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Research progress in the detection technology of EGFR
mutations in non-small cell lung cancer

GUO Ting, WANG Lei, LI Xiaofei
(Department of Thoracic Surgery, Tangdu Hospital Affiliated Fourth Military Medical University, Xi'an 710038, China)

Abstract The detection of epidermal growth factor receptor (EGFR) mutation gene is an important cornerstone of lung
cancer treatment. At present, lung cancer tissue, exfoliative cells and liquid biopsy specimens are used in clinic
practice for the detection of EGFR. Even more, the detection of urine specimens also shows potential application
prospect. There are many detecting techniques for above specimens, the one of specific targets technology, such
as Beaming dPCR, sARMS, and the other one of screening tests technology, such as next generation sequencing
(NGS) and Sanger sequencing. The different specific specimen types and the testing purpose for different
detecting techniques according to individual advantage. With the development of emerging technology, surface-
enhanced Raman scattering shows the great application in clinical practice as the novel detecting technique.
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it 95 2 4 BK e 56 e BT R e e 1 i R 2
—, RZH00 s 85 82 i 12 O 28 A (1118
IV, HSEAEFRUN15.6%" o Il 3 25
AE oy AVAL R W . W . /NN . DR 4
&, W AR 245% W IR ATE R K AERKK T
%ﬁi(epidermal growth factor receptor, EGFR)"?%
A5, JEHE19del HIL8SSRV A i LA AR AL, 2y i
85%~90%"', 20084F1PASSIX I 1F UHf 57 £ X EGFR
B HE Y HE [ IR T ORI, — R IV FEUE S5
i 1 s 1 1] 551 (tyrosine kinase inhibitors, TKIs; 7
e Be g e ) Re % 3 48 K R 1Y o i e A
At AR EEGFR-TKIsIA Y i firp, — 285878
T} 225 5 R (AN T790M) Y H B0 AT BEXHIA T A8CR 7 A
S, I, FEIRIT RTUERS T A EGFREEAE IR
A, TEIRIT RS W D i 2 3 R SR AL, X il
S B R AC AT 1] YR 9T A R R S, R
EGFRZE A8 5L K A A5 I AR S 45 I F

1 Bl EGFR R E F Y4 M Bk

1.1 FEARFRA

il 96 1) 2 20 2 b AR S e BN T K Bl 3k A
G D P B AR S Y SRS YN R R R Ry S R A BE L
bR AR 5y, B AR R LA AR AR X b 45 R Y 4 A
e HATI g A 2 bR AR B EARGETFARDIBR . X
SR IS R o il 2 T A S A R Uk A
SR, SEPRIG R H R ASF]309% 14 8 3 6E 198 38 1o
FARFAGF LS L ZUbRA, B i A M I R AF 5%
2 BURR AR B A SR R A R 30%~40% Y. 24
70% 1) £ 32 BLARGE /INB 21 20 5% A0 i 4 bR AR 1A T A
RS I R I P ) FH ) i g 28 2 bR AR 3 AL 4G
B AL ZURN A I R R AR AR . DA 1 R 2 SR ok
B, AR A R I AU R R R R S T
A1 AL I BR AT DR A I AR B T R e
PN 11 < 2 E 229 7 N IR N I 1 D =S 6
FER A R R R, R A W AR AR,
i HFE B AR30 min PN HFEEUD N AR FH 4% £ B H ik
HATIEE , >30 minf5, REVREYHKDNAZ
AN FERE M . W24, T S G R 5
Ah, B SREE R B T H R E, R
DU 22 [ K2 AR I e i Jis SRR 22201 74F 6 H il ,
LT il g 4 S AR AR EGERE AR K 4 5174,
FCp A R AT & T B, 8 DL %) G i s . B
FERAMIR A RS KPR B AR5
W2 W b s BRI SE PR A, (H 2 /N B 41 2124 4
AHHMELLER 2 W, RILE A ST,

