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SUMMARY
Background: EGFR mutational testing is crucial for advanced non-squamous NSCLC. PAP is a sensitive and selective method to detect rare mutations.
Methods: Eighty-five patients with non-squamous NSCLC were enrolled in this study. A set of paired plasma samples from each patient were collected and detected by PAP and ARMS.
Results: Of 85 paired samples, 78.8% (67/85) presented the same mutational status by the two methods. There was
no statistically significant difference between the mutation frequencies in plasma samples detected with PAP and
ARMS (p = 0.096).
Conclusions: PAP technology appears to be an alternative choice with relatively high sensitivity for the detection
of plasma EGFR mutations.
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INTRODUCTION

MATERIALS AND METHODS

Non-small-cell lung cancer (NSCLC) accounts for
about 85% of lung cancer [1] and remains the main
cause of mortality among patients with cancer worldwide [2]. Currently patients with NSCLC, especially for
the non-squamous subtype [3], are strongly recommended to have genetic analysis, which is associated
with the efficacy of targeted therapy, according to clinical guidelines. Epidermal growth factor receptor
(EGFR) mutations are the first discovered mutations in
NSCLC and show relatively high frequencies in Asian
patients [4,5]. Therefore, it is of great importance to detect the EGFR mutations with available methods from
samples including tissue biopsy, peripheral blood, pleural effusion, and so on. Conventionally, tissue specimens were utilized as the primary source for mutational
testing. However, the majority of NSCLC patients did
not have enough tissue samples or cytological samples,
even in well-designed studies [6,7]. Faced with these
limitations, liquid biopsy emerged as a surrogate source
and represented a fundamental tool. Circulating free
DNA (cfDNA) in the blood was discovered 7 decades
ago [8]. In recent years, the values of cfDNA have been
widely explored as a noninvasive means for predicting
response and resistance to EGFR inhibitors [9-11].
Nowadays, plasma cfDNA has been approved for genetic analysis with high specificity [12].
A variety of methods can be used for mutational testing
in cfDNA, e.g., high-resolution melt (HRM) analysis,
next-generation sequencing (NGS), multiplexed realtime reverse transcription (RT)-PCR based assays [13].
Nowadays the following methods are commonly utilized: ARMS, droplet digital PCR (ddPCR) and NGS.
With limitations in clinical practice, there is no standardized method for cfDNA isolation and analysis.
Here, we examined the value of a method, namely PAP,
in EGFR mutation testing. PAP is a sensitive and selective method for DNA amplification to detect rare mutations. In this method, DNA polymerization and its reverse reaction, pyrophosphorolysis, are serially coupled
by polymerase. By pyrophosphorolysis, activable oligonucleotides which blocked at 3' terminal are removed,
allowing extension to occur. In theory, PAP has a potential analytical selectivity of 3.3 x 1011 [14] (Figure 1).
In this study, PAP was assessed by detecting EGFR mutations including 19Del and L858R, which were sensitive mutations and accounted for 85% ~ 90% EGFR
mutations. The T790M mutations were also involved
because its meaning and frequency in acquired resistance to EGFR-tyrosine kinase inhibitors (EGFR-TKIs)
therapy [15]. To evaluate the clinical performance of
PAP, the conventional ARMS served as a standard
method for comparison.

