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(1) LungFusion &% v MZE3 AHF5E

LungFusion & v hClX, ALK @lé&&MERT (EML4-ALK,
KIF5B-ALK) | RET &8s T (KIF5B-RET, CCDC6-RET) |
ROS] RhEBIET (EZR-ROS1, SDC4-ROS1, SLC34A2-ROSI,
TPU3-ROS1, CD74-ROS1, LRIG3-ROSI). ALK&{nF758
(ALK _pL1196M, ALK pC1156¥, ALK plL1196M) % x4
AR E LT3, Z® LungFusion % v FEHWT,
RlE B TR DS AL (H3122, H2228, HCCT78)
T, ALK 72 & NS ROST A BEF ORI 2 1R
L7zo ¥72. FISH (3¢ insitu N TV FALE—
2 B EY ALK BAEBEGTHIETH 7ok~
VIEENRT 7 4 EEBBREN S b ALK B A BB T
BHENDZ 2R LT, v—F / btk b NS
RZICBNWT, 50 FlDFN<Y VEESNT T 4 F
MR Z U - feasibility BRZEM L., BT
oA T AV T 4 BRRO LI, RNA FhHTE D & AT
EROBEE CICET AREIIN 2 H ThoTe, F2,
BREETHD—F /) 2R LEBRKFEORM T, 2013
12 A 12 B CERIFESRE 2 M L. LungFusion
F v FOBRIZHIT T, 2014 £ 3 A 17 BIZERLE
PEBS A ORI C IR IR AR R R AR 2 3 1T T
B #RIZ BT, LungFusion & v b OLKERZ R L
729 2T, BEEITERAC L VIEERREOE 25
LIV EoERESZT R, ZOBFICEY, —F
J BFETH Y b ORERER., ARFEOERICEF LT,
(2) PGM Fusion Panel \ZP85 A%

PGM Fusion Panel 1%, &it{ts—4 ¥ —IonPGM (Z
A 7T 0 aP—X) EHWT, ALK Bi&BIET
(EML4-LK, KIF5B-ALK, KCLI-ALK) . RET @& BI=F
(KIF5B-RET, CCDC6-RET) . ROSI &8s+ (EZR-ROSI,
GOPC-ROS1, LRIG3-ROSI, SDC4-R0OS1, SLC34A2-R0SI,
TPU3-ROS1, CD74-ROSI) Rt 3 5%y b ThdH, ZD
PGM Fusion Panel OftHHENEMER & LT, RGBT
RESME D 28 A AR RR (H3122, H2228, HCCT8) & FAWVT,
ALK 72 5N ROSTT A BB T ORI 2R Uiz, 72,
FISHIEIZ X 0 ALK S B THBEChHoTokr< Y v
BENT 7 4 EBBRENP LS, ALK BEEE TR
HEhbZ & w1 7-, Feasibility B & LT,
OncoNetwork =1V —7 A & ERIT, 56 kDAL
< U UEENRT T 4 RN DRI S 72 RNA &
AWTHREIToz & 2 A, FISHE, SERAER X
WU T EA 2 PR IBICLDUERR L O—EFIX
90%LA_ETd - 7=, RNA & D HARTRE R OIS E T
WET AERIIN S B Th o, Z ORERIT 2014 4K
EEF7E23 (AACR Annual Meeting) TREHE SN, ¥
7o, BRGETHEIATT 7/ uP— L iR%K
ZOM T, 2013 4E 12 H 11 B CREB SN 2/
L7,

(3) NCCE panel (ZE89 BWF5E

ALK, RET, ROSI BAn-TRlE % H 3 25 i Ak
(H2228, LC2/ad , HCC78) D%/ LDNA 3 pg hb,
FNENOBEE T WL - FRE ORI RS LTz, 7.