SR AE T ARG BEAT KBS A L LA bR A 14 2 [ A
I s PR S T S R R R, DT A A
35 2 il g o TR SRS L, O e B A T B E
fifl o 75— LB TT JiE il i 21 SURE R DU B E 5 v, B
FEORFRAZ W OB IR T 2= /D45 50% Y iR
At

1.2 ZHAFRRA

H T Ml e A0 B BB 1, 210%~50% ) L
B 32 i Ja e B AR T P b s B Bk S R B T
Ve . Bllison ) 45 50T 33 101 JT Ji2 fii 9o 40 it =
EGFRZEASK M 58, i A 28 A4 55 40 &1 i W b
P NI 1] 2 AR e RN S AR LW I R [ B N
G TPCRANMF A9 2 Fp ik, B AR I Ak
JE20%~70% . BillahZ P s £E 20915l fili 46 H5 2 1) 40 i
SEREA, FEARKRIGELE S ST T RS B
T L K B A B DA B . R R R
SRTH 75 6. 2% MR A B AR, H b R S B B AR
AN R G v T A 8BRS 5 i e e AR
AR RN ERRZ, WA Bk
), BRAS G RGN B R AR I L S PR I R
e, R4S 2 % a0 i s B R H S R i
B M RS 0 DA B o o [ A A 4R A K S A
Ko EE R B, H R R S B — AR
i F AR

1.3 B EWIRA

i S8 B9 Ah A L TP A AR B R R A
(circulating tumor cells, CTCs) M ¥i# &5 141G 5 i I8
DNA(circulating tumor DNA, ctDNA). RNA, %
FIo AMBARSE, TE—EFEE 1 REAE S Wi A 42
FROE, [R5 BpakAs, PR o BAT
MRSV, PR SRR ARART
Forh AME MLt DNA T ZOR IR T MR 40, B 48 Ik
e R L LT A U TR 4 L DR S i K e A
HL 4 BV BR AR 1 B BORE AL DNAMY

Maheswaran%:"20084F & Jo i IR £ 9 4
RH ¥y 28 48 22 48 (ARM S ) B I CTCs M EGFRE A2
R, HAH R (92%) 8 W5 T ctDNA(33%) .
Marchetti% " 145 4 Cell Search 2 48 Al — AR 7
(next generation sequencing, NGS)F RKillCcTC
EGFREAL, 5 AU &5 AL, %07k
AR R 3K 84% . IT i Proceedings of the National
Academy of SciencesH#F 75 " H i i 8 1741
I CTCs 40 4= FE A 22 AT 5, 25 R /R CTCss
HENA PP E BA Rl EE M, ARE
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# CTCs NDNAYS DL AZ S5 {5 AN 15 i Jiss 1) g 2288 7Y
G, HSHAME MK RIS, #aRCTCH R EE
DNA Y ct DNAE A BT 42 181 A9 35t % 2 (5 B . H2
AT P 4785 30 3 0 A O 1 Mo 5 I Pk — L& C T Cs T
I e AR XEBT, —J7 18, HETH F 9 Cell Search
il 0 3 T e 40 ML B A M 35 B PR (epithelial
cell adhesion molecule, EpCAM)E"J%‘:zijS., {fHCTCs
FEAM A i a] B8 & A b B - 8] 58 B #% 4K (epithelial -
mesenchymal transition, EMT), NI 2
PRI o 580, LEAE S AL BT 2 B A b
FAAE— TR CTCsIB IR R E e . 5 — T, M T
CTCsTENEHF L3 P A7 FEIF A 2924 b, IR R4
I (] B 5 (8] s KR T LA SRR CTCs, AR a2
SR B B ) 2 fen 280 AT R T I B — A TR, 53 Ah,
TR BRI 5 Bt , AR CTCsRER
PR HE A i Je 1 358 4% 27 8 IE 2 HC T i 1) 32 220
Mo PG, HATIE R B XS AN A I CTCs#F4TEGER
G ARG I 1 B A B AL, i R = R I R B
I 3 HE

