speci-
mens [29,30]; however, further research is needed to estimate 
the clinical value of detecting EGFR mutations in these speci-
men types among patients with NSCLC.

The ADPS assay utilizes an ADPS Smart DNA polymer-
ase that enhances both specificity and sensitivity. The high 
accuracy and technical ease with no need for a competitive 
blocker distinguish it from other, existing assays. With these 
benefits, the ADPS assay may facilitate the clinical decision-
making process for appropriate treatment.
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