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WaEF, wFFE, FA, Aam’, Kxxr'

(1. FBM R 5 — B B2 B SERE, FRMI 4500525 2. FRMI K2 B2 Rb =Bt , FBM 450052
3.8 S BEAEBEAR R A BE, TR AT 2 453003)

[ E] BH: B0THE /NI (non-small cell lung cancer, NSCLC) 4 3R KA K 32 {& (EGFR) F A |
Kirsten FRLPRJRT 55 K (KRAS) - [1] 725 P4 9k £ 907 13 il (A LK) 5 PR R BRL2S 1) 990 5 2 96 56 (X [ U 49 B 1 (BRAF)
FE IR 3R GR SN R B AR o T ik s AR R 27 55— it s 1% B i BB 12 NS CLC AR 35 3963l IR
975 LR R %Fﬁ%iﬁiﬁ:fﬁﬂﬂJ?(next—generation sequencing, NGS) # g 2H 2V EGFR, KRAS,
ALKHMIBRAFHER I A2 ARAS , A b 55 R A0 9 28 38 I L 5l R AR E Y G R o 85 R . EGFRHEER
FRAFBAPE A K 49.24%(195/39601]) , 2otk BRdgE . AR A B v 58 AR AR 1R (P<0.05) 5 KRASHEH 58
AEFHPER }8.59%(34/396H), FHYE. WE . KF 60X &AM & EH H 5828 K455 (P<0.05) ; ALK
FE I G AR PHPE 1 6.06% (24/3961) , 604 LU 4% (B h R AR RS B 5 BRAFFE R 28748 [H PR R
3.28%(13/396f4]) . HHEGFREG IFALKHRE A ILAE 1], EGFRA JFBRAFRAZ A2, KRASEHIFALK
GEASKEAE 1], ALK FFBRAFRAS A 15|, KRASE F:BRAFZARIAE 1], EGFR, KRAS4 JEBRAF
SRR 1], G NSCLCHHEGFR, KRAS, ALKFIBRAFRER 575 fHME = 5 16 S i E
G, 5B I AR B AR FE AR Gk, FEAE2 N DL IR AR ILAE  JRA7 3878 FR3E I I IR YT
T ZANE itk — A AR AR TEAR B
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Keywords

sarcoma (KRAS) gene, anaplastic lymphoma kinase (ALK) gene and mouse sarcoma virus oncogene homolog
B1 (BRAF) gene and their clinicopathological characteristics in non-small cell lung cancer (NSCLC) patients.
Methods: The clinicopathological data of 396 patients with pathologically confirmed NSCLC in the First
Afhliated Hospital of Zhengzhou University were collected. The mutation status of EGFR, KRAS, ALK and BRAF
genes in tumor tissues were detected by high-throughput next-generation sequencing (NGS), and the gene
mutation rate and its relationship with clinicopathological characteristics were analyzed. Results: The positive
rate of EGFR gene mutation was 49.24% (195/396), and the mutation rate was higher in female, adenocarcinoma
and non-smoking patients (P<0.05). The positive rate of KRAS gene mutation was 8.59% (34/396), and the
mutation rate was higher in male, adenocarcinoma and smoking patients over 60 years old (P<0.0S). The positive
rate of ALK gene mutation was 6.06% (24/396), and the mutation rate was higher in young patients under 60
years old. The positive mutation rate of BRAF gene was 3.28% (13/396). Among them, there were 1 case of EGFR
combined with ALK mutation coexistence, 2 cases of EGFR combined with BRAF mutation coexistence, 1 case
of KRAS combined with ALK mutation coexistence, 1 case of ALK combined with BRAF mutation coexistence,
1 case of KRAS combined with BRAF mutation coexistence, and 1 case of EGFR and KRAS combined with BRAF
mutation coexistence. Conclusion: The positive rate of EGFR, KRAS, ALK and BRAF gene mutations in NSCLC
patients is similar to that reported at home and abroad, and is related to the clinical and pathological characteristics
of patients. In some cases, two or more gene mutations can coexist, and the clinical treatment of patients with
coexisting mutations still needs to be further studied to provide evidence-based evidence.

non-small cell lung cancer; EGFR gene; KRAS gene; BRAF gene; ALK gene; next-generation sequencing