FAXTCTCs, ctDNAMAI BT LF, i
S JBUPESZ W AL/N TR IR IR AR T B L TR, HL
Pras A, PRI 52 Bl R B A= Bk . 3 — i 2%
HAy U B e A 27 5T B3 1 1o il SR
AP I E G FRZE S i A6 I £ 4l A Oy A 4 B
£ ¥, PNA-PCR, qPCR, = R0 A {0 3% vk
(high performance liquid chromatography, HPLC) .
PREF 34 BH 5 22 28 R 45 (amplification refractory
mutation system, ARMS) | ME-PCRA, #5R I
7 A1 JE I ct DN A B A T R BE RN R S BE 4y S
62.0%(51.3%~71.6%)195.9%(92.9%~97.7%) - [F]
f, ctDNAMSJE R 4F B FEDTRE S, 5 5 S ] i
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L 107 538 5 T ct DNA R RS o 4G 0 i 2 1 2
ctDNA H Fi il i) F 2R, 5355, H T ctDNAK
Z & BADNAG -, H e e ik i s 1% 15
BAR,
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Br bk w DL Y R I AR AR b, B AR — B B
FE S P ) BR 0 S  AS SE A 8 E G PR € AL A
Mo AR HAARAS , RIS A RE fig K B2 i 5 B
JoME . T/ R Bery A A Il c e DN ARE 98 3 i
ANERUE S B ADRWE, L B B RO A
ctDNA, Reckamp%[”]ﬁﬁyﬁﬁﬁ'\fimNGS&**ﬁ

N 60 151 it i A8 35 100 3R R0 AR VA A Hh B EGFR 58 78 Kk
P, BRIBRRAS B ARG R BE TK B 709, ML AR AR
F18) A 00 SR ) 3K # £4909% . Chien 25 13T 1] s 7]
mfﬁiﬁﬁﬁ%PCR(droplet digital polymerase chain
reaction, ddPCR)JFJ& R bR (Y EGFRZE AL K5 il
TAE, TE1S0M HF By 4 212 FUR AR A A I
EGFREZZ MM Y — BOR B F88% . ixX LEMF5¢ 45
7R PR AR A AR GF R, A B
VRIS AT e R A ST o AH I B T IR W AR A Yy
DNAH Bt Z My FIRDNA, HAG I 9 52 8% Fgs
S B T B 2 ST AT R IE
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HAris R B f £ FEGFRZE AR 3 A 1) &
B, EEAHE. 1) LR H K
A, WddPCR, B FPCRIF X4 A (Beaming
dPCR), MIEHRE Y4 BH I %€ 48 R 4t (scorpions
ARMS, sARMS)MRT-qPCR%; 2) LA H i Y
KMEEA, INGS, Sangerill 745 ; 3) HAhFPE,
e 1 214k % (immunochemihistory, THC) .
AP W AR €6 3% 1 (DHPLC) %5 . LIPCR W HL7ik
F14) I 257G Y0 2 R R M08 K ) L A 10 G R R
TE NG A B RN 3z 5 LA e o FE a4 B AR
TG I 22 Foh 28 A% 24 70 0 Sk B oA 01 5 A8 ' T G %5 A
B, R R LS I R R K . sARMS L H AT I
PR N e ) B R DN R R, G LA 2 B AR 1Y
G ) R R R S R 4 3K B L R AR A K
ddPCRFINGS & HHTH7T 2% R+ AR, JEIHddPCR
IR F) B DUR I (K o, RS T . R
PRAS R 3 NGSHUE H T 2 Fh 58 A8 (Rl . il
HHEARKMEWARE LS, FARWRZ T ECEAR
WL BURCE PRI AR BZE I,

