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Introduction:  Clinical  outcomes  in  non-small-cell  lung  cancer  (NSCLC)  patients  with  epidermal  growth
factor  receptor  (EGFR)  mutations  have  been  reported  to be  correlated  with  the use of  EGFR-tyrosine  kinase
inhibitors  (EGFR-TKIs).  Therefore,  it  is essential  to  confirm  the  presence  of  EGFR  mutations  using highly
sensitive  testing  methods.  In this  study,  we  compared  the performance  of  the  cobas® EGFR  Mutation  Test
(cobas  EGFR  assay)  and  the therascreen® EGFR  RGQ  PCR  Kit  (therascreen  EGFR  assay)  for  use  as  an in  vitro
diagnostic  (IVD)  product.
Methods:  We  extracted  DNA  from  150 formalin-fixed,  paraffin-embedded  tissue  samples  from  150
patients  diagnosed  with NSCLC,  and  performed  a  comparative  study  of  the  cobas  EGFR and  therascreen
EGFR  assay  methods.  All  discordant  results  were  re-analyzed  by  direct  sequencing.
Results: The  concordance  rate  between  the cobas  EGFR  assay  and  the therascreen  EGFR  assay  was  98.0%
(145/148).  EGFR  mutations  were detected  at a frequency  of  40.9%  (61/149)  in  NSCLC  specimens  using
the  cobas  EGFR  assay  and  40.2%  (60/149)  using  the  therascreen  EGFR  assay.  Three  discrepant  results  were

found  in  this  study.  Two  double  mutations  were  detected  by  the  cobas  EGFR  assay  but  only  one  in the
therascreen  EGFR  assay.  No  invalid  results  resulted  from  sample  analysis  by  the  cobas  EGFR  assay.
Conclusions:  Our  results  show  a high  concordance  rate  (98.0%)  of  cobas  EGFR  assay  with  an  existing
IVD  product,  the  therascreen  EGFR  assay.  Since  they  are  IVD diagnostic  products,  both  assays  proved  to
be simple,  validated  methods  in  detecting  the  most  common,  clinically  significant  EGFR  mutations  and

ppro
proved  to  be  helpful  for  a

. Introduction

Non-small-cell lung cancer (NSCLC) patients frequently have
ctivating EGFR mutations and respond well to treatment with
mall molecule EGFR-tyrosine kinase inhibitors (TKIs) such as gefit-
nib and erlotinib [1–4]. Both the American Society of Clinical
ncology and the Japan Lung Cancer Society recommend EGFR
utation testing in patients being considered for EGFR-TKI treat-
ent as a first-line therapy [5]. Similar guidelines recommending

esting for EGFR mutations were established by the College of
merican Pathologists, the International Association for the Study
Please cite this article in press as: Kimura H, et al. Analytical performance
cancer. Lung Cancer (2014), http://dx.doi.org/10.1016/j.lungcan.2013.12.01

f Lung Cancer, and the Association for Molecular Pathology [6].
atients’ EGFR mutation status prior to the commencement of treat-
ent impacts outcomes and, as a result, EGFR testing has been
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priate  treatment  guidance  for NSCLC  patients.
© 2014 Elsevier Ireland Ltd. All rights reserved.

developed as a companion diagnostic; this relationship between
therapeutic and diagnostic agents contributes to personalized
healthcare. Recently, it was  reported that about half of patients
who are initially sensitive to EGFR-TKIs may  acquire resistance
to EGFR-TKIs [7] following a period of therapy, mainly as a result
of the appearance of EGFR mutations associated with resistance
to treatment, such as T790M. Indeed, a recent study suggested
that the T790M mutation may  be present in a small proportion
of tumor cells prior to treatment, with the proportion of mutant
alleles increasing gradually during treatment [8]. Similar findings
were observed for exon 20 insertions; that they are usually associ-
ated with primary or de novo resistance to EGFR-TKI therapy [9].
Thus, it is important to re-assess EGFR mutation status during treat-
ment to determine the most appropriate treatment regimens for
 of the cobas EGFR mutation assay for Japanese non-small-cell lung
2

patients.
A number of PCR-based techniques are used in the clinic for

the assessment of EGFR mutations. In Japan, the “Scorpion-ARMS”
therascreen® EGFR Rotor-Gene Q (RGQ) PCR Kit (therascreen EGFR