LC2/ad M D~ 7 A % F/< U LB, i
L7274/ 2\ DNA 100 ng 205 & BB TN 3R ATRET
HDHZEEMR LT, & BIZ . FISH.RT-PCR T ALK, RET,
ROSI B E BT HERR ST BRRARIR 15 61 (Bok 1
B, GIBRIRIR 14 1 ALK, RET, ROSI i 5 )

D457 I DNA 50 ng A2 b, K& DB THEERE O
HHLFRETH o7z, RIESNZBETRE RITTRT
DIEGI TRz > TV, RERERZEH—IREAER
WOWTIE, BEOTT V=L — o ADFER E
7% D—EETHRHFETH 7=, I LIIRFRDR L
DOFABINRIE KN TN D EGFR, KRAS 73 & O —Ya Efd
FARKEREZETHZENTTITREN TV DR
FER K OKIBFE IR 5 ¥k 4"/ L DNA 250 ng & FU
o= U AORER, TRINZERNT TR
FRECH o7z, DNA i v — 7 = v AT — X OfRkr
FCIET AN TR TCH T,
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(1) LungFusion % v MZBEH3 AHF3C

MassARRAY % FHU 7= ALK, RET, ROSIFE&EET OBE
ME[REZR LungFusion v hOBARICHAIT T, BEFA
feasibility 23#EEE X 317~, LungFusion & » b, RNA
BEER L UTARELE 7 cDNA (complementary DNA) %
RAWTHIET 5728, a8 EFORBICEL T
DNA % A2 I TR A AL A PR E S 22l
HETE 208 2H TR, FBOSEIZONWTOD
EENLETHS, PMDA OFRTHEA TiL., RNA i &
cDNA (LD THICH>WTIE, BFED LungFusion ¥ b
DOTRIZEENRN D, BBOEDOwR—I A B
EDF y MOFEEBIZOWTORFBAFAELT
Wb Z eI, AREETHDL—F /) Lt
EE, TCIC R & Fhs U IREEEE LA 0 GMP
5, SOP #fif, FAMEEOFE LT 2 ERRERER
BROERCIET CH A L CEEE 2D T3,

(2) PGM Fusion Panel \ZB84- 28F5¢

TonPGM % AV /= ALK, RET, ROSI BEEGT OB
THE72 PGM Fusion Panel MBS T, BIRAET
HDTATTT Ja Rtk L BRI AR L.
FA 7T ) ao— X0 719 % OncoNetwork =22/
V=T AERFT, ¥y bTFFA L OREER BN
Blf7: feasibility 2R LTz, ZORRELZITC,
TATT Y )R L g RE T, KEFFREY
DOFEFEMER 2D T\ D, T2, TR 26 FEICF v b
BAFICBE3 2 PMDA OIREMCARRFRATE A Z 2T D
N, Fy MO EARICBET A £ 2D EED
TW5h, AEEDOER 21T, Fhk 26 F£E L, FHE
WY EAPEERBR L GMP BLEA D D Z L RN HHET
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727 ) BB O 7912 1E 100 ng BAT D4/ 5 DNA 5> 5

E%;%h¥ﬁﬁ\%L£%$ﬁﬁf%é_kbMﬁ
THH, FEERLIEY—Fy b v TFFr——7
TUAVAT AB I OB ETFRESBRHE 0 7T AT
COEERIFEMIZ L TWAZ ERNRENT, 51 2
FELNOEEARRFELZ BT 70 BAREY A
HEBRMT D, AW TR INIZEBETRE SR
s 7 AOm AR, EEFELERL TND
%M£ﬁ¥&8k&§’%/b®®@%L\wP§F
A T A BRAE T A, ERIRPERERER O I
$ﬁ”@ﬂﬂﬁ EHNBH LT%éé@ﬁﬁ®%ﬁﬁ
KZINEE LTV 5 LC-SCRUM & DEHEZ BI2T 5, BIfE
LC-SCRUM \Z 31T % B FHEHT Tid RT-PCR IZ K @&
BIZFDORI Y —= 2%, 7/ 5 DNA & iz
50 BT DO~/VF T L w7 REEBRMENT % 200 FILL EFE
BLTRBY, ZZTHLNTWD  UNTES EIIZH

