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Abstract. Epidermal growth factor receptor (EGFR) muta‑
tions are the most significant genomic drivers of non‑small 
cell lung cancer (NSCLC) and determine the efficacy of 
EGFR tyrosine kinase inhibitor (EGFR‑TKI) therapy. PCR 
methods are used clinically for the detection of EGFR 
mutations. The Scorpion Amplification Refractory Mutation 
System (Scorpion‑ARMS) and the cobas® EGFR Mutation 
Test v2 (cobas v2) are widely used PCR methods. However, 
those PCR methods only selectively detect the common 
EGFR mutations. The aim of the present study was to 
reveal the true frequency of EGFR mutations in NSCLC by 
investigating EGFR mutations usually undetectable by PCR 
methods by using direct sequencing. A total of 70 Japanese 
patients who underwent lung resection for NSCLC between 
September 2016 and March 2019 were included in the present 
study. Subsequently, PCR methods and direct sequencing 
were performed. In total, 29 mutations were detected by cobas 
v2. In total, 41 patients were identified as EGFR wild‑type by 
cobas v2, among whom direct sequencing detected mutations 
in 3 patients. Subsequent Scorpion‑ARMS was performed in 
the 3 patients in whom direct sequencing detected mutations. 
In total, one exon 21 L858R + G863D compound mutation 
was identified as a L858R single mutation, and two other 
mutations were undetectable. Moreover, 1 patient who was 
‘wild‑type’ on cobas  v2 but ‘EGFR mutation’ on direct 

sequencing developed recurrence after surgery and responded 
to EGFR‑TKI treatment. In present study, the percentage 
of undetectable EGFR mutations by cobas v2 was 9.4% in 
32 mutations. It was inferred that the cause of the discrep‑
ancy in the mutation type (L858R + G863D in exon 21, and 
L858R in exon 21) between cobas v2 and Scorpion ARMS 
was due to the different limit of detection between these two 
PCR methods. In conclusion, the findings of the present study 
suggested that a selective mutation detection method may 
decrease the opportunity of patients with NSCLC to receive 
EGFR‑TKI therapy. Thus, the development of a screening 
test to determine the EGFR status as wild‑type or mutant is 
required for EGFR‑TKI therapy.

Introduction

The presence of epidermal growth factor receptor (EGFR) 
mutations determines the efficacy of EGFR tyrosine kinase 
inhibitor (EGFR‑TKI) therapy in patients with non‑small cell 
lung cancer (NSCLC). EGFR‑TKIs are used as the first‑line 
therapy for advanced NSCLC cases with EGFR muta‑
tions (1‑4). Therefore, detecting these mutations is crucial for 
patients with NSCLC. Previous clinical studies have demon‑
strated favorable outcomes of patients with common mutations 
receiving EGFR‑TKI therapy, such as those with selected 
exon 19 deletions and a L858R point mutation in exon 21 (1‑4). 
In EGFR exons 18‑21, the frequency of common mutations is 
90% among all EGFR mutations. The remaining 10% includes 
uncommon mutations, which are a heterogeneous group of 
molecular alterations (4‑6). The variant mutations consist of 
>400 types, which were registered in Catalogue of Somatic 
Mutation in Cancer database version  84 in 2018  (6). The 
response to EGFR‑TKIs in cases with uncommon mutations 
has been debated, but remains largely unknown at present.

PCR methods are used clinically for the detection of 
EGFR mutations. Two widely used PCR methods have 
been approved as in  vitro diagnostic methods, namely 
the Scorpion Amplification Refractory Mutation System 
(Scorpion‑ARMS; Qiagen therascreen® EGFR; Qiagen, Inc.) 
and the cobas® EGFR Mutation Test v2 (cobas v2; Roche 
Diagnostics). These methods are beneficial for clinical use 
due to their short detection time and cost‑effectiveness. 
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However, these PCR methods only selectively detect certain 
EGFR mutations, such as exon 19 deletions and a L858R 
point mutation in exon 21, and not others (7,8). Therefore, the 
aim of the present study was to identify the frequency of the 
mutations not detected by these PCR methods. To achieve 
this aim, the current study evaluated EGFR mutations using 
PCR methods and direct sequencing.

Patients and methods

Patients. The present study included 70 Japanese patients with 
NSCLC, from whom informed consent was obtained for the 
use of their samples in this research. These patients underwent 
surgical lung resection at the Tokyo Medical University Ibaraki 
Medical Center (Ami, Japan) between September 2016 and 
March 2019 (Table I). A total of 61.4% of the patients were male 
and 38.6% were female. The patient age ranged between 42 and 
84 years. PCR methods and direct sequencing were performed 
to analyze EGFR status in the surgical samples. EGFR‑TKIs 
were administered to the patients who developed NSCLC recur‑
rence after surgery. The protocol of the present study received 
ethics approval from the Institutional Review Board of Tokyo 
Medical University (Tokyo, Japan; approval no. 17‑56).