dx.doi.org/10.1016/j.lungcan.2013.12.012
dx.doi.org/10.1016/j.lungcan.2013.12.012
http://www.sciencedirect.com/science/journal/01695002
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Fig. 1. Assay flow for the cobas EGFR mutation assay. The assay is composed of four steps. Step 1: 5-�m sections are prepared from FFPE tissue. One section is used for H&E
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taining  to assess tumor content and the other section is used for DNA isolation. Ste
s  mixed with reagents after quantification. Step 4: DNA is amplified using the coba

ssay; Qiagen, Hilden, Germany) is the only available in vitro diag-
ostic (IVD) test.

In this study, we compared the performance of the cobas EGFR
ssay and the therascreen EGFR assay using formalin-fixed, paraffin-
mbedded (FFPE) tissue specimens from NSCLC patients.

. Materials and methods

.1. Tissue samples

A series of archived 150 FFPE tissue samples which was  surgi-
ally resected from 150 Japanese patients diagnosed with NSCLC,
ollected between March 2011 and December 2012, was obtained
rom Tokyo Medical University (Tokyo, Japan) and Funabashi Med-
cal Hospital (Funabashi, Japan). All patients enrolled in the study
rovided informed consent for the use of resected tissue. The
tudy was approved by the ethics committee of each participating
nstitute and conducted according to Institutional Review Board
uidelines.

.2. cobas EGFR Mutation Test

The cobas EGFR assay is an allele-specific real-time PCR system
Figure, Supplemental Digital Content 1; Fig. 1) that qualitatively

easures the amplification of DNA to identify 41 mutations in
xons 18–21 of the EGFR gene from 50 ng of DNA derived from
uman FFPE NSCLC tissues (Table, Supplemental Digital Content
). Within each reaction mixture, exon 28 was amplified as an

nternal control. DNA isolation, amplification/detection, and result
eporting can be performed in less than 8 h with up to 30 spec-
mens processed simultaneously. The cobas EGFR assay has fully
utomated results reporting.

.3. Specimen preparation for cobas EGFR assay
Please cite this article in press as: Kimura H, et al. Analytical performance
cancer. Lung Cancer (2014), http://dx.doi.org/10.1016/j.lungcan.2013.12.0

Two FFPE tissue sections of 5 �m thickness were prepared for
his assay. One was used for DNA extraction and the other was used
o confirm the presence of tumor content by hematoxylin and eosin
enomic DNA is isolated using the cobas® DNA Sample Preparation Kit. Step 3: DNA
0 system. Results are automatically reported.

(H&E) staining, which was  performed by a pathologist. Any speci-
men  containing <10% tumor content by area was macrodissected.

2.4. DNA extraction

FFPE tissue specimens were deparaffinized and then DNA
extraction was performed according to the standard procedure
described in the cobas® DNA Sample Preparation Kit (Roche Molec-
ular Systems, Inc., USA) package insert. Briefly, the sample was
incubated for 1 h at 56 ◦C and then for additional one hour at 90 ◦C in
the presence of a protease and chaotropic lysis/binding buffer that
causes the release of nucleic acids but protects released genomic
DNA from degradation by DNase. The amount of genomic DNA was
spectrophotometrically determined and adjusted to a fixed con-
centration of 2 ng/�L.

2.5. PCR amplification and detection

A total of 150 ng of DNA is required for the cobas EGFR assay. Tar-
get DNA was amplified and detected using the cobas® z480 analyzer
(Roche Molecular Systems Inc.) according to the instructions for
the cobas® EGFR Mutation Test, which measures the fluorescence
generated by specific PCR products. All results were automatically
performed by cobas® 4800 software.

2.6. therascreen® EGFR RGQ PCR Kit

The therascreen assay is a real time-PCR assay that combines
the Amplification Refractory Mutation System (ARMS) and Scor-
pions fluorescent primer/probe system. It can detect 29 somatic
mutations in exons 18–21 of EGFR. A maximum of 7 results can be
obtained from one run. The therascreen EGFR assay was performed
according to the manufacturer’s guidelines (Qiagen). Briefly, DNA
was isolated from FFPE tissue samples and the total sample DNA
 of the cobas EGFR mutation assay for Japanese non-small-cell lung
12

assessed by amplifying a region of exon 2 from EGFR by PCR.
Next, the DNA samples were tested for the presence or absence
of EGFR mutations by real-time PCR using a Scorpion probe and
primers specific for wild type and mutant EGFR DNA. The difference

dx.doi.org/10.1016/j.lungcan.2013.12.012


ARTICLE IN PRESSG Model

LUNG-4509; No. of Pages 5

H. Kimura et al. / Lung Cancer xxx (2014) xxx– xxx 3

Table 1
Clinical characteristics of the patients providing surgically resected FFPE samples in
NSCLC.