WO FERNROBERRBR L b v 7Y 7 Uiz thredbr
PEBTEXHIOSWEZED TS,

ffﬁ:y‘\
i%ﬁ%ﬁgm\&ﬁﬁﬁnyﬂ VREEE L LT,
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(1) LungFusion ¥ » kO feasibility 3R
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WX o THEIR U721%, BlERA v b2 iEkic &
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B O —EEMERIGC I AR SN BETFOR
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(1) LungFusion ¥ v k@ feasibility 3%
LungFusion % v h Ti&., ALK ft & & = 1
( EML4-ALK, KIF5B-ALK) . RET W& &1s F
(KIF5B-RET, CCDC6-RET). ROSI & &is+
( EZR-ROS1, SDC4-ROS1, SLC34A2-ROS1,
TPM3-ROS1, CD74-ROS1, LRIG3-ROSI). ALK&
o + £ % ( ALK pL1196M, ALK pC1156Y,
ALK pL1196M) #H¥ 2l E LTW5D, 20D
LungFusion ¥ v F&HWT, @l&8ET B
AMIRREE (H3122, H2228, HCC78) % FIvWC, ALK 73
HONE ROSI RiE BT ORHERRR L, £/,
FISH (33t in situ ~NA 7V XA E— 3 )EICE
D ALK BiEEETFHBETH TR~ VEE ST
7 4 CEEREN D b, ALK BE TR SN D
TEEMER L, v AR b NI RFIZE
W, B0 Bl V< Y VEESRT T 4 o aERE &
U7z feasibility RBRZ EE L, RIFRT v EA74Y
T 4 DD LT, RNA i &0 b iR R O BUG £
TETLIRMIIN 2 B ThoTo,
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ZEHER L L TAERKR I cDNA (complementary
DNA)YZFAWTHIET 5729, BEBETORHICE
LTIt DNA % AW HEIZ A TRA TN TRE X
., ZMCRECTE MR EETHRE. HEOME
WCOWTOEENRMLETH D, PMDA OEF{HZ T,
RNA fiitH & cDNA (LD TS\ TiE, BED
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BO<wx—T Ay "Xy MOBEEEBIZOW
TORFPFRREL WA Z LRS-, BREE
THDHY—r /) 2LEIE, TR & R
L, REELIEO GMP #3E, SOP #iF, BKEED
FHE L TV D EERMERERBR O EEIC M TH A L TH
HREZED TS,
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V= 7 Atk E OERFEHRRK ORI R D VI
LungFusion % v BAF&IZBE9 5 PMDA DI IEHENEAH
REATE R A ST, REELREICNEE & e 5 E A B
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PGM Fusion Panel (2331} % Feasibility i - &~ b7 % > O €IZBId 5 HF3E

WrIeaERE [LIPE=V DN ITMREELI YT ) DEYFEE - B
WrIEsEE BT TR FERI S ) LAEWTFHE - B
Wrgeo s H R0 LR FEFE RGN - 2%

WHIE & HEH K TR PESH T ) DAY FHE - A
Wroes A HHES TR R F RSN - FRhT
MREEE

BAF PRI R 25T,

Rk 25 4EEE L. TonPGM % V7= PGM Fusion Panel ® IVD {t% B L. BA%
TETHETA 7T /a7 5 OncoNetwork =22V — 7 AT
ZE L, PGM Fusion Panel DEAKTH A L OffE & feasibility 505k % 506 L .