Jils 98 J2 42 3K i AE AH G A T Y s H UL LA
FAEA 18005 NPT I s A Al . /N4
Hﬂi%(non-small cell lung cancer, NSCLC);EHFWEJ'E
M180% , FL ULAY 2 A8 He AT & AR K R F 52 1k
(EGFR)FE[H | Kirsten fl A J8 (KRAS) JE K | [a] A5 1
Ihh 2L 93 % I (A LK) 5 DR R BRI R 9 o i o ik ] ()
JEYIB1(BRAF) N4 20054 LISk, AP
KT ZMNSCLCH CHIE i 12, JFXTEGFR
RAZ ALK 4 NS CLCHEAT T 48 % 43 R A $E 1]
2iYRYY . I8 T NSCLC R & 1) Fils 1% i
B TR 9 A% A6 N RE A6 418 52 AF I 1) 24 ) 1) E S R )
R, P 0 B TR 9878 B A DN 7 1 A A 9 2 21
fb2# (immunohistochemistry, THC) . #¢J6J517 %
A% (fluorescence in situ hybridization, FISH)FIK
A% EPCR(RT-PCR) . Uil J¥ (next-generation
sequencing, NGS)HE[m] e il 22 5 P 5 AR 4R FUHT
ReIEDGEAS I, HAT B o O R R S
I BE 5T N NS CL C 1Y A P 98 72 2 AH B 57
M HHEF M, WEGFR, KRAS, HER2, BRAF,
ALK, RET, ROSIFIMET, F4E, kB £
e R W X Se S ] LIS Rk, AR AT i
N GSHZ A 396151 77] B 1y X NSCLC f8 # EGFR,
KRAS, ALKJ¢BRAFHENGEAL R K RAMG A, R
P LA 3 PR 5 AR AR A5 5 1 R e B AE Y G &R

B AE N> THLIEG YT . B NSCLC R Y s 2

1 XMRE5HZE

1.1 3t &

e HE2017 220 1 84F KM R 2 26 — i J& = e i
i H AR B2 12 Wi i 396 INSCLC R 3 B9 9% [T
PERE,  HLITA 9 ] G 4H S B AR AT 58 K (35 G bR
A328%] . FARRAGLE] . A7), Hd B
20901, 1876l HilRsw318M4], E AR 786 ;
W <60 B165H], =602 23101 A WMk
1440, ANWAH B EZ 252005 I R A1~ 118
14161, TI~IVIH255H1] . ABFIE L FRATF BN 2= 5
— B B B s 2 AR R D S

1.2 Ak

WAENSCLC ¥ S 8 7€ . A7 B U 1L (FFPE)
L, DAHTE [ A S U0 TR AR UM DNA
JERHATW . B3, DT R N H A A A
B DR 2H SO o R R RE I A A O A £ 45 8 8 4>
NSCLCAHIKIEH , SR )5 K H1llumina Hiseq X103l
JPF G AT I, K AT 200 DR A Fod o vk, Ik
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1.3 Grit#hbiE

K HISPSS 21.048 T A AT £l 70 b, 4 1A)
A HLER IR S, B0 SR 81 2 (%)
FoRk, P<0.0SHERELAHE L,

2 AR

2.1 EGFREARTREERKFIEHIENXER
fE396BINSCLC B # , EGFRE A R A
PHPER K 49.24% (1951), Horp B fy & 58 48 R
86.15%(16814]), WGz 54N B F=A1H], 755
BRG], 185 /ME FRAZ 24, 1954508 F
A7, 207 A B FRAE 106, 215408 TR
ARG s XAV R AEH13.85% (271, LIE3HIH
1852054 8 754, 36 h18521 54 725
AL 106195205 48 BT 5 AE, 6l oh21520

R 1EGFR, KRASPRYES A EE B IR RRIEFHERXT L

AN TR, 4215 A KA, 1621
S AL FL8S8RSGLINCO1446-EGFR(ES:E25) % [H
Filt 5 [A] I 98722 . EGFRAE PR 98 742 S8 35 1 i PR LA
ey ey T 5P L i e T AR L AR
TR, 22 RS2 L (P<0.05) . EGFR
SN R A5 B E AR M TNM A 5% (P>0.05,
1),

2.2 KRASERRTRESERFEFMENXR
TE396INSCLCHE #E H, KRASHKE K 5 48 [fH %
FH8.59% (34), s FaAE3 1 (Hh 4l &
LIS 250 - WU s 848, S35 R AR 3
BYEMKRASIEIN AR 33 Tk, B TAERR
JE, WIHE S TAWRIME, =602 H T <608, £
FH G L (P<0.05), MKRASEA RS B
TNMF TG (P>0.05, 1),