PCR method as the first EGFR mutation testing method. All 
70 surgical samples were formalin‑fixed and paraffin‑embedded 
(FFPE). This PCR method was performed with cobas v2, 
which is an allele‑specific real‑time PCR system used to iden‑
tify 42 types of EGFR nucleotide mutations in exons 18‑21 
using FFPE NSCLC tissues. According to the package insert, 
cobas v2 requires ≥3.13 ng DNA, which includes 5% mutated 
DNA, to detect the mutation. DNA isolation, amplifica‑
tion/detection and result reporting can be performed in <8 h, 
with up to 30 specimens processed simultaneously (7). DNA 
was subjected to cobas v2 at SRL, Inc.

DNA extraction and direct sequencing analysis as the second 
EGFR testing method. Direct sequencing was performed to 
further analyze the presence of EGFR mutations in the FFPE 
surgical samples determined as wild‑type EGFR by cobas v2. 
Tumor cells were harvested via macrodissection, and DNA 
was extracted from tumor cells using a DNeasy Tissue kit 
(Qiagen, Inc.). PCR was performed using a primer set flanking 
exons 18‑21 as the TKI domain. PCR products of different 
sizes were treated with ExoSAP‑IT™ PCR Product Cleanup 
(Thermo Fisher Scientific, Inc.) according to the manufac‑
ture's protocol. The PCR primers were as fllows: Exon 18: 
Forward, 5'‑TGA​GGT​GAC​CCT​TGT​CTC​TG‑3' and reverse, 
5'‑CCT​GTG​CCA​GGG​ACC​TTA​C‑3' (180 nucleotides); exon 19: 
Forward, 5'‑ATG​TGG​CAC​CAT​CTC​ACA​AT‑3' and reverse, 
5'‑CCA​CAC​AGC​AAA​GCA​GAA​AC‑3' (178 nucleotides); exon 
20: Forward, 5'‑ATG​CGA​AGC​CAC​ACT​GAC‑3' and reverse, 
5'‑CCT​TCC​CTG​ATT​ACC​TTT​GC‑3' (238 nucleotides); and 
exon 21: Forward, 5'‑GCA​GGG​TCT​TCT​CYG​TTT​CA‑3' and 
reverse, 5'‑TGA​CCT​AAA​GCC​ACC​TCC​TT‑3' (199 nucleo‑
tides). These kits were used according to the manufacturer's 
instructions. Sequencing analysis was performed using an 
Applied Biosystems™ 3130xl Genetic Analyzer (Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol.

PCR method as the third EGFR mutation testing method. 
Scorpion‑ARMS, which is a real time‑PCR assay that 
combines the ARMS and Scorpions fluorescent primer/probe 
system, was performed to further validate the samples shown 
as ‘wild‑type’ on cobas v2 but ‘EGFR mutations’ on direct 
sequencing. Scorpion‑ARMS can detect 29 somatic mutations 
in exons 18‑21 of EGFR. The limit of detection (LOD) is 
~1% (8). DNA was subjected to Scorpion‑ARMS at SRL, Inc.

EGFR‑TKI treatment for NSCLC recurrence after surgery. 
EGFR‑TKIs were administered to patients who developed 
recurrence after surgery. The determination of the efficacy 
of EGFR‑TKI therapy was based on the Response Evaluation 
Criteria in Solid Tumors (RECIST) (9) using CT, and Positron 
Emission Tomography (PET) Response Criteria In Solid 
Tumors (PERCIST)  (10) using fluorodeoxyglucose (FDG) 
uptake on PET/CT. The cases with partial or complete response 
were confirmed through changes of tumor measurements, 
according to RECIST. The cases with complete metabolic 
response were confirmed using the 100% standardized uptake 
value (SUV) normalized to lean body mass (LBM) decline, 
according to PERCIST. In PERCIST, the LBM‑corrected SUV 
(SUL) is proposed as a more appropriate quantitative method. 
Fat contributes to body weight (BW), and the accumulation of 
FDG and the SUV are affected by BW. The SUL was calculated 
according to the Janmahasatian formula (11). Stable disease 
was defined as fulfilling the criteria for ≥8 weeks following the 
start of EGFR‑TKI therapy. Patients receiving treatment for 
>4 weeks were considered as assessable, and patients who had 
received EGFR‑TKI therapy for <4 weeks were considered as 
non‑assessable.