A. WFRE®

IonPGM Z#HW=< L F T Ly 7 Aa L R_R=F i
ik & ¢, PGM Fusion Panel 1= & 28 0OB{EF
o 2 RIS EF R 2B OB AL BN L 75,
% U C, feasibility BER, EAMERERBR. GMP
B, SOP %fif. ERRMRERBROFEMZ BIE S LT
D, FHEK 25 FEEIZIE, ¥y VTV A U OREE L
feasibility FREROER 1T D,

B. #WgE51E
(1) PGM Fusion Panel ®% v b WA v

PGM Fusion Panel % > ¥ A DX, 547
T Ja— X379 5 OncoNetwork =22 —
T ADEEA L N— L L THEfE L7z, OncoNetwork
ayY—U T A, 3enyRNERLETETA T
7 Ja =B’ BT A TH S, PGM Fusion
Panel iZ.RNA %#81 & L C.Dreverse transcription
12 L % cDNA (complementary DNA)ML., @&@h&&E
BFORERA > FEETREERRD PCR HiEIC &
55475 Y —fRE, @lonPGM IZ L 5> —7 v AKX
J&. @OFRFTY 7 M X 2@E BT ORI, OTRE)
EENDHF Y MERR L 2o TS, PCR SIZEBIT 5
HEE Ak D EER 1T 100~150 bp D72, A<= U >
BEE/ T 7 ¢ A Y 2 bR S vz b R (bR I
BWTHRENFRETH D, AHEE L, OncoNetwork
Ay V=7 LR RTERERFICRBNT, @MEER
TIPS A MG (H3122, H2228, HCCT8) ¥
FOHBEN<Y CEENRT T 4 OO R A HHhiE LT
RNA % #58 & L feasibility Wk % 5256 L7,
(2) FEBEREFERK ORI
PGM Fusion Panel DBIFIZH 720, BREHXTHD
FGAT7T T u =Xt EIEREKT & O CREREF

L Hifs Ui, BE, EFRPFFESRE OffiRE O e 2
%

M L7e, BAE, Mk icmid TR Th 5,

(i B ~ DB RE)
ERPR R 2 FA VT S Zs AT 13, TR R Ic B3
DfmBRtEEt) (FAk 14 4E 6 HHIE, WK 25 4 A 1
H—EekIE) %857 L CEii L7z, RFRIE, Ik
FEFREETHEZEESICB W TR SN IF5EET
HE (ZESR 24-071, 24-075) ICHIVITo7-,

C. WroufER
(1) PGM Fusion Panel @ v 541 >

PGM Fusion Panel (. iR — 57 % —
IonPGM (5 A 75 7 ) uP— X)) ZFWT, ALK
E8EF (EML4-ALK, KIF5B-ALK, KCL1-ALK).
RET®E ST (KIF5B-RET CCDC6-RET). ROS1
A EiLT (BZR-ROSI, GOPC-ROS1, LRI G3-ROS1,
SDC4-ROS1, SLC34A2-ROS1, TPM3-ROS1,
CD74-ROSD %M+ 2% v hThH D, ZD PGM
Fusion Panel OHEMERERE & L T, B&EETBE
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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
proved to be helpful for appropriate treatment guidance for NSCLC patients.

© 2014 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction developed as a companion diagnostic; this relationship between

therapeutic and diagnostic agents contributes to personalized

Non-small-cell lung cancer (NSCLC) patients frequently have
activating EGFR mutations and respond well to treatment with
small molecule EGFR-tyrosine kinase inhibitors (TKIs) such as gefit-
inib and erlotinib |[!-4]|. Both the American Society of Clinical
Oncology and the Japan Lung Cancer Society recommend EGFR
mutation testing in patients being considered for EGFR-TKI treat-
ment as a first-line therapy |>|. Similar guidelines recommending
testing for EGFR mutations were established by the College of
American Pathologists, the International Association for the Study
of Lung Cancer, and the Association for Molecular Pathology ||
Patients’ EGFR mutation status prior to the commencement of treat-
ment impacts outcomes and, as a result, EGFR testing has been

* Corresponding author. Tel.: +81 72 366 0221; fax: +81 072 367 63609.
E-mail address: | ! (K. Nishio).

