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[# ZE] B850l e AR NI K S5 A H 98 o 773K W Ton Torrent 3 2 JU P16 , &l
150 I3E /N Bt Jifi 958 (non-small-cell lung cancer, NSCLC) £ # EGFR .KRAS .BRAF .NRAS . Her-2 1 PIK3CA &K 2878 , 31 H
Sanger M 72 AR T PCR (droplet digital PCR, ddPCR) 46 150 4] NSCLC 83 EGFR F& [H 28 45 , %45 k45 %} o4y
Bio #55:EGFR .KRAS .BRAF NRAS Her-2 FlI PIK3CA FEFE 54546 11 3537124 51.339%(77/150) . 7.33%(11/150) . 1.33%(2/150)
1.33%(2/150) .2.00%(3/150) F114.67%(7/150) o 57 Blhm A AAG HAFA0 FE R G AE | 84 BilFR AR H HLANBR B SE R & AR 2848, 9 f]
FRAK 24 B DL F RSN EE R & AR 5878 . Sanger T 5K EGFR DR 2875 , S35 6 H1 3N 38.67%(58/150) , 5 25 18 H- I 2
L, 258 Gt L ()'=4.862, P=0.027) , = i 0715 1Y R U K 98.28% , 15 5 1% 4 78.26% . ddPCR L5875 46 HY Ry
50.00%(75/150) , 5 v 8 0 e 1 FU 8%, 25 53 048275 L ()¢*=0.053, P=0.818) , FHE—30% Hy 82.67% , BATE— % 4 80.00% ,
B3R N 81.33%., L5 : =3 F I 71k B 1S A 0 T NSCLC 1297, Sanger 75 Ml ddPCR s 1 AT 25 AN o

[RER] AN ; SR B R 578 5 B53d 55 s Sanger MJF ; U 208U PCR
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High-throughput sequencing of driver gene mutations in non-small cell lung cancer
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[Abstract] Objective: This study aims to investigate the value of detecting driver gene mutations in non-small cell lung cancer
(NSCLC) patients using next-generation sequencing (NGS) technology. Methods : Somatic mutations in 150 NSCLC patients including
EGFR, KRAS, BRAF, NRAS, Her-2 and PIK3CA were detected by Ion torrent personal genome machine (PGM). Sanger sequencing
and ddPCR was used to test and verify the results of EGFR gene mutations. Results: According to NGS results, mutations were
detected in EGFR(51.33%,77/150) ,KRAS(7.33%, 11/150) , BRAF (1.33%,2/150) ,NRAS (1.33%,2/150) , Her-2(2%,3/150 ) and
PIK3CA (4.67%,7/150). There were 57 samples without any somatic mutations in all genes, 84 samples had one or more mutations in
single gene, while 9 samples harboured mutations in two or more genes. The overall detection rate of EGFR mutation by NGS and
Sanger sequencing was 51.33% (77/150 ) and 38.67% (58/150). The difference between the two methods was statistically significant
(x’=4.862, P=0.027). Compared to Sanger sequencing, the sensitivity and specificity of NGS assays was 98.28% and 78.26% ,
respectively. The overall detection rate of EGFR mutation by NGS and ddPCR was 51.33%(77/150) and 50% (75/150). There was no
significant difference between the two methods (¥’=0.053, P=0.818). Compared to ddPCR, the positive concordance rate was 82.67%,
the negative consistency rate was 80% , and the total concordance rate was 81.33% . Conclusion: Next - generation sequencing
technology is more suitable for the diagnosis and treatment of NSCLC. Sanger sequencing and ddPCR can be useful supplements.
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Jit i 2t S R N s S A P S e
YRR 2 —" P EREAE g TR, T E 2015 4R
A 429 T3 15 Jiti S 58 A e 91, 281 T3 45 i g T T 0
220 i O R T 24 80% 9 IE /)N 48 S i 98 (non-
small-cell lung cancer, NSCLC) , 60%~70% [} NSCLC
BEAHZH O T, KETFRIBITH
2o EAER LR A K 52 4 (epidermal growth
factor receptor, EGFR) - i 2 12 1 1 411 1] 551 (tyro-
sine kinase inhibitor, TKI) {3 09 8 0] 35 97 BUAS:
KUK, WFFEEM , EGFR .KRAS . BRAF NRAS,
PIK3CA Fl Her-2 45 2 A (1) 28 28 IR & 5 NSCLC
S8 TKLAE [958 T7 097 2% b g 7% % L) K 7t s A
KT DRI, 4 T A G b RGN A 56 3 IR AR R
EE,