Results

EGFR mutation status. The first PCR method, cobas v2, 
detected 29 mutations among all 70 patients with NSCLC. The 
remaining 41 patients were identified as NSCLC with EGFR 
wild‑type by cobas v2, among whom direct sequencing as the 
second EGFR mutation testing method detected mutations 
in 3 patients (Table II). These 3 cases were validated using 
Scorpion‑ARMS as the third EGFR mutation testing method. 
L858R + G863D compound mutations in direct sequencing 
(Fig. 1) were identified as a L858R single mutation, and the 
others were identified as wild‑type by Scorpion‑ARMS. 
Thus, two mutations were undetectable by both PCR methods 
(Table II).

EGFR‑TKI treatment for NSCLC recurrence after surgery. 
Among the 32 patients with EGFR mutations, EGFR‑TKIs 
were administered to 3 patients with postoperative recurrence. 
In total, one patient with an exon 19 deletion detected by 
cobas v2 partially responded to osimertinib (third‑generation 
EGFR‑TKI), according to RECIST. Another patient with 
exon 21 L858R + L861Q detected by cobas v2 was treated 
with gefitinib (first‑generation EGFR‑TKI) but was not 
deemed as assessable due to the development of an adverse 
event (interstitial lung disease). The other patient with exon 21 
L858R + G863D detected by direct sequencing responded to 
afatinib (second‑generation EGFR‑TKI); this was the case 
shown as ‘wild‑type’ on cobas v2 but ‘EGFR mutation’ on 
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direct sequencing. At recurrence, SUL was >5.0 in the right 
supraclavicular lymph node and the right pleural dissemina‑
tion, as detected via PET/CT (Fig. 2A and B). Moreover, the 
level of carcinoembryonic antigen (CEA), a tumor marker of 
lung adenocarcinoma, was increased to 28.3 ng/ml (normal 

reference value <5.0  ng/ml). After EGFR‑TKI therapy, 
a complete metabolic response was observed, as evident 
by the FDG uptake on PET/CT, according to PERCIST 
(Fig. 2C and D), and CEA levels decreased to 4.3 ng/ml, which 
was within the normal range.

Table I. Background information of the 70 patients with non‑small cell lung cancer.

Variables	 Total, n (%)

Age, years [median (range)]	 71 (42‑84)
Sex, male/female 	 43 (61.4)/27 (38.6)
Histology, ADC/SCC/LCC/PC	 61 (87.1)/6 (8.6)/1 (1.4)/2 (2.9)
Pathological stage, 0/I/II/III/IV	 5 (7.1)/41 (58.6)/14 (20.0)/5 (7.2)/5 (7.1)
Smoking status, never/former + current	 26 (37.1)/44 (62.9)

ADC, adenocarcinoma; SCC, squamous cell carcinoma; LCC, large cell carcinoma; PC, pleomorphic carcinoma.

Table II. Information on 32 EGFR mutations.

Exon/amino acid	 No.	 cobas v2	 Direct sequencing	 Scorpion ARMS

Exon 18				  
  G719X	 1	 1		
Exon 19 deletion	 12	 12		
Exon 20				  
  H773_V774 ins TH	 1	 Wild‑type	 1	 Wild‑type
Exon 21				  
  L833V + H835L	 1	 Wild‑type	 1	 Wild‑type
  L858R	 14	 14		
  L858R + L861Q	 1	 1		
  L858R + G863D	 1	 Wild‑type	 1	 L858Ra

  L861Q	 1	 1		
Total EGFR mutations	 32	 29	 3	 1

aL858R + G863D was identified as L858R by Scorpion‑ARMS. EGFR, epidermal growth factor receptor; ins, insertion; Scorpion‑ARMS, 
Scorpion Amplification Refractory Mutation System; cobas v2, cobas® EGFR Mutation Test v2.

Figure 1. Sequence chromatogram showing the L858R + G863D compound mutation in EGFR exon 21. The amino acid changes corresponded to the codon 
alternations as follows: L858R (CTG→CGG) in exon 21; G863D (GGT→GAT) in exon 21.
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Discussion

Previous studies have shown that PCR methods are unable to 
detect 10% of all EGFR mutations (4‑6). In the present study, 
the rate of undetectable mutations was 9.4% (3/32) when 
using cobas v2, and this result was similar to that reported 
by previous studies (4‑6). Among the undetectable mutations 
with cobas v2, the L858R + G863D compound mutation was 
detected by direct sequencing, and was identified as a single 
L858R mutation by Scorpion‑ARMS; this was a patient with 
invasive adenocarcinoma, a cancer type that was solid enough 
to be analyzed by PCR methods. It was found that L858R was 
selected in cobas v2 and Scorpion‑ARMS methods, while 
G863D was not selected in either method. It was suggested 
that the detection of L858R depended on the difference in the 
LOD between cobas v2 and Scorpion‑ARMS. Moreover, the 
LOD of L858R in cobas v2 was 4.0‑5.3 when using the cobas® 
EGFR Mutation Test v2 for in vitro diagnostic use, as per 
the description provided by Roche Diagnostics, whereas that 
in Scorpion‑ARMS was 1.26, as shown in the therascreen® 
EGFR RGQ PCR Kit Handbook from Qiagen, Inc.