0169-5002/$ - see front matter © 2014 Elsevier Ireland Ltd. All rights reserved.
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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 | & . Similar findings
were observed for exon 20 insertions; that they are usually associ-
ated with primary or de novo resistance to EGFR-TKI therapy |“.
Thus, it is important to re-assess EGFR mutation status during treat-
ment to determine the most appropriate treatment regimens for
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
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Fig. 1. Assay flow for the cobas EGFR mutation assay. The assay is composed of four steps. Step 1: 5-pum sections are prepared from FFPE tissue. One section is used for H&E
staining to assess tumor content and the other section is used for DNA isolation. Step 2: Genomic DNA is isolated using the cobas® DNA Sample Preparation Kit. Step 3: DNA
is mixed with reagents after quantification. Step 4: DNA is amplified using the cobas z 480 system. Results are automatically reported.

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

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

2. Materials and methods
2.1. Tissue samples

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

2.2. cobas EGFR Mutation Test

The cobas EGFR assay is an allele-specific real-time PCR system
(Figure, Supplemental Digital Content 1; ) that qualitatively
measures the amplification of DNA to identify 41 mutations in
exons 18-21 of the EGFR gene from 50ng of DNA derived from
human FFPE NSCLC tissues (Table, Supplemental Digital Content
2). Within each reaction mixture, exon 28 was amplified as an
internal control. DNA isolation, amplification/detection, and result
reporting can be performed in less than 8 h with up to 30 spec-
imens processed simultaneously. The cobas EGFR assay has fully
automated results reporting.

2.3. Specimen preparation for cobas EGFR assay

Two FFPE tissue sections of 5m thickness were prepared for
this assay. One was used for DNA extraction and the other was used
to confirm the presence of tumor content by hematoxylin and eosin

(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 hat 56 “Cand then for additional one hour at 90 “Cin
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/p.L.

2.5. PCR amplification and detection

Atotal of 150 ng of DNA is required for the cobas EGFR assay. Tar-
get DNAwas 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
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
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Table 1
Clinical characteristics of the patients providing surgically resected FFPE samples in
NSCLC.
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Table 2
Methods correlation between mutation findings using
therascreen EGFR assays.

the cobas EGFR and

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

ND 2

ND, not determined; N, number.

between the mutation assay cycle threshold (C7) and control assay
Cr from the same sample was used to calculate sample ACy values.
Samples designated mutation positive if the ACr was less than the
cutoff ACr value.

2.7. Sanger sequencing

DNA samples obtained from specimens that were discord-
ant between cobas EGFR and therascreen EGFR assays were
amplified using the following site-specific primers: Exon
18 Forward, 5-TGGAGCCTCTTACACCCAGT-3’, Reverse, 5'-
ACAGCTTGCAAGGACTCTGG-3'; Exon 19 Forward, 5'-TCTGGA-
TCCCAGAAGGTGAG-3', Reverse, 5'-CAGCTGCCAGACATGAGAAA-
3’; Exon 20 Forward, 5-CATTCATGCGTCTTCACCTG-3', Reverse,
5-GTCTTTGTGTTCCCGGACAT-3’; Exon 21  Forward, 5'-
GATCTGTCCCTCACAGCAGGGTC-3', Reverse, 5'-GGCTGACCTAAA-
GCCACCTCC-3'. The fragments were subcloned into the Zero Blunt
TOPO vector (Zero Blunt TOPO PCR Cloning Kit; Life Technolo-
gies, USA). Direct sequencing was performed with 100 colonies
from one specimen by ABI3100 Genetic Analyzer (ABI) using
the BigDye® Terminators v3.1 Cycle Sequencing Kit (Life Tech-
nologies). One mutation detected in 100 results was classed as
“Mutation Detected” in this study. This assay required 1 g of
genomic DNA from specimens. Sanger sequencing was performed
with the specimen that resulted double mutation (L858R and
M790M) from cobas EGFR assay but single mutation (L858R)
from therascreen EGFR assay at Mitsubishi Chemical Medicine
Corporation followed by daily routine. The sequencing result was
used as Golden standard.