N = 149

Gender
Male 75
Female 74

Age
Younger than 65 years 42
Older than 65 years 107

Histology
Adenocarcinoma or adeno-squamous cell carcinoma (Ad) 126
Squamous cell carcinoma (Sq) 17
Large cell carcinoma (Ia) 2
Other 4

Smoking history
Smoker 18
Ever smoker 73
Never smoker 56

N

b
C
S
c

2

a
a
1
A
T
3
5
G
G
T
g
f
t
n
“
g
w
M
f
C
u

3

3

w
l
a
p

3

u

Table 2
Methods correlation between mutation findings using the cobas EGFR and
therascreen EGFR assays.

therascreen Total

MD  MND  Invalid

cobas MD  59 2 0 61
MND  1 86 1 88
Invalid 0 0 0 0

Total 60 88 1 149

MD,  mutation detected; MND, mutation not detected.

Table 3
Detailed concordant rate between cobas EGFR and therascreen EGFR assays.

Mutation MD  concordance MND concordance Total concordance

G719X 100% (3/3) 100% (145/145) 100% (148/148)
exon19del 95.7% (22/23) 100% (125/125) 99.3% (146/147)
S768I 100% (1/1) 99.3% (146/147) 99.3% (147/148)
T790M – 99.3% (147/148) 99.3% (147/148)
exon20ins – 100% (148/148) 100% (148/148)
ND  2

D, not determined; N, number.

etween the mutation assay cycle threshold (CT) and control assay
T from the same sample was used to calculate sample �CT values.
amples designated mutation positive if the �CT was less than the
utoff �CT value.

.7. Sanger sequencing

DNA samples obtained from specimens that were discord-
nt between cobas EGFR and therascreen EGFR assays were
mplified using the following site-specific primers: Exon
8 Forward, 5′-TGGAGCCTCTTACACCCAGT-3′, Reverse, 5′-
CAGCTTGCAAGGACTCTGG-3′; Exon 19 Forward, 5′-TCTGGA-
CCCAGAAGGTGAG-3′, Reverse, 5′-CAGCTGCCAGACATGAGAAA-
′; Exon 20 Forward, 5′-CATTCATGCGTCTTCACCTG-3′, Reverse,
′-GTCTTTGTGTTCCCGGACAT-3′; Exon 21 Forward, 5′-
ATCTGTCCCTCACAGCAGGGTC-3′, Reverse, 5′-GGCTGACCTAAA-
CCACCTCC-3′. The fragments were subcloned into the Zero Blunt
OPO vector (Zero Blunt TOPO PCR Cloning Kit; Life Technolo-
ies, USA). Direct sequencing was performed with 100 colonies
rom one specimen by ABI3100 Genetic Analyzer (ABI) using
he BigDye® Terminators v3.1 Cycle Sequencing Kit (Life Tech-
ologies). One mutation detected in 100 results was  classed as
Mutation Detected” in this study. This assay required 1 �g of
enomic DNA from specimens. Sanger sequencing was  performed
ith the specimen that resulted double mutation (L858R and
790M) from cobas EGFR assay but single mutation (L858R)

rom therascreen EGFR assay at Mitsubishi Chemical Medicine
orporation followed by daily routine. The sequencing result was
sed as Golden standard.