Study population
This was a prospective study approved by the Ethics
Committee of the Cancer Institute and Hospital of Tianjin Medical University (Approval number: E2018086).
Eighty-five patients with non-squamous NSCLC were
enrolled between March 2016 and June 2017. All participants provided informed consent prior to study entry. Peripheral blood from these patients was collected
and relevant information was obtained including age,
gender, smoking history, and disease staging. Patients
were excluded from the study if pregnant and those who
were aged under 18 or over 75 years were also excluded
from this study. TNM staging was done according to
the 8th Edition of the TNM Classification [16]. The
characteristics of 85 patients in this study are shown in
Table 1.
Sample collection
A set of paired blood samples from each patient were
collected into 2 tubes with EDTA-K2 anticoagulant
(10 mL purple-capped). All samples were processed at
room temperature within 2 hours from the time of blood
extraction. Plasma was separated from the cellular fraction by centrifugation (Eppendorf centrifuge 5810R) at
1,500 g/4°C for 10 minutes. The supernatant was collected and transferred into 1.5 mL Eppendorf tubes.
Then plasma was frozen at -80°C until cfDNA extraction. For extraction, samples were thawed at 4°C and
then were centrifuged at 5,000 g for 20 minutes to ensure that impurities of the supernatant were removed.
cfDNA of all samples was isolated with Human Plasma
Circulating Nucleic Acid Extraction Kit (GENETIC
BIOTEK Co., Ltd, Tianjin, China).
EGFR mutation assessment
Here, EGFR mutations in cfDNA including 19Del,
L858R, T790M, and wild-type were detected by PAP
technology with EGFR Mutations Detection kit (based
on real-time PAP nucleic acid amplification) (GENETIC BIOTEK Co., Ltd, Tianjin, China). In addition, plasma EGFR mutations were detected by ARMS, which
served as a routine method, with the Human EGFR
Gene Mutations Fluorescence PCR Diagnostic Kit
(ADx-ARMS®, Amoy Diagnostics Co., Ltd, Xiamen,
China), which had passed ISO13485 QMS and obtained
CE certification and CFDA registration.
Mutation-specific primers were used for target amplification. The mutant amplicons were detected with a novel fluorescent probe with which even 1% mutant DNA
in the background of wild type genomic DNA could be
detected.
PAP was conducted with the conditions as follow: preincubation at 96°C for 2 minutes, first-round amplification (96°C for 12 seconds, 64°C for 30 seconds, followed by 68°C for 60 seconds) for 40 cycles, followed by a
temperature increasing program from 68°C to 95°C by
0.5°C every 5 seconds. As for ARMS, the following
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Table 1. Characteristics of 85 patients.

RESULTS

Characteristic

Value

Age (years), median (range)

62 (32 - 80)

A total of 170 plasma samples from 85 patients were
analyzed. 55% patients were male, 60% had never
smoked, 90.6% had stage IV disease, and 91.8% were
classified as adenocarcinomas. 49.4% could provide tissue samples. 25.9% underwent EGFR-TKI treatment.

Gender, n (%)
Male

47 (55.3)

Female

38 (44.7)

Comparison of the clinical performance of PAP with
ARMS
Both PAP and ARMS were performed to detect the
plasma EGFR mutations in this study. Of 85 paired
samples, 78.8% (67/85) presented the same mutational
status by the two methods. The sensitivity and specificity for plasma EGFR mutation detection by PAP were
53.5% (15/28) and 91.2% (52/57), respectively. There
was no statistically significant difference between the
mutation frequencies of samples detected with PAP and
ARMS (p = 0.096) using McNemar’s test (Table 2).
For 19Del, the sensitivity, specificity, the positive predictive value, and the negative predictive value were
50.0% (8/16), 98.5% (67/68), 80.0% (8/10), and 89.3%
(67/75), respectively. For L858R, the sensitivity, specificity, the positive predictive value, and the negative
predictive value were 66.7% (6/9), 93.4% (71/76),
54.5% (6/11), and 96.0% (71/74), respectively. For
T790M, the sensitivity, specificity, the positive predictive value, and the negative predictive value were
57.1% (4/7), 100% (78/78), 100% (4/4), and 96.3%
(78/81), respectively (Table 3).

Smoking status, n (%)
Never

51 (60.0)

Former

34 (40.0)

Family history, n (%)
Yes

25 (29.4)

No

60 (70.6)
ECOG, n (%)

0

2 (2.4)

1

45 (52.9)

2

38 (44.7)
Histology, n (%)

ADC

78 (91.8)

Non-ADC

7 (8.2)

Stage, n (%)
IIIA

4 (4.7)

IIIB

4 (4.7)

IVA

19 (22.4)

IVB

58 (68.2)

Comparison of inconsistent plasma EGFR status
with tissue status
The paired testing results of 9 patients were included in
the analysis of this part. Inconsistency between the two
methods did exist. Although in plasma samples 21.2%
(18/85) of patients showed different EGFR status by the
two methods, only half of them had a match on the tissue samples after excluding the effects of EGFR-TKIs.
Of note, here EGFR status in tumor tissue was detected
by Sanger sequencing. All these available results were
listed in Table 4. With tumor tissue EGFR as the gold
standard, the concordance rate of ARMS was 66.7%
while that of PAP was 22.2%.