Table 1 Comparison of clinicopathological features between EGFR and KRAS positive and negative patients

EGFRIE[H /[ (%)] KRASHEH /[451](%)]
I PRAREAIE
+ - e P + - e P
n 195 201 34 362
PES 33.897 <0.001 13.053 <0.001
L 74 (35.4) 135 (64.6) 28 (13.4) 181 (86.6)
8 121 (64.7) 66 (35.3) 6(3.2) 181 (96.8)
R/ % 1.374 0.241 6.799 0.009
<60 87 (52.7) 78 (47.3) 7 (4.2) 158 (95.8)
=60 108 (46.8) 123 (53.2) 27 (11.7) 204 (88.3)
WA 31615 <0.001 6.123 0.013
= 44 (30.6) 100 (69.4) 19 (13.2) 125 (86.8)
o 151 (59.9) 101 (40.1) 15 (6.0) 237 (94.0)
HEHA 51.552 <0.001 6.602 0.010
i8] 185 (58.2) 133 (41.8) 33(10.4) 285 (89.6)
AR 10 (12.8) 68 (87.2) 1(1.3) 77 (98.7) 2.128 0.145
TNMZ31 0.261 0.610
I~11 67 (47.5) 74 (52.5) 16 (11.3) 125 (88.7)
1I~1V 128 (50.2) 127 (49.8) 18 (7.1) 237 (92.9)
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23 ALKEERTREERARFEFIENKLR

TE396BINSCLCE T, ALKHE[F 2748 fHE %
$16.06% (2401]) . ALKFHE R BALA 15 28745 2. 70.83% (17
), HAhH 136 NEML4-ALKEER G4, 144
LCAS-ALKZ:FH @5, 14]AL0C101927577-ALK
FEHEG, 1R 35M F Arg3 1 1 HisHh L RS,
LI A 55 350 T Trp2 88 Arghts LR AE 5 XUA 1 58748
%29.17%(761), 4B EEML4-ALKFH GGG
ADAM?28-ALK, LINC01250-ALK, FTHIP3-ALK,
NRXNI-ALK, SLC8AI1-ASI1-ALK, XDH-ALK,
LOC100288911-ALKIEHFlA . 4Fi#y<60% ALK
FEH ARG T =604 4 (P<0.05), RERSH
HPER] . MR R AR TN M B TS
B S AH ek (P>0.05, F2),

2.4 BRAFERERTRES S IGRFIBIFMEHNX R
TE396HINSCLCH & ', BRAFILH &R A

&2 ALK, BRAFRRTE 5 A 8 E B9l KRR IR FFAERI R B

FHPE 2R Ry 3.28% (13%1), Horp B fy 5 548
92.31%(12M1), HLF55E 64 W F AR 840 i T %6
BAE, FHr1sh R FRAZ 26, F1358 R F
RARLE), HE1sHM T RAZ 7] 5 RUAL g 5 AR
7.69% (1), BI%E154h i FV600ER I 114b
I FR462TR A . BRAFHE R4S R 5 B4 1
BRSO MR AL U TR IEIR S I TN M 4
9 35 S i PR g 3L ARE A1 1 TG B 8 AH DG 1 (P>0.05
*2).

2.5 24K E B F =T B EH A IR R RS

w7 Z RN R AR E Y, Behl, L1fl; 4
B4R <603, 3BIAERS =602 ; 47 fili A i) Hu
ST, e Il Sk VA ) £ A 248 5 A R s A R S
TCWHE s i B E 2 T~TIHT A R L], TII~TV
W) B 65 71 22 3 [N 28 78 JL A7 B8 1 O i
(#3)

Table 2 Comparison of clinicopathological features between ALK and BRAF positive and negative patients