H R A 3 R I 75 v 32 25 Sanger T
2 el I P ROR | SERT O E 1 PCR A L =X
7 PCR 4% AR (droplet digital PCR, ddPCR) %
Sanger Il J3 725 94 TA Ay 2 PRSI %) < G b e, (ELH:
ERAE AL IR BB FERTC A R B AN,
Dy H AR BA g s A U o AT RE T, REfS — Uk Aar il 22
ABER B Z A5 AR ST, 198 IR FEAS DNA
ddPCR F A — P A Jr e >k il s, AT
v R R RN R R, L AT 4 X

AHIFFE N FHA AL LR 4 DT (personal genome
machine, PGM) - &5 , X} 150 f] NSCLC # # EGFR,
KRAS . BRAF ,NRAS . Her-2 il PIK3CA 3t [H] 58 25 4k
AT I3 Hr , Rl BF SR Sanger U JF A2 ddPCR
FeARXS 150 5l NSCLC 35 EGFR & [ 28 AR R A4 T
R I i A EE 23T

1 #RFFTE

1.1 Ak

s I AR : DG BEIESE R NSCLC; @A4FRY K
F18 % ;@A rl AL (CT MK AE=10 mm) ;@
O I R B T RE B BRI AR AR IE R D
B K@ IR o e B HEBR bR v - D i
rfe ™ E RS TS DR E R E A QR M
g B M B FLIA 0 2 . e BRI 1 g A I
HE B s 1 WSO VT K 2 B i B 2% B I i R 3 K
7t E B BE 2016 45 5 H — 2018 4F 6 H i i2 /4
160 BIVE A BFFEXT 5 o M 2 8UbR AR I8 T 5%
o B8] 25 ) 5 R S5 A 2R T bR A A AL B AR AR
AW 5T BT AT R B R B, I 2 B e s 2= e 3
Z et

1.2 Fik
1.2.1 DNA#RIER

¥ FH QIAamp DNA FFPE Tissue Kit % 7] £ (41t
5157050679, LA\l PR ) i BaR) & v iR
BAE, $REUCDNA L, >k H Qubit® 2.0 fluorometer dsD-
NA HS assay Kit il £ (it 1871944, FEER C /R
N 26 DRI DNA BV B F4li i, sk
B L YA DN A Y i BEALFRE
122 & &0 5 K40 EGFR,KRAS,BRAF,
NRAS . Her-2 #2 PIK3CA A B & %

DNA & H Agencourt® AMPure™XP beads ( Il 7
S EIRAEA T, L ED AT alifk . SR A SR
AR G (BB R /R AR, SR, He BRI A5
1, TP R Befl, e S R kA5, A 3R A5
DNA X J%E . % ] Ton PGM Template OT2 Reagents
200 X5 & (L5 4481107, FEER KR AF], 6,
Fie BB U 542 4E , R Ton OneTouch {5 #EA 741
7K PCR JZ )i/ , Ton OneTouch ES {X #8047 HAR & 4 .
K H Ton PGM™ Sequencing Supplies 200 v2 M 5 i
& (Jit5 4482007 , FEER /R A F] L SEE) , AL
D, BRI F SR EE > 100045, 5 X dek 3 —
J¥ >95% . & H lontorrent variant caller plugin v4.0
AT R
1.2.3  Sanger M 5% 4 EGFR A& B ® &

iz PCRAYY 14 EGFR ZE K 18~21 /b . T H Y
FBL 5 Z % 30k [8] . R H Cycle-Pure Kit #lifk
R & (45 D6492-02, Omega Biotek 23 7l , FEH ),
Fi BRI B AR 4l Ak PCR 7% . % 1 Big Dye Ter-
minator v3.1 kit(#£5 1705129, FE2k K il /R A w5
VHEATIN Y KON, 44k, 32 FH ABT 3500Dx 3 R
ASGHEATI
1.2.4 ddPCR ##m EGFR A B & %