. Results

.1. Study population

A series of 150 FFPE tissue samples from patients diagnosed
ith NSCLC was examined. One specimen was excluded owing to a

ack of a completed consent form, leaving 149 samples available for
nalysis. The clinical and pathological characteristics of the patients
roviding the evaluable specimens are summarized in Table 1.
Please cite this article in press as: Kimura H, et al. Analytical performance
cancer. Lung Cancer (2014), http://dx.doi.org/10.1016/j.lungcan.2013.12.01

.2. EGFR mutation types

EGFR mutations were identified in 63 NSCLC specimens (42.3%)
sing the cobas EGFR assay and 61 specimens (40.9%) using the
L858R 100% (34/34) 99.1% (113/114) 99.3% (147/148)

Del, deletion; Ins, insertion; MD,  mutation detected; MND, mutation not detected.

therascreen EGFR assay (Table, Supplementary Digital Content
4). Exon 19 deletions (Ex19del) and a point mutation (L858R)
accounted for 90.5% (57/63) and 93.4% (57/61) of all mutations
identified using the cobas EGFR assay and therascreen EGFR assay,
respectively (Table, Supplementary Digital Content 3). This con-
firms the findings of a previous study [10], which found that
Ex19del and L858R mutations accounted for 90% of NSCLC EGFR
activating mutations. The exon 20 insert mutation (Ex20Ins) was
not observed in any of the samples tested in this study. A T790M
point mutation was  detected by the cobas EGFR assay (0.68%) but
not by the therascreen EGFR assay.

3.3. Invalid test rate

Mutation analysis of exons 18–21 of the EGFR gene was  suc-
cessfully performed in all 149 specimens (100%) using the cobas
EGFR assay. In contrast, in experiments using the therascreen EGFR
assay, two test specimens initially gave invalid test results. In those
cases, DNA was  extracted from new FFPE tissue samples. However,
because one sample gave an invalid result again, this case was
excluded from the analysis, resulting in an invalid rate of 0.68%
(1/148) for the therascreen EGFR assay (Table 2). In addition, one
invalid control occurred in the therascreen EGFR assay (data not
shown).

3.4. Method correlation agreement analysis

The correlation rate between cobas EGFR assay and therascreen
EGFR assay was  98.0%. Of the 149 evaluable samples tested, only
three discordants between the two  EGFR mutation assays were
observed (Table 3).

3.5. Re-analysis of discordants by direct sequencing

Test specimens that gave discordant results between the cobas
EGFR and therascreen EGFR assays were retested using direct
sequencing from sub-cloned samples (Table 4). A discordant MND
by therascreen EGFR assay was  observed by direct sequencing to
be an L858R point mutation, confirming the MD  result assessed by
 of the cobas EGFR mutation assay for Japanese non-small-cell lung
2

cobas EGFR assay. In addition, an Ex19del mutation identified as MD
by therascreen EGFR assay was shown to be MND  by direct sequenc-
ing, again confirming the cobas EGFR assay result. The cobas EGFR
assay identified one case with a double mutation, L858R and T790M

dx.doi.org/10.1016/j.lungcan.2013.12.012
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Table  4
Re-analysis of discordants by direct sequencing.

therascreen Cobas Sequencing
(reanalysis)

Sample 1 MND – MD L858R MD
Sample 2 MD EX19Del MND  – MND
Sample 3 MND  – MD S768I MND
Sample 4 MD L858R MD L858R,T790M L858R

Del, deletion; Ins, insertion; MD,  mutation detected; MND, mutation not detected.

Table 5
Re-analysis: combined therascreen EGFR assay and Sanger sequencing for resolution
of  discordant results.

therascreen and/or Sanger sequencing

MD MND

cobas MD 60 1
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MND  0 87

D,  mutation detected; MND, mutation not detected.

Table 4). However, only the L858R mutation was identified by the
herascreen EGFR assay and only the T790M mutation was detected
y direct sequencing. We  then performed a re-analysis using a com-
ination of the therascreen EGFR assay and Sanger sequencing for
esolution of the discordant results (Table 5). This demonstrated an
D concordance rate of 100% (60/60), an MND  concordance rate

f 98.9% (87/88) and a total concordance rate of 99.3% (147/148)
etween the tests.