3. Results
3.1. Study population

A series of 150 FFPE tissue samples from patients diagnosed
with NSCLC was examined. One specimen was excluded owing to a
lack of a completed consent form, leaving 149 samples available for

analysis. The clinical and pathological characteristics of the patients
providing the evaluable specimens are summarized in

3.2. EGFR mutation types

EGFR mutations were identified in 63 NSCLC specimens (42.3%)
using the cobas EGFR assay and 61 specimens (40.9%) using the

13

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)
S768I1 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)
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 | !0}, 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 ('able 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 (! abic 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
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
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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 57681 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.

therascreenand/or Sanger sequencing

MD MND
cobas MD 60 1
MND 0 87
MD, mutation detected; MND, mutation not detected.
(Table 4), However, only the L858R mutation was identified by the

therascreen EGFR assay and only the T790M mutation was detected
by direct sequencing. We then performed a re-analysis using a com-
bination of the therascreen EGFR assay and Sanger sequencing for
resolution of the discordant results (!« /¢ 5). This demonstrated an
MD concordance rate of 100% (60/60), an MND concordance rate
of 98.9% (87/88) and a total concordance rate of 99.3% (147/148)
between the tests.

4. Discussion

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

Although we identified 3 discordant results among 149 (2.0%)
specimens in this study, retesting by direct sanger sequencing con-
firmed that two of the three discordant results were in fact correctly
called by the cobas EGFR assay. Although both assays share simi-
lar characteristics in terms of amplification methods and detection
principles, the slight differences (e.g. probe and primer construc-
tion) between the two of them, influenced their sensitivities to
the mutations. Also, the remaining discordant result analysis high-
lighted the importance of the purity of the extracted DNA for
the PCR amplification. In fact, an Ex 20 S768I mutation identi-
fied as Mutation Detected (MD) by the cobas EGFR assay but not
the therascreen EGFR assay, was not detected by direct sequenc-
ing, either. In this case, direct sequencing failed more than two
times to detect the EGFR gene when using the extracted DNA
from the QIAmp DNA FFPE Tissue extraction kit (Qiagen) suggest-
ing that the quality of the DNA was not adequate for the testing
(data not shown). This potential difference in DNA quality might
be the reason why we have experienced discordant results in some
cases.

One T790M mutation was detected together with L858R by the
cobas EGFR assay in this study. As there is known heterogeneity
with regard to the T790M mutation within tumor cells, it is diffi-
cult to mention that the extracted DNA was completely the same,
even if we used serial sections. However the raw data from the
cobas system showed high enough signals to robustly detect the
mutation (data not shown). According to the package insert, cobas
EGFR needs at least 3.13 ng DNA which includes 5% mutated DNA to
detect the mutation. Therefore it appears that the cobas test might
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be more sensitive than the therascreen test because, according to
the therascreen package insert, it needs 7.02% mutated DNA within
the input DNA |

About half of the patients who are initially sensitive to EGFR-
TKIs may acquire resistance to EGFR-TKIs 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 |©/, 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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A secondary epidermal growth factor receptor (EGFR) mutation,
the substitution of threonine 790 with methionine (T790M), leads
to acquired resistance to reversible EGFR-tyrosine kinase inhibi-
tors (EGFR-TKIs). A non-invasive method for detecting T790M
mutation would be desirable to direct patient treatment strategy.
Plasma DNA samples were obtained after discontinuation of gefi-
tinib or erlotinib in 75 patients with non-small cell lung cancer
(NSCLC). T790M mutation was amplified using the SABER (single
allele base extension reaction) technique and analyzed using the
Sequenom MassARRAY platform. We examined the T790M muta-
tion status in plasma samples obtained after treatment with an
EGFR-TKI. The SABER assay sensitivity using mixed oligonucleo-
tides was determined to be 0.3%. The T790M mutation was
detected in 21 of the 75 plasma samples (28%). The presence of
the T790M mutation was confirmed by subcloning into sequenc-
ing vectors and sequencing in 14 of the 21 samples (66.6%). In
this cohort of 75 patients, the median progression-free survival
(PFS) of the patients with the T790M mutation (n = 21) was not
statistically different from that of the patients without the muta-
tion (n = 54, P = 0.94). When patients under 65 years of age who
had a partial response were grouped according to their plasma
T790M mutation status, the PFS of the T790M-positive patients
(n = 11) was significantly shorter than that of the T790M-nega-
tive patients (n = 29, P = 0.03). The SABER method is a feasible
means of determining the plasma T790M mutation status and
could potentially be used to monitor EGFR-TKI therapy. (Cancer
Sci, doi: 10.1111/cas.12211, 2013)