& H 2 [# Bio-Rad 23 F] QX200 Droplet Digital
PCR & %t , #% B 7 H1L 55 & Prime PCR™ ddPCR™
Mutation Detection Assay Kit(#t5-1863107.,1863103
1863104 . 1863105, 1863106, 35 [F Bio-Rad /A 7] ) i
B -FER1E , A EGFR JE [ 18 7 i F p.G719S, 19 4
i F p.E746_A750del, 20 5 i F- p.T790M, 21 4} ik
F p.L858R Fl p.L861Q {7 s ZE AR AT o BHEH1 2
“chl+ch2-"IX i =31,

13 %itssE

K1 SPSS 19.0 Geit 28 A7 53 W, o PEBE

R R] FL R R RS, P < 0.05 24 R A it

A1) NN
Ey= 'R
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2 # R

2.1 ZHiBFN A AR KR R T ENSCLC &% F
Ep

ABFFEAZH 160 ] NSCLC H 3%, JE UL 4H 4R
ADNA, 2450 10 FIARA DNA BTt ANFF A SE L
KX AR 150 BlARAHE AR I . b 3B 87 B, %
63 1] ; AEWR <60 2 57 14, =60 % 93 151 ; Jig BRI Ay i
I 109 191, 965 34 91, B df i 2 ), FLAh S 4415 5 - vh
k6141, A5k 89 51 TNM 43491 T ~ T1 3 524515 T ~
IVIH 98 191l 150 Bl bRAS 34T ey i £ 0 Py Al , 445
7%, EGFR . KRAS . BRAF ,NRAS ., Her-2 Fl PIK3CA
LR GEAR K H R4 91K 51.339%(77/150) . 7.33%(11/
150) . 1.33%(2/150) . 1.33%(2/150) .2.00% (3/150)
F14.67%(7/150) o 57 FIFRAARAGE AR FE P 247
84 BilARA K HY BRAN UK 20 3 PR 4 A 28748, 9 Pl AR AR K
W2 A B D IR BRI e A 57

6 FiBRBhFE R, EGFR JE K 575 46 HY R fe iy
77 bR A LA H 86 4> EGFR He K 578 , Horh A 9 14
BEKH EGFR JE PR XU S E AR, EGFR A
AR AR TP AE EGFR 2 K 19 A1 I {5k 2 2828 Al
21 415 L858R i s 545 , 43 5l 1 33.72% (29/86)
M145.35%(39/86) , HARZE R UK 1, KRAS HE[H %
AR 1213 %85+, b 12 %%+ 1 91.67%
(11/12), 1B E 12 RS TR H G12C ML G12V A
AR . A 5878 o 2 6] BRAF 3 PR 28 745 43 31 Oy
V60OE FI L618F 13 15,5845 . 2 f5i] NRAS & [H 58 48 43
5124 G12D A1 D33EA S 548 . 34 Her-2 3[R 5848
18 P761H i £ 98748 . PIK3CA 3 [ 98 75 43 i Hy
ES542K  E545K Fll H1047L 37 5 58745, Hod 1 ) f 3%
Foi th ES42K 1 ES45K AN R i 5 A a8 48, HLR
ZER N2,
2.2 &l &M Ak Sanger M A ik F= ddPCR 46
EGFR A& B R & 69 rbi

150 k5 AR 5% FH 4 b vfE Sanger I 5 2 461 EG-
FRIEH A, S ARKG 1% °h 38.67%(58/150) , 5 i
T o P R ARG R [51.33%(77/150) | L%, 2
SH G E X (¢=4.862,P=0.027) , i@ g5
2 R K 98.28% , K51 4 78.26% .