* ADC - adenocarcinoma, Non-ADC - adenosquamous carcinoma,
large cell carcinoma, sarcomatoid carcinoma.

conditions were based on its protocol: pre-incubation at
95°C for 5 minutes, first-round amplification (95°C for
25 seconds, 64°C for 20 seconds, followed by 72°C for
20 seconds) for 15 cycles, followed by second round
amplification (93°C for 25 seconds, 60°C for 35 seconds, followed by 72°C for 20 seconds) for 31cycles.
Data analysis and statistics
McNemar’s test was used to analyze the concordance of
mutant abundance detected by PAP and ARMS. Chisquare test was used to analyze the correlations between
EGFR status and characteristics. All statistical tests
were two sided and results were considered significantly different if p < 0.05. Statistical analysis was performed using SPSS Version 24.0 (IBM Corp., Armonk, NY,
USA).
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Correlations between plasma EGFR mutation load
and characteristics
Since PAP appeared to be a reliable method, further
analysis was performed to detect whether there was a
positive correlation between the EGFR mutation load
and clinical pathological characteristics. As shown in
Table 5, a positive correlation between mutation load
and gender was observed (p = 0.037), indicating that the
rate of detection of EGFR mutations was significantly
higher in female patients than in male cases. However,
no positive correlation between EGFR mutation load
and the other characteristics was found, including smoking status, family history, ECOG and so on.
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Table 2. Concordance of plasma EGFR mutation status between PAP and ARMS.
ARMS

PAP

Total

Mutant

Wild

Mutant

15

5

20

Wild

13

52

65

Total

28

57

85

p

0.096

Table 3. EGFR mutations detected with PAP and ARMS.
PAP

ARMS
19Del

L858R

T790M

19Del + T790M

L858R + T790M

Wild Type

Total

19Del

5

0

0

0

0

2

7

L858R

0

5

1

0

0

4

10

19Del + T790M

0

0

0

3

0

0

3

L858R + T790M

0

0

0

0

1

0

1

Wild Type

7

2

0

1

1

53

64

Total

12

7

1

4

2

59

85

Table 4. Inconsistent plasma EGFR status of 9 patients with paired tissue samples.
Case

EGFR Status
Plasma (PAP)

Plasma (ARMS)

Tissue (Sanger)

1

Wild-type

19Del

19Del

2

Wild-type

19Del

19Del

3

Wild-type

19Del

19Del

4

Wild-type

19Del

19Del

5

Wild-type

L858R T790M

L858R

6

L858R

Wild-type

Wild-type

7

19Del

Wild-type

Wild-type

8

19Del

Wild-type

19Del

9

Wild-type

L858R

Wild-type

only 49.4% of patients provided tissue samples, thus tissue status was not sufficient for genetic analysis. Since
liquid biopsy had already served as common supplement, here plasma samples were mainly collected. Beyond positive mutations, examination of the specificity
of PAP, EGFR wild-type was also included in the cfDNA testing. Moreover, in order to get enough patients
enrolled, patients were not well distinguished based on
EGFR-TKI treatment. However, this factor would be
taken into account when the tissue status was involved
in the analysis, because it was well established that
EGFR resistance mutations might be acquired due to

DISCUSSION
In this single-center study in a real-life setting, we examine the value of PAP for EGFR mutational testing in
advanced non-squamous NSCLC. This became the novel aspect of this study. In addition, we listed the inconsistent plasma EGFR status and made a comparison
with corresponding tissue status.
To design this study, we mainly focused on the assessment of the method PAP in EGFR mutational testing.
As this study was performed in a single center, some inherent limitations were difficult to avoid. In this study,
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Table 5. Correlations between plasma EGFR mutation load and characteristics.
Characteristics