ALKHERH /[151](%)] BRAFHE[H] /[ (%)]
9 FRFIE - -
+ - X P + - X P
n 24 372 13 383
PES] 2.393 0.122 3.144 0.076
5 9 (4.3) 200 (95.7) 10 (4.8) 199 (95.2)
i@ 15 (8.0) 172 (92.0) 3(1.6) 184 (98.4)
R/ % 14.782 <0.001 0.657 0.418
<60 19 (11.5) 146 (88.5) 4(2.4) 161 (97.6)
=60 5(2.2) 226 (97.8) 9(3.9) 222 (96.1)
W 0.572 0.450 3.681 0.055
= 7 (4.9) 137 (95.1) 8(5.6) 136 (94.4)
& 17 (6.7) 235(93.3) 5(2.0) 247 (98.0)
HLHER 2.086 0.149 3.297 0.069
i8R 22 (6.9) 296 (93.1) 13 (4.1) 305 (95.9)
A i 2(2.6) 76 (97.4) 0(0.0) 78 (100.0)
TNMZ31] 1.253 0.263 0.048 0.827
I~ 6(4.3) 135 (95.7) 5(3.9) 136 (96.5)
I~V 18 (7.1) 237 (92.9) 8(3.1) 247 (96.9)
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K3 SEFARTHEBE R IaREIERE

Table 3 Clinicopathologic features of patients with multiple gene mutations

g5 B TNM

g MR AR/ S R St R AR S EGFRIE[H KRASSEA ALKSER BRAFHE[H
20 gl
1 ) 56 ySyili NdeE = Ia Exon-20 Exon-2 G12V — Exon-13 TS21A
D770-N77linsG
2 Lz 68 A fii JilE = v Exon-20 = = Exon-8
Val769Met Arg347Gln
3 E: 53 il R & Y% Exon-21 — — 159MV600E
Leu858Arg
4 3 s6 LM B = A% Exon-3 — LOC101927577- —
GIn83Leu ALK
S % s3 Al = 1Ib — — Exon-3 Trp288Arg  Exon-11
Gly469Val
6 & 65 LRl B w5 vV — Exon-2 G12D — Exon-15 V60OE
7 CE 63 FHT JE 1\ — Exon-2 G12V EML4- —
ez ALK(E6:E20),
LINCO01250-ALK
(Lintergenic:A20)
3 iTFig A31H1(91.17%) , 35N B F5RAE361(8.83%),

EGFRIH UL 1Y 28 48 J& 26 1941 W - 2k A g 21
HMEFL8SSRILERAL . X WA~ 58 A8 44 b ir /5 EGFR
RAL90% 7, ShiZE P N EGFRZE AL 15 K s ifs PR
ML AR EA K, EMIE . ot AT
AW ) N B R L, R S g
EGFRILEN R E H25.35%, HPLI1954 8 T
E19del(48.15%) 1215 4} i T'L858R(37.03% ) %
ARk A, e e AR WK R RR g R A XU T
o ARMFFH 195 A T A2 15 A1 5 7 2R 07 5
ARGy R 730 (43.45%) . 81191)(48.21%), ALK
(91.66%), HZW Tk, EWMMRERE, 5
PIAEWF 5T — 3K .

KRAS A & e w W) 80 oK 8 28 48
20%~30%NSCLCH# # & /EKRASZE A1)
R BARERE . WA . MR . B
SR UIN EE RN AR ol NI (5 A L R g i
g R L X ER A R BIKRAS [ 548 K Ny
11.40%, ZUWTFE4 . B 8120 IR
BB . YuS5 IS R B 62401 (92%) E Y
1259878 s3] (8%) H (13 % i 158 1%
H 13200 F 2748 f % 128550 58 748 B % A 17 10
Bl ABEF T KRASHASHH8.59%, 2k b+ 58