150 {9l b5 7 5% A ddPCR ¥ A& il EGFR & K 2%
s GRARK H RN 50.00% (75/150) , 5 v 38 0
B, 2 7 gt B L (=0.053, P=0.818) .
PHE—E0R K 82.67% , B —E0%K 80.00% , £ —%
4 81.33%., 3FIAE I i BAR LU LR 3.

®1 BEENFERNEGFRERRE
Table 1 EGFR mutations detected by high-throughput se-
quencing

PN ot R
e EGFR 24547 1, @Jﬁl

18 ¢.2125G>A., (p.E709K)
¢.2155G>A, (p.G7198)

19 ¢.2186G>C, (p.G729A)
¢.2245G>C, (p.E749Q)
¢.2248G>C, (p.A750P)
¢.2260A>G, (p.K754F)

¢.2127_2129del , (p.E709_T710delinsD )
¢.2235_2249del , (p.E746_A750del )
¢.2236_2244del, (p.E746_R748del)
¢.2236_2249del , (p.E746_A750del )
¢.2236_2250del , (p.E746_A750del )
¢.2236_2256del , (p.E746_S752del )

¢.2237_2251del, (p.E746fs )

¢.2238_2252del , (p.E746_T751delinsE)
€¢.2239_2256del, (p.L747_S752del)

¢.2240_2257del, (p.L.747_P753delinsS)

20 ¢.2369C>T, (p.T790M)
¢.2341T>A, (p.C781S)

21 ¢.2471G>C, (p.G824A)
¢.2500G>T, (p.V834L)
¢.2573T>G, (p.L.858R)
¢.2582T>A, (p.L.861Q)
¢.2588G>A,, (p.G863D) 2
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x2 BEENF XK KRAS.BRAF.NRAS .Her-2 7l
PIK3CA EFERE
Table 2 KRAS,BRAF,NRAS, Her-2 and PIK3CA muta-
tions detected by high-throughput sequencing

JEP] RAR A RAL 1%k

KRAS ¢.34G>T, (p.G12C)
¢.34G>A, (p.G12C)
¢.35G>A, (p.G12D)
¢.35G>T, (p.G12V)
¢.35G>C, (p.G12A)
¢.37G>T, (p.G13C)

BRAF ¢.1799T>A , (p.V60OE )

¢.1854G>T, (p.L618F)

NRAS ¢.35G>A, (p.G12D)
¢.99T>G, (p.D33E)

Her-2 ¢.2282C>A, (p.P761H)

PIK3CA ¢.1624G>A , (p.E542K)

¢.1633G>A , (p.E545K)
¢.3140A>T, (p.H1047L)

w
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%3 SangerillFi% . ddPCREFSEEN F L4 S LB
Table 3 The characteristics comparison of ddPCR,

Sanger sequencing and high - throughput se-

quencing
Sl Sanger il 7 ddPCR e 3 )
e 1L I Nt e vacd = 041 INEI B G DAd = S DA s ol |
For I R UEE 10% 0.049%~0.10% 1%

BAlyaR  CRIFRIR B M4 E % CHFRAZE
AR, AR AR AR TRIE A AR, AT Rtk

HFFIEE ERFIEL HFFIER
e JE 44 2~3d 1d 3~5d
RGN 3 {P3E PR oA

3o i

i 5 v 3 I AR AT R R, AR R
SRl Y L DR I 7E NSCLC 1297 Fh By W H 36
2o AW T NSCLC 2T FR Al 6 Bk 3 3k
AT 3 R A, I3 AT HAE 3R E NSCLC i
HHAE L

EGFR 3 [H 28 75 42 NSCLC ft o WA 28 A8 KL A
AAIFGE EGFR JE FI 2848 (46 th %k 51.33% , 5 LA AE
FIDTFFEHRE A AT, Kt 1Y EGFR J& R 5848 DL
DLIR 19 M 2 F- R 2 A8 F1 21 A0 421~ L8S8R i 1 58
A5y 3 [ It A 0 38 5 LA SR . SRR AGE
EGFR A 18 4 BT G719S ZE WL A7 5 58748 %F TKIIA
7 RURK (0 LR A B L5 AR | [R]RJEi B e
Ll 7 AR TR 7R 5 L 58 A8 AT ARk 18
A E709X LA 5 R AR 5 G719S FEVLAT s R A%
AHE , SUBPE IR, 21 ZM T L861Q FE LA 5 %
AF [ 18 A F GT719S FE VLAV 5 58748 — AR R B0 R
FH L EAR A o 20 A1 i T T790M 137 5. %8
AR 2R ARG UE SR 25 6 05> AR 9
B FE A5 A EGFR 3 PR 05 2 & 58748, A W98 48
DL AR 1 2 R A TR TR — S LR
AR ARG i A R R L AR R L B
KUFEA R, BT i — 20 5%