2.1 sARMS %

ARMSH WERET Y WA R AR R G, N 4%
FERRFFPCR, ARG 5 HE EEI:J:Taq DNAR &
fifi B /305 AN U BTG 1, PCRE |11 3" i A o7 il Ik
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DL XA R 5 B 0 R AR BETTAS R 51 80, DA T A6
W 52 A8 JE R 3% 7 A8 5 1 40 1R 3 v fin A 1A G
B, Ml ZAXAES H AR B AN, T SE B A
BOIL PR P 3, B X8 e P AT R R Uk B
HRT-PCRIMNE 747, H AT R H 0 FHRT-PCRE £
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PELE, A SLFREE T, b S R R UK R R



FE/N L EGFR SAEAG IR BT TE e 5005, 46

1939

e

1EARMS A ) ) |, Thelwell%[miﬂ:gﬂi
PO T RS I R j]ﬂ/\l/l\Scorpionfﬁf%‘%fo Scorpion
BRENRTE 0 TS PR R 5T 1Yl Db AT 0ldE, A1k
ZEMRRIEER L 12O L A RN PR K I A DL S Ak g
AR SRS YR R . ZEER N Y 7 51 BB A5 5 A A
W — BT S T ANRC T, R AR ARSI Y . TE
ScorpionfR &t 14 S Ui F 3 '3y 43 7| 65 422 1> 9 't 3 1 il
PRI, T 2OCRe LR R JF L, iy
AT AL T VO TCIRES o M350 A A8 51 9 510
DNA& AR K FNZEM R 5, 2538 N1 7 1) 5 A
HiDNAK AEREIRARAE , W 2 S 3k [T 5 e K
A, 7SO ES . T 5 AScorpiontifEl, FrLA
ZT A4 HsARMS o %05 i H AT E SR I AR
FAECH )12 (I EGFRZEAE JE ARG I 5 AR

L5 TR 8 240 M s B % ot 3 A A v
S ARMS, Sangerill] J¥* FITH C 45 3 Ff &Gl £ A
gh L 7R ARM S ¥ A ARG I 8 P (e 38 o T A e
oS 0 75 7% o Kimura PO s ARMS I 45 AR A6
M MLEEGFREAZFLN , W /RsARMSTLAG H R i 3%
BT YV (48% vs 38%) . )5, KimuraZs Ui
— 2 5% 42 151 Jieb 98 AL 4RI I TR T R 1) B AR A
SARMS LA L 7 HEAEGFRE L F N16.7%, —
%5 92.9%, IPASSHEZFT™ il Fil s ARMS 2 46 1 1L
T ctDNARYHS R IE5)23.7%, —FFK43%, FEH
I I i Js 0 R 2T 40 e FH s ARMIS T 46 1 1 9.8 451 2L 27
FUIL A 0 RE A Y EGFRIEAS I I, K6 ) A 2 3k
$17.2%. 1 HCH AL BRI HE AR, sARMS 46 I 45
BRE R, AT /D E 1% RAEDNA, FEEHIRAR
R Rl R S Sy N 7 O v 2 ol = =11 79 7 N VA
FHEC) RN+ A

2.2 ddPCR ik

ddP CRZ T BE AR J Ji 6 >f 1) — Tl s 0174 42 1
FE ARSI T, AT R DL R R A 1
xR H , R AL P CRY I R G AE 5 o b B
T4, DNAMIHR BB S #E4TPCRY ™Y, 1015 il
153 FAF b B AR R A S R A R E R L
(= Diehl%m]ﬁ%Beaming dPCREIAR, #t—H 1%
T RGN RO . R R | ) i
TERGIR R, PR @RS B AR 27 I Al i
T EATPCRY 1Y, Z )5 IR A0 M AR #4728
Jtit4k.