P IR . KT 605 B S #H KBRS,
A LATE 52 45 SR AR

ALKHE R fl & ENSCLCH 5 % W 1Y 1% 1k A
i FEHLE, A 5% fE WA ALKEL G 2
EML4-ALK, ‘EHAE ZMMAEMK, o] LIy iR
it A0 o1 59 v s JE R ) 0 . ALKER HEE WL T 55
P LAESRS . MR B i B R Y E T
SEUSIRETE 0 . ALKR A 35 DR B L 5104 9.0% , B
P RAL G P A O . AWFF R ALKBHM: % 6.06% ,
60% LI T AR5 /B b S8 AR BB, I IR e B R
IES DM RA 25, RKEAT RN AR E
FEA D, X IABE R R HE AF2ZERH X,
CARiE " 5 ALK K A Rl B R N EML4,
TFG, KIFSB, KLCI1, HIP1, SPTBNI, TPR,
CLTCL1, NPMI, VCL, ATIC, TPM3, TSPYL2,
RANBP2, RNF213% . AWF5¢ 30 i NGSH: I &
WEMSALKREL ALK RIS . LCAS-ALK,
LOCI101927577-ALK, ADAM28-ALK, LINCO01250-
ALK, FTHIP3-ALK, NRXNI-ALK, SLCS8AI-ASI-
ALK, XDH-ALK, LOC100288911-ALK, iXYtghs
FEHAENSCLCH I W S T WML v AS B A, 75 22
22 R A RO S WF 59T BT R ALK Bl 56 RIE R i iR
PR, O o A o B v Ak L 2 Y 2 ) ok A ) LR
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BRAF 3 R 58 A8 K He 75 3% ~ 8 9% 1 Jili i 9 oF
2750% FBRAFV600ESE 7S , Hifth 4 WL () BRAF %S 75
G5 BRAFG469A/VHIBRAFDS594G2E 45 | 4l %
H:7E35% F16% [ BRAFZS AR [YNSCLC 2 # 1)
Ding % "L A1 6800 i, WFSTLE R BN
BRAFZEAE R 1.7% (28]) , B WL T ANWAH . At dis 28
. BRAFGEZR G - ol ipfn . %% . 2Wr
AF o300 45 0 B 3 AR DG . ok 45 &% S BRAFIE

HEZEH7SH(11/146), TREMMLAX,
SR E M A SR R AR

FEIK, AR, BRAP%I% SBHPE
3.28%(13%)), H 2878 BHM: R 5 1t PR BURRAE JC A
Kotk AR ENIMEER A, I KRR E
55 16 N A5 R — S0 TR R AT BE R Y A 3 R Y
1‘175'“751%7!\5]%%&55'@%75%%, [[TREREER =
e 3 i /D B 25 AN
AWF5EEGFR, KRAS, ALKFIBRAFH:H WL
D7 A ISR 5 M 13.85% (27/195) . 2.9%(1/34) .
29.17%(7/24) . 7.69%(1/13), EUEHEZL“"“H%
B AR, AT RE R LA Y R X A7 A A —
D7 5 2R T A A 6 o WA A5 2E AR (YR I“J)’cﬁi}:
WS B H, XA AT RE R S IR T T 2 0 R 2
— T B RN B R R L HIL A AR ) YA
JT I T o

AlrifaiE P 0GE T 1K I . RI7 RIS
BRAFZEZF FIALK @A 19 69 % Rk 20 i 3 £ 35 .
BEREZ TP R R ST . Shin% PR
3B AR A R IINSCLC R E, BENS
JFEGFRHMALKRl A %874, HEGFR-TKIXfEGFR/
ALKEZHAFHNSCLC B W7 30 TALK-
TKI. A58 A WEGFRA I ALK S AL (Y M 4 %t
TR R O b T AR e A B A A RN R Ulivi%s Y
WF5EHR3E . [ FHEGFR-TKIIAY T EGFRHAIALKIL /7 58
AR IR B 67% M I R AR 25 3, T B AR FB O Y
i R R 81.7% o AR 5T IeAa I 2] 7 45124~ J DA 1
FLH LR 2 AR Y B R, B (e, 85.71%) .
W (S, 71.43%) . TNMHEH(6/], 85.71%)% %
2L AT, I AR PR AE 5 DA B 5% A5 350 43
Z5, ZHRRETWH, BMBINSCLCEE ., £5

PRl 28 75 5 7E MR INSCLC JR 3 R I s 3k, mT BB J2&

PR Ay 22 B PR G I 5 A8 S B0 R o A far, DT 8 B
JeR B R B 5 Kk

2% |fifik, EGFR, KRAS, ALKFIBRAF[%
AR ENSCLC B W Il AR s BEARR AR A — 8 AH G
P, HABAEAE S f5 5 A, S PR BT A5 R XUV A

AR A HIL ) BHR ] 3R T 9T O IR A T, NGS
RE 2 2 50K I 22 56 PR 28 A8 K ELARAV 55, 7ENSCLC
E‘J%lﬁ?ﬂ'*ﬁﬁﬁ%@%x H2o4M KU EW
EGFR, KRAS, ALKFIBRAF%E7:v] [a] i} % A T 17
VI, 25T H 2 58 P R AR B ] 25 3R 97 B8ORS
WhE, A5 Z AR,

S 3k
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