AHHFE HH KRAS BE R 58 A8t 38 5 SCHR B A
WA, SCHRRGE KRAS B2 28725 L G12C FT G12V
RASNT SR E WL A 5 Z AR\, G12D 7
MRBR M IRE . Zer F 2 MR EM , G12C/
G12V v 2878 3 2 TKUVAYT 5 WS 22, 1 G12D/
G12S i S 78 3 vl LU TKIVR YT Hh iR 25 o AR
8 K 2 Y 2 1) BRAF 3[R 28 748, 1 401y 22 i i)
V600K i s 22745 , 75 1451k Lo18F i i 5 W58 7%
WEFEFE B, NRAS JE R 2845 78 NSCLC H (1) & AR 4R

WA, 3 SN T L 61 S 1 2848 fe i L, Hik
2GS ANE T B 12 5 BT RA . AR
HH NRAS S A 12 5 %151 G12D i 45 5248 J2 D33E
FIAL T GEAS TR RN, IERE T 61 5%
HF5As, Song%:m]m%*gtﬂ NSCLC 5 Her-2 4 [H
AR DU AR A 58 A8 Fe R 5 WL, LR R PTOTH A g5 58
A5, ARG Z AN, K 3 515825 35k PT61H
P RS R AR A RS B R R A T it — 2
I3 o AT PIK3CA [ A K R h 4.67%,
5 IATRAF IR AT o B 1 0IFR A K H PIK3CA 2
2SRRI SR A 5 AR A, Hidy 6 B 58 A8 4 A
HA SR 5L LR A R I XA iR S
Scheffler 287 F BT FE—5

ML AF R [ PN A5 & B, AR 9K s 2 R AT LA
DLE ARG AT A5t A5 2AH R
S5, R B9 BIBRAAFE IR SR & 5 5848, ik
TN HELE NSCLC FTE B AT BEAS B — N IK B 56 (R i
YEF T2 24~ 3K Sl R PR L [ FH ) 25

AHIF ST 1 X EGFR & PR 28 48 BRI, 43 #r e
BT Sanger M 7% ddPCR 6 1 g i Ha 0 32 3 A
ANTR) A 5 9 o R e I vk R RS ) 4 s o
Sanger Il P72 M0 Hodst , EGFR FE PR 28 A8 K SR Kl 42
Fh, ZRBGEE o 3 I A R
I 5 T Sanger M 7 15, (H B 98 v 2 BRI B AR
Sanger Il FF 75K H 19 85 F Bt 2848 5 5 38 i
PPN AAG Y, 20000 mT 2 o e I v AR A
SBEERRAR T S R P AR AR R mE TR S
AR ddPCR B:AG I EGFR LR 2875 , #6255
TG L, BE F ddPCR A EGFR HE[K 28
U8 I T g R AR A 1 R {H 2P ddPCR 5
IR B AL REAGIN /D5 R A5 58788 BB 5
UL AN 1 2828 TCIEAG I, S BOR A AG 1 R IR o
CEARTE v 38 I v A R G U 3 2
ARG AT R B AN 2 AN SR E A R
NSCLC12J7 . Sanger il 71 ddPCR i AT AE A £
(RER 78

AR R 38 I R R N T NSCLC 1297 3o ##
WA 1 22 7] 8 R o A e, (EL it o o 3 o D AR
(AN 2 e, 4 SRR AR, 4 e A 00 Jd 0 % 4 v
TR R B3z U T et HO2: NSCLC 1y
RS W AR
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