D espite responses to epidermal growth factor receptor
(EGFR)-tyrosine kinase inhibitors (TKIs), such as gefiti-
nib and erlotinib, in the majority of lung cancer patients carry-
ing an EGFR mutation, most of these patients eventually
become resistant to EGFR-TKIs."’ The most common known
mechanisms of acquired resistance are MET amplification,
increased levels of hepatocyte growth factor, and secondary
mutations in EGFR.?™ The substitution of threonine 790 with
methionine (T790M) leads to acquired resistance to reversible
EGFR-TKIs. The frequency of this secondary mutation is 30—
50% among patients who are resistant to EGFR-TKIs. Under-
standing the mechanisms of resistance to EGFR-TKIs is
important because second and third generations EGFR-TKISs,
including irreversible EGFR inhibitors, are presently under
clinical development with the goal of conquering resistance
mechanisms to EGFR-TKIs.

Here, we report the development of a highly sensitive sin-
gle allele base extension reaction (SABER) method capable

doi: 10.1111/cas.12211
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of detecting low levels of T790M mutation. We used this
method to assess the T790M mutation status of plasma sam-
ples from non-small cell lung cancer (NSCLC) patients to
clarify (i) the frequency of tumor samples carrying the
T790M mutation after EGFR-TKI treatment; and (ii) the asso-
ciation between the T790M mutation status and the clinical
outcome. The detection of the T790M mutation in plasma
samples could enable the clinical response to EGFR-TKIs to
be monitored.

Materials and Methods

Patients. A total of 75 NSCLC patients with progressive
disease (PD) after undergoing EGFR-TKI treatment (gefitinib
or erlotinib) at the Thoracic Oncology Center, Cancer Institute
Hospital, Japanese Foundation for Cancer Research between
2006 and 2011 were included in this study. Progressive disease
was defined as the appearance of a new lesion or a 20%
increase in the size of a primary tumor. The period between
the detection of PD and the collection of the plasma sample
used to determine the T790M mutation status varied (median
44 days; range, 0-803 days). Epidermal growth factor receptor
mutation status in tumor samples obtained before treatment
with an EGFR-TKI were identified using direct sequencing.
Table | shows the clinical characteristics of the patients.
Plasma samples obtained after discontinuation of EGFR-TKI
were used to examine the T790M mutation status. All the
patients provided informed written consent, and the study was
approved by the Institutional Review Board at the Cancer
Institute Hospital and the Kinki University Faculty of
Medicine.

Sample processing. Plasma DNA was purified using a
QIAamp Circulating Nucleic Acid Kit (Qiagen, Valencia,
CA, USA). The extracted DNA was stored at —80°C until
analysis.

Assay design. The assay was designed using MassARRAY
Assay Design 4.0 software (Sequenom, San Diego, CA, USA)
with a slight modification to enable use with the SABER
method; the assay was intentionally designed so that it would
only include terminators for the mutated nucleotide, and not
the terminator for the wild-type nucleotide. A schematic dia-
gram of the assay is shown in Figure 1. An amplification con-
trol assay was incorporated into each reaction using a
conserved sequence in the amplified EGFR transcript so that
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Table 1.
treatment (n = 75)

Clinical characteristics of patients with progressive disease (PD) after epidermal growth factor-tyrosine kinase inhibitor (EGFR-TKI)

EGFR-TKI-treated Patients All patients (n = 75)

Post-treatment T790M
mutation positive

Post-treatment T790M
mutation negative Pt

o,
No. (%) patients (n = 21) patients (n = 54)