Yung?s ¥l FH d d P CRAG I Jii 985 1L 7 ct DN A f14
EGFRZEERIE O, BB FHE 5 B 40 0l 3k #1192%

F100%, ThressZ: > im f%F e AF 5% 7 LA A&
J5#:(dd PCR, BEAMing dPCRHIARMS) 7 Jifi J#
ctDNA M EGFRZEZE K il o i B0 vk FRE S 2k
25 . /R ddPCRFIBeaming dPCRE AT B &7 [ &
BE L, fH 2 S (83%F167%) 31 I LIk T-ARMS %%
J72:(100%) o I I XF T f0 R i 24 35 PR AH X B A
) Jili g T, 3k BN R B T ik S B TR 98 AR
1) 20 25 5 S R 0T I R VA7 A S, i, f
AT Oxnard %71 T ddP CR 2 25 5 12 Wi il 1flL i ct DN A
Y EGF RBEE A 25 3L A, K I gl e i ik 3] T
80%~90%, i 100%, [H)H} & BLEURIL R & &
5 e 0 gy S 245 W97 RORE 6, TR 24 35 TR Y o B T
ABI TR s

ddPCRﬁBeaming dP CRE A I A B A% A6z
o ELA B B, AR A M e T AL SRR AR R
AR S o ) ) R, I L BE A% Sl 25 A I i 9 K
SR AR R T 58 AR 24 A (1 R ) b 32 i
s ARMSH A 1Y #2502 HET L ifddPCR
XTRAE T 5 BER B, 1 AR BEAE [ P 5 gk 4 ),
ARG 00 % FH v B, A B I PR R ) A
o FILE HRTIEIRIGIT ., ddPCRE 2 A Tl
UG RAR A A

2.3 NGS %

1 38 N G SR 45 4 i B S ok B
KA, AEAE X il 6 9K 3l JE P E A7 4 L IR 4 Ve
N A B R €28 e by, G e P %8748 . HHE &
P LKA S, R AT LA S IR ik e s e Y
NG S A 1 A Gt A8 4 5 75 I 355 D5 4T T 300 bp
MIDNAF B, )58t i 4258 583k 51 9%
G kA #E:, PCRY MGG BT H AT )y, M
T EE RN, BTG ZMNGS Y&, FEM
$ERoche/454, Illuminafl1ABI/Solid =% /\ ®l T &
By &G, AFRET G SR NP CREL LT
PCRIFATIF LT TAE, P ICAF20054E 1 %8 &
A5 — BRIy Jr 15, B S 1llumina fISolid
ANFESE L B O MNGS T &2, NGST &
REg X Z M B AR A, WIDNA, RNA, mRNA,
g, Qe kUL H R DNASE TR,
o 0 3 B AL G AR A L AR R 2 K (single
nucleotide polymorphisms, SNP), k¥ PiiKaE ik
EIN(Cyanovirin—N, CVN)&%E/E\%%, HRH
0.1~0.3 ugRIAETE M T4E . NGSE AR ML 5
BET, SRR IS F100)2 0, 2 AR B
Al LAgE R I 100k LA b, AT AT LA 3K $1]0.2%~ 1% 1)
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T S E O E A, S ctDNARY 7 &
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EGEREAE ML, AU 7E70%~80%
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NGSZ R EIREGF BN —4 “XAH” , W
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MR EERNE,

2.4 H b4 M # K (Sanger M FF %, IHC, HPLC
70 SERS)

Sanger I /7 Fl L4210 )5 £ AR 2 I M EGER
278 Fe PR I - BE, 2 B AT 9 4 DN A 4
SR A bR o o (R 2 T TR A I R R I
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BAFAERAE, ML XA RAT KA HT, EAR
Z K AR A & R 1 4K, HPLCK: AR 4%
ARZHE N IR A H o

J # B= B B fes S0 RE R A T kA [ B L
fiff FH 2 D 38 560 7 = G 3 RG I0 i JEE 2 20 RN i s R
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T87.8%, S{EGMIHCHPCR R ILE, %k
HA K, e, wmizwnie s, pE,
FATHIFH 4 99 K WOk . EGFRZE AL 45 Sk B i by
A PORERER, AR 3 S ) It i R B s
TR 7% MM A EGFRE IR A, K I Al Uk
88.3%, i 94.6%",