. Discussion

The overall correlation results of the cobas EGFR assay, an exist-
ng EGFR mutation screening method (the therascreen EGFR assay)
lus direct sequencing was 99.3% (147/148) (Table 5). It also indi-
ated that the cobas assay is at least as robust method to detect the
ost common clinically significant EGFR mutations as the existing

herascreen EGFR assay.
Although we identified 3 discordant results among 149 (2.0%)

pecimens in this study, retesting by direct sanger sequencing con-
rmed that two of the three discordant results were in fact correctly
alled by the cobas EGFR assay. Although both assays share simi-
ar characteristics in terms of amplification methods and detection
rinciples, the slight differences (e.g. probe and primer construc-
ion) between the two of them, influenced their sensitivities to
he mutations. Also, the remaining discordant result analysis high-
ighted the importance of the purity of the extracted DNA for
he PCR amplification. In fact, an Ex 20 S768I mutation identi-
ed as Mutation Detected (MD) by the cobas EGFR assay but not
he therascreen EGFR assay, was not detected by direct sequenc-
ng, either. In this case, direct sequencing failed more than two
imes to detect the EGFR gene when using the extracted DNA
rom the QIAmp DNA FFPE Tissue extraction kit (Qiagen) suggest-
ng that the quality of the DNA was not adequate for the testing
data not shown). This potential difference in DNA quality might
e the reason why  we have experienced discordant results in some
ases.

One T790M mutation was detected together with L858R by the
obas EGFR assay in this study. As there is known heterogeneity
ith regard to the T790M mutation within tumor cells, it is diffi-

ult to mention that the extracted DNA was completely the same,
ven if we used serial sections. However the raw data from the
Please cite this article in press as: Kimura H, et al. Analytical performance
cancer. Lung Cancer (2014), http://dx.doi.org/10.1016/j.lungcan.2013.12.0

obas system showed high enough signals to robustly detect the
utation (data not shown). According to the package insert, cobas

GFR needs at least 3.13 ng DNA which includes 5% mutated DNA to
etect the mutation. Therefore it appears that the cobas test might
 PRESS
r xxx (2014) xxx– xxx

be more sensitive than the therascreen test because, according to
the therascreen package insert, it needs 7.02% mutated DNA within
the input DNA [11,12].

About half of the patients who  are initially sensitive to EGFR-
TKIs may  acquire resistance to EGFR-TKIs [7] following a period
of therapy, mainly because of the selection for the cells with the
T790M mutation in EGFR. In addition, the correlation between
the presence of intrinsic T790M mutations and patient outcomes
has been shown [8], and is probably related to the slow growth
of tumors bearing the T790M mutation. Thus, it is important to
re-assess EGFR mutation status during treatment in order to deter-
mine the most appropriate treatment regimens for patients.

For IVD products, it is important to have rapid and simple test-
ing. The cobas EGFR assay has two  advantages over the therascreen
assay in this regard. One is that the process consists of easily per-
formed and stable methods. Additionally, it takes only 8 h to go
from tumor specimen to results using the semi-automated sys-
tem. Thus, patients assessed using the cobas EGFR assay can begin
the most appropriate treatment within a shorter time period. The
other advantage is that only a very small amount of DNA (150 ng)
is required to detect the tumor mutation status using the cobas
EGFR assay. Moreover, it confirms the accuracy of the results
by co-amplification of an internal control (i.e. exon 28). One of
the issues associated with detecting EGFR mutations in advanced
NSCLC patients is not obtaining a sufficient quantity of specimen
to confirm the presence/absence of several biomarkers. It is impor-
tant to be able to perform tests using just a small amount of DNA;
thus, the cobas EGFR assay is suitable and reliable for the detection
of targeted common EGFR mutations. In this study, we  had high
concordance with surgically resected specimens which had enough
tumors. However, at clinical practice, minimal invisible samples
such as pleural effusion or bronchial wash would be used from
advanced NSCLC patients having difficulty of collecting tissue. To
access this difficulty, even if the samples are small enough, at least
confirming the amount of tumor cells by pathologist is required to
have appropriate test result. Under the condition, it might be able to
provide reliable result even if using either FFPE samples or cytology
samples. It is important to accumulate the data with cytology sam-
ples which makes improvement of suitable testing for advanced
NSCLC patients in the future.

5. Conclusion

In the near future, more mutations that can serve as predic-
tive markers for molecular-targeted treatments will be discovered,
and mutation detection tests will play an increasingly important
role in the clinical setting. The benefits of treatment will be maxi-
mized only if used together with clinically validated and accurate
companion diagnostics. The cobas system offers the possibility of
detecting additional mutations, not only mutations of EGFR. The
combination of the cobas system with molecular-targeted treat-
ments represents an important tool for physicians, supporting their
efforts to effectively treat tumors.
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