Age, years(mean, 61.6 + 8.5 years)
<65 47 (62.7) 1 36 0.294
>65 28 (37.3) 10 18

Sex
Male 21 (28.0) 7 14 0.573
Female 54 (72.0) 14 40

Smoking
No 44 (58.7) 12 32 1.000
Yes 31 (41.3) 9 22

Histology
Ad 71 (94.7) 19 52 0.311
Large/Sq 4 (5.3) 2 2

EGFR mutation (pre-treatment, tumor)
Activating mutation 60 (80.0) 18 42 0.535
Wild type/unknown 15 (20.0) 3 12

Response to EGFR-TKI
PR 60 (80.0) 20 40 0.053
SD/PD/NE 15 (20.0) 1 14

tFisher’s exact test. Ad, adenocarcinoma; Large, large cell carcinoma; NE, not evaluable; PD, progressive disease; PR, partial response; SD, stable

disease; Sq, squamous cell carcinoma.

Table 2. Primers used in the T790M SABER (single allele base
extension reaction) method

Sequences
PCR
Forward 5- ACGTTGGATGATCTGCCTCACCTCCACCGT -3’
Reverse 5- ACGTTGGATGTGTTCCCGGACATAGTCCAG -3'
Extension
T790M 5- CACCGTGCAGCTCATCA -3'

Internal control 5'- GTCCAGGAGGCAGCCGAAG -3’

T790M-SABER
T790MDNA ——T CATCATGCAGCTCATGGCCCTTCGG
WT DNA TCATCACGCAGCTCATGCCCTTCGG
PCR ampilification
Single-base primer extension
T790MDNA —=T CATCATGCAGCTCATGCCCTT CGG
T790M EXT @
WT DNA TCATCACGCAGCTCATGCC CTT CG G memememmmmmm
FnesReman s X [G)<camaiexr
Mass spectrometry
T790M WT Control
UEP T UEP UEP G
oy = oy
(7} 2] o
s = o
2 2 2
A Jt]t]\ A
m/z m/z m/z
Fig. 1. Schematic diagram of the T790M-SABER method, based on

MassARRAY assays. The DNA samples were first amplified using poly-
merase chain reaction (PCR). The PCR products were then subjected to
a single base extension reaction. The T790M-SABER reaction only
included terminators for the mutated nucleotide, and not the termi-
nators for the wild-type nucleotide. An internal amplification control
was designed to prevent false-negative results caused by PCR inhibi-
tors. The primer extension products were analyzed using matrix-
assisted laser desorption ionization-time of flight mass spectroscopy
(MALDI-TOF MS). UEP, unextended primer.

PCR, polymerase chain reaction.

amplification would always occur in the presence of input
template DNA. The PCR and extension primer sequences are
listed in Table 2.

SABER method. The SABER method, where the primer
extension was restricted to the mutant-specific allele, was per-
formed using Sequenom iPlex Pro biochemistry with resultant
products detected with the MassARRAY platform. The PCR
reactions were performed in 5-pL volumes containing 1.5 pL
of eluted serum DNA, 200 nM of each primer, 50 pM of
dNTPs (Sequenom), 0.2 U of PCR Taq DNA polymerase
(Sequenom), 2.0 mM of MgCl,, and 1 x PCR buffer (Seque-
nom). The thermal cycling for the PCR was performed as fol-
lows: 2 min at 94°C, followed by 45 cycles of 94°C for 30 s,
56°C for 30 s, and 72°C for 1 min. The program was termi-
nated after a final incubation at 72°C for 5 min. After the
completion of the PCR, 2 pL (0.5 U) of shrimp alkaline
phosphatase (Sequenom) was added to each reaction and the
resulting mixture was incubated for 40 min at 37°C before
enzyme inactivation by incubating the sample for 5 min at
85°C. The single-base primer extension reaction (SABER)
was then performed in a final volume of 9 pL, containing
1 pmol of each extension primer, a mixture of three iPLEX
mass-modified terminators (Sequenom), and 2.56 U of
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