3 #iE

AN LUAARAS | 20 2 K I b A 3 2 A
T R AR AR S H R R B A I AR A o TR
R UUE SNy PR S R E S SR 1B R Rl Iy g= W =]
R ZHARAUR T 5 2 10, A 1R AR I 45
R hBEK, AR — SRS AR, Jreeip
sARMS, ddPCRIEZNGSH: A 7l IR 1 i FH A W
B, A X AN [R] 2 B BR AR A I+ R 5 2
. OmARUE . P BN E MR, AR



AR/ NN EGER SRR I HOR R TE b #hts, 4

1941

S O i S5 04 e PR RS I 5 AR AN W R SR, il

0
-
fEay

N4
&}

Srm SRR RS IEAL R R, DT d R E 4R e AR
H BRI ROR A A o

Sk

10.

11.

12.

Mok TS, Wu YL, Thongprasert S, et al. Gefitinib or carboplatin-
paclitaxel in pulmonary adenocarcinomal[J]. N Engl ] Med, 2009,
361(10): 947-957.

Buttitta F, Felicioni L, Del Grammastro M, et al. Effective
assessment of egfr mutation status in bronchoalveolar lavage and
pleural fluids by next-generation sequencing[J]. Clin Cancer Res,
2013,19(3): 691-698.

Mok TS, Wu YL, Ahn MyJ, et al. Osimertinib or platinum-pemetrexed
in EGFR T790M-positive lung cancer[J]. N Engl ] Med, 2017, 376(7):
629-640.

Liu X, Lu Y, Zhu G, et al. The diagnostic accuracy of pleural
effusion and plasma samples versus tumour tissue for detection
of EGFR mutation in patients with advanced non-small cell lung
cancer: comparison of methodologies[J]. J Clin Pathol, 2013,
66(12): 1065-1069.

Ellison G, Zhu G, Moulis A, et al. EGFR mutation testing in lung
cancer: a review of available methods and their use for analysis of
tumour tissue and cytology samples[J]. J Clin Pathol, 2013, 66(2):
79-89.

Albarello L, Pecciarini L, Doglioni C. HER2 testing in gastric cancer| J].
Adv Anat Pathol, 2011, 18(1): 53-59.

Lai Y, Zhang Z, Li J, et al. EGFR mutations in surgically resected fresh
specimens from 697 consecutive Chinese patients with non-small cell
lung cancer and their relationships with clinical features[]J]. Int ] Mol
Sci, 2013, 14(12): 24549-24559.

Wang L, Zhang Z, Huang L, et al. Evaluation of Raman spectroscopy for
diagnosing EGFR mutation status in lung adenocarcinoma[J]. Analyst,
2014, 139(2): 455-463.

Billah S, Stewart J, Staerkel G, et al. EGFR and KRAS mutations in lung
carcinoma: molecular testing by using cytology specimens| J]. Cancer
Cytopathol, 2011, 119(2): 111-117.

Qiu M, Wang J, Xu Y, et al. Circulating tumor DNA is effective for the
detection of EGFR mutation in non-small cell lung cancer: a meta-
analysis[ J]. Cancer Epidemiol Biomarkers Prev, 2015, 24(1): 206-212.

Maheswaran S, Sequist LV, Nagrath §, et al. Detection of mutations in
EGFR in circulating lung-cancer cells[ J]. N Engl ] Med, 2008, 359(4):
366-377.

Marchetti A, Del Grammastro M, Felicioni L, et al. Assessment of

EGFR mutations in circulating tumor cell preparations from NSCLC

13.

14.

1S.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2S.

patients by next generation sequencing: toward a real-time liquid
biopsy for treatment[ J]. PLoS One, 2014, 9(8): e103883.

Ni X, Zhuo M, Su Z, et al. Reproducible copy number variation
patterns among single circulating tumor cells of lung cancer patients| J].
Proc Natl Acad Sci U S A, 2013, 110(52): 21083-21088.