The reason why only Scorpion‑ARMS could detect 
L858R in this case was likely because the LOD of L858R in 
Scorpion‑ARMS was lower than that in cobas v2.

Mutations that were detected by direct sequencing but not 
by Scorpion‑ARMS in the present study, including H773_V774 
ins TH in exon 20, L833V, H835L and G863D in exon 21, were 
not selected by Scorpion‑ARMS, which is why this method was 
unable to detect these mutations. The cases with H773_V774 
ins TH in exon 20 and L833V + H835L compound mutation 
in exon 21 did not develop recurrence. Thus, the efficacy of 
EGFR‑TKIs against these mutations was not assessable.

Recently, next generation sequencing (NGS) has been 
used for the comprehensive detection of gene mutations. The 
types of selected genes and mutations depend on each NGS 
package. Moreover, NGS is not a type of whole genome or 
exon sequencing (12). FoundationOne CDx is one of the most 
widely used NGS methods, and its LOD for EGFR mutations 
is 2.4‑5.1%, as per the ‘Technical Information’ description 
provided by Foundation Medicine, Inc.

In a previous study, the frequency of compound mutations, 
including L858R, was found to be higher than other types of 
mutations, and compound mutations have properties that may 
be associated with poor clinical outcome compared with simple 
mutations (13). The present study identified two compound 
mutations, including L858R, and one that was detected by 
direct sequencing was identified as a single L858R mutation 
by Scorpion‑ARMS (Table  II). It was suggested that some 

Figure 2. Response to EGFR‑TKI therapy as determined by the fluorodeoxyglucose uptake (arrowheads) on positron emission tomography/CT in a case shown 
as ‘wild‑type’ on cobas v2 but as ‘L858R + G863D compound mutation’ on direct sequencing. Prior to EGFR‑TKI therapy, the pathological diagnosis was 
adenocarcinoma with T2aN2M0 stage IIIA after the surgery. (A) and (B) were performed prior to TKI therapy. The SUL was (A) 5.9 in the right supracla‑
vicular lymph node and (B) 6.9 in the right pleural dissemination prior to therapy. (C and D) These SUL values declined with EGFR‑TKI therapy. SUL, lean 
body mass corrected standardized uptake value; TKI, tyrosine kinase inhibitor.
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cases with a single L858R mutation identified by selective PCR 
methods may harbor a compound mutation containing L858R. 
Furthermore, a previous study revealed that NSCLC cases 
with tumors harboring exon 19 deletions had a longer survival 
compared with those harboring L858R during EGFR‑TKI 
therapy (4). In this previous study, the response in L858R cases 
may include those with a L858R compound mutation.

A previous post hoc analysis combining phase III studies 
suggested that second‑generation EGFR‑TKIs were effective 
in patients with uncommon mutations, particularly those 
involving point mutations or duplications in exons 18‑21 (5). 
Cases with uncommon mutations in the present study, 
including undetectable mutations by cobas v2, such as the 
L858R + G863D compound mutation, showed a response to 
second‑generation EGFR‑TKI therapy. In the present study, 
among 32 patients with EGFR mutations, 3 patients received 
EGFR‑TKI treatment for recurrence after surgery. Of those 
3  patients, 1  patient partially responded to osimertinib; 
1 patient was treated with gefitinib, but was not assessable due 
to the adverse events; and 1 patient responded to afatinib. The 
statistical significance of findings such as overall response in 
the present study was difficult to analyze due to the limited 
sample size.

The results of the present study suggested that EGFR 
testing using a selective method may result in patients with 
uncommon mutations, including those with compound muta‑
tions, missing the opportunity to receive EGFR‑TKI therapy. 
As there are numerous variants of EGFR mutations, it is 
difficult to evaluate the response rate to EGFR‑TKI therapy, 
with regards to each uncommon mutation. However, there is 
the possibility that cases with these mutations will respond 
to treatment. However, direct sequencing, including that of 
whole exons 18‑21, is not appropriate for clinical use in all 
patients with NSCLC, due to the long detection time and high 
cost. Thus, a suitable screening test should be compatible with 
diverse EGFR mutations, including compound mutations, and 
have a lower LOD for EGFR‑TKI therapy.

In conclusion, the present study demonstrated that certain 
mutations that were not selected by PCR methods were detect‑
able by direct sequencing, including cases of mutations that 
responded to EGFR‑TKI therapy. A suitable screening test 
should be compatible with diverse EGFR mutations, in order 
to avoid losing the opportunity of patients with uncommon 
mutations to receive EGFR‑TKI therapy.
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