PAP
Mutant

2

p

40
25

4.357

0.037

2.452

0.117

1.412

0.235

-

0.328

-

0.191

-

0.483

Wild-type
Gender

Male
Female

7
13
Smoking Status

Never
Former

5

29

15

36

Yes

8

No

12

Family History
17
48
ECOG
0

1

1

1

12

33

2

7

31
Histology

ADC

20

Non-ADC

0

58
7
Stage

IIIA

2

2

IIIB

0

4

IVA

4

15

IVB

14

44

Figure 1. Schematic representation of the principle of PAP.
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methods may vary according to specific mutation status.
T790M mutation, which is critical for target therapy, is
continuously a concern. To detect EGFR T790M mutation, ddPCR assay has been proven to be more sensitive
than ARMS [24]. This view was supported by similar
studies. Recently, it was reported that T790M mutation
was only identified by NGS and ddPCR but not ARMS,
indicating a disadvantage of ARMS for this resistance
mutation [25]. In this study, only 7 cases carried T790M
mutation identified by ARMS. This resistance mutation
was also identified by PAP. Limited to a small number
of cases, no further analysis was performed. However,
we still believe that it is worth evaluating PAP or other
methods in testing specific mutation status in further investigation with a larger cohort of patients.

EGFR-TKI treatment [17].
As a classic method of mutational testing, PAP differs
from PCR in following ways: necessary substrates,
working principle, mismatch probability, etc. [14].
However, little is known about the difference between
PAP and ARMS in clinical performance. In a previous
study, PAP technology had been developed and validated in testing ultrarare somatic mutations in the human
TP53 gene [18]. Additionally, PAP assay was also utilized in detecting microinsertions/deletions/indels in
non-metastatic breast cancer through monitoring EGFR
mutations [19]. PAP was initially developed to enhance
the specificity of allele-specific PCR for detection of
known mutations in the presence of a great excess of
wild-type allele. The specific oligonucleotides have the
novel and unexpected property of high specificity to
mismatches with the template throughout lengths of the
oligonucleotides. Thus, PAP also can form the basis of
microarray-based scanning or resequencing methods to
detect virtually all mutations. Comparing with ARMS,
we examined the value of PAP in EGFR mutational
testing. In this study, we found that a total of 67
(78.8%) patients presented the same mutational status
by the two methods. There was no statistically significant difference between the mutation frequencies of
plasma samples detected with PAP and ARMS PCR
(p = 0.069). This indicated that the detection of the plasma EGFR through the PAP technology appears to be an
alternative choice with relatively high sensitivity. However, 9 cases (10.6%) of discordant results were found
through the two methods, including both wild-type status and mutant abundance. Among them, two cases
(22.2%) of PAP results were correctly identified according to the tumor tissue results. While for ARMS, 7
cases (77.8%) were consistent with tissue status. Thus,
for these discordant results, PAP showed a relatively
lower sensitivity than ARMS in detecting plasma EGFR
mutations which might be caused by its bypass reaction
[14]. Since PAP appeared to be a reliable method, further analysis was performed to detect whether there was
a positive correlation between the EGFR mutation load
in plasma by this method and the characteristics. A positive correlation between mutation load and gender was
observed, indicating that mutation status was more likely to be detected in female patients by PAP, which was
consistent with previous studies [20,21]. In clinical
practice, PAP may be recommended to be a supplement
for patients, especially female patients, when wild-type
status is identified by another method.
As the standard method, ARMS is utilized as clinical
routine in our center while both NGS and ddPCR are
not commonly utilized. We selected ARMS, which
could detect mutations in tissue samples containing as
little as 1% mutated DNA [22], for this comparative
study. It was reported that an ARMS-based method, socalled ARMS-Plus, had been established and proven to
be a highly sensitive assay in clinical practice [23].
However, the best method to detect plasma EGFR mutations still remains to be explored. The appropriate

CONCLUSION
EGFR mutations including 19Del, L858R, and T790M
could be identified by PAP in cfDNA testing. The investigation results showed that there was no statistically
significant difference in the clinical performances between PAP and ARMS. Our findings indicate that PAP
is a reliable and cost-effective method for the detection
of plasma EGFR mutations.
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