Luo J, Shen L, Zheng D. Diagnostic value of circulating free DNA for
the detection of EGFR mutation status in NSCLC: a systematic review
and meta-analysis[ J]. Sci Rep, 2014, 4(4): 6269.

Su YH, Wang M, Aiamkitsumrit B, et al. Detection of a K-ras mutation
in urine of patients with colorectal cancer[ J]. Cancer Biomark, 2005,
1(2-3): 177-182.

Su YH, Wang M, Brenner DE, et al. Human urine contains small, 150
to 250 nucleotide-sized, soluble DNA derived from the circulation and
may be useful in the detection of colorectal cancer[J]. J Mol Diagn,
2004, 6(2): 101-107.

Reckamp KL, Melnikova VO, Karlovich C, et al. A highly sensitive and
quantitative test platform for detection of NSCLC EGFR mutations in
urine and plasma[J]. J Thorac Oncol, 2016, 11(10): 1690-1700.

Chen S, Zhao J, Cui L, et al. Urinary circulating DNA detection for
dynamic tracking of EGFR mutations for NSCLC patients treated with
EGFR-TKIs[ J]. Clin Transl Oncol, 2017, 19(3): 332-340.

Thelwell N, Millington S, Solinas A, et al. Mode of action and
application of Scorpion primers to mutation detection[J]. Nucleic
Acids Res, 2000, 28(19): 3752-3761.

Kimura H, Kasahara K, Kawaishi M, et al. Detection of epidermal
growth factor receptor mutations in serum as a predictor of the
response to gefitinib in patients with non-small-cell lung cancer[]].
Clin Cancer Res, 2006, 12(13): 3915-3921.

Kimura H, Suminoe M, Kasahara K, et al. Evaluation of epidermal
growth factor receptor mutation status in serum DNA as a predictor of
response to gefitinib (IRESSA)[J]. BrJ Cancer, 2007, 97(6): 778-784.
Goto K, Ichinose Y, Ohe Y, et al. Epidermal growth factor receptor
mutation status in circulating free DNA in serum: from IPASS, a phase
III study of gefitinib or carboplatin/paclitaxel in non-small cell lung
cancer[]J].J Thorac Oncol, 2012, 7(1): 115-121.

Guo K, Zhang Z, Han L, et al. Detection of epidermal growth factor
receptor mutation in plasma as a biomarker in Chinese patients with
early-stage non-small cell lung cancer[J]. Onco Targets Ther, 2015, 8:
3289-3296.

Diehl F, Li M, Dressman D, He Y, et al. Detection and quantification
of mutations in the plasma of patients with colorectal tumors| J]. Proc
Natl Acad Sci U S A, 2005, 102(45): 16368-16373.

Yung TK, Chan KC, Mok TS, et al. Single-molecule detection of
epidermal growth factor receptor mutations in plasma by microfluidics
digital PCR in non-small cell lung cancer patients[J]. Clin Cancer Res,

2009, 15(6): 2076-2084.



1942 I R S5 PR, 2017,37(9)  http://Icblamegroups.com
26. 'Thress KS, Brant R, Carr TH, et al. EGFR mutation detection in ctDNA 3S.  Pécuchet N, Zonta E, Didelot A, et al. Base-position error rate analysis

27.

28.

29.

30.

31.

32.

33.

34.

from NSCLC patient plasma: A cross-platform comparison of leading
technologies to support the clinical development of AZD9291[]].
Lung Cancer, 2015, 90(3): 509-515.

Oxnard GR, Paweletz CP, Kuang Y, et al. Noninvasive detection of
response and resistance in EGFR-mutant lung cancer using quantitative
next-generation genotyping of cell-free plasma DNA([J]. Clin Cancer
Res, 2014, 20(6): 1698-1705.

Couraud S, Vaca-Paniagua F, Villar S, et al. Noninvasive diagnosis of
actionable mutations by deep sequencing of circulating free DNA
in lung cancer from never-smokers: a proof-of-concept study from
BioCAST/IFCT-1002[J]. Clin Cancer Res, 2014, 20(17): 4613-4624.
Margulies M, Egholm M, Altman WE, et al. Genome sequencing
in microfabricated high-density picolitre reactors[ J]. Nature, 2005,
437(7057): 376-380.

Scally A, Dutheil JY, Hillier LW, et al. Insights into hominid
evolution from the gorilla genome sequence[J]. Nature, 2012,
483(7388): 169-175.

Valouev A, Ichikawa J, Tonthat T, et al. A high-resolution, nucleosome
position map of C. elegans reveals a lack of universal sequence-dictated
positioning[ J]. Genome Res, 2008, 18(7): 1051-1063.

Roychowdhury S, Iyer MK, Robinson DR, et al. Personalized oncology
through integrative high-throughput sequencing: a pilot study[ J]. Sci
Transl Med, 2011, 3(111): 111ral21.

van Dijk EL, Auger H, Jaszczyszyn Y, et al. Ten years of next-generation
sequencing technology[J]. Trends Genet, 2014, 30(9): 418-426.
Malapelle U, Mayo de-Las-Casas C, Rocco D, et al. Development
of a gene panel for next-generation sequencing of clinically relevant
mutations in cell-free DNA from cancer patients[J]. Br J Cancer, 2017,

116(6): 802-810.

A SR, EA&, 2/ /N i il R EGER 5 AR A6
FAR I HERE]]. IR SN B4, 2017, 37(9): 1936-1942. doi:
10.3978 /j.issn.2095-6959.2017.09.029

Cite this article as: GUO Ting, WANG Lei, LI Xiaofei. Research progress
in the detection technology of EGFR mutations in non-small cell lung
cancer[J]. Journal of Clinical and Pathological Research, 2017, 37(9):
1936-1942. doi: 10.3978/}.issn.2095-6959.2017.09.029

38.

39.

40.

41.

of next-generation sequencing applied to circulating tumor DNA in
non-small cell lung cancer: a prospective study[J]. PLoS Med, 2016,
13(12): e1002199.

Thompson JC, Yee SS, Troxel AB, et al. Detection of therapeutically
targetable driver and resistance mutations in lung cancer patients by
next-generation sequencing of cell-free circulating tumor DNA[J]. Clin
Cancer Res, 2016, 22(23): 5772-5782.

Yu J, Kane S, Wu J, et al. Mutation-specif antibodies for the detection
of EGFR mutations in non-small-cell lung cancer[J]. Clin Cancer Res,
2009, 15(9): 3023-3028.

Kato Y, Peled N, Wynes MW, et al. Novel epidermal growth factor
receptor mutation-specific antibodies for non-small cell lung cancer:
immunohistochemistry as a possible screening method for epidermal
growth factor receptor mutations[J]. ] Thorac Oncol, 2010, 5(10):
1551-1558.

SRUFAE, 05, WO, S5 S A B R I S e e s B ot 7 4
JEEGERZEEASIRAS [J]. IR 5 B A4, 2015, 35(7): 1313-1317.
GUO Haihua, GUO Ting, HUANG Lijun, et al. Detecting
the EGFR mutation status of malignant pleural effusion by
immunohistochemistry[ J]. Journal of Clinical and Pathological
Research, 2015, 35(7): 1313-1317.

Chin TM, Anuar D, Soo R, et al. Detection of epidermal growth factor
receptor variations by partially denaturing HPLC[ J]. Clin Chem, 2007,
53(1): 62-70.

Wang L, Guo T, Lu Q, et al. Sea-Urchin-Like Au Nanocluster with
Surface-Enhanced Raman Scattering in Detecting Epidermal Growth
Factor Receptor (EGFR) Mutation Status of Malignant Pleural
Effusion[J]. ACS Appl Mater Interfaces, 2015, 7(1): 359-369.



