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[WHE] Ex58/ XEAKHE T (epidermal growth factor receptor, EGFR ) FHIKRASKEE JEHE /N b il I3
(non-small cell lung cancer, NSCLC ) H2Z[1¥) /3 FHE 1, {H HATHIE £ 24 H7ENE HINSCLCZH AU I A AR A I EGFR
R, P HINSCLCLL ZUREAS H EGFRFIKRAS T AR FHIE Wi ANTE 28 o AWFITO BRI T - TTTafINSCLC EGFRFIKRASIHE [K]
FAR SRR BRI R . Ak RRAY 1 A 50 (amplification refractory mutation system, ARMS ) PCRJy
TG AE B A 5 e g BB AL (1 7 S4B L] - T Ta NS CLC 4 ZURE A ) EGFRFKRASHE [ 28 AR RN, A A S IR 58 48
REILGIGRRIAFEN E R . R EGFRFIKRASEEF P 5848 1 2848 F6 43 1) 2 34.5% M 13.1% ,  JLrfg 3filkE A
A A EGFRHAIKRASHEA M8 AE o EGFRIERITEZLMEH AY I AL 205 T I E (39.5% vs 29.4%, P=0.076 ) , TEARIEHHY
RALF (38.7% ) fo T . IREHE . KA (P<0.01) , {EA7S I AR T A AR 123 1% 0 755 WG 300 i s 28 28 2R
(-50% ) o KRASIHE[NZASTE TV I R AR 35 T 2ot (16.6% vs 9%, P=0.048 ), FLYENIE A S48 Al iy T AR
A, AZFREE (P=0268) . SKRASHFZAFFHMAIMNI L, EGFRIEH 5348 PRMELIFEAF IS /A0 A AR (b i R gy
(P=0.031,5) , 7EMEMN A0 HA BEMZS (P<0.01) . 45 DH-IalINSCLC EGFRIE N 5 R A i i (%, H.
EGFRHIKRASHE P WU IR AE 1) A 56 410.9%
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[ Abstract ] Background and objective Epidermal growth factor receptor (EGFR) and KRAS gene are important
driver genes of non-small cell lung cancer (NSCLC). The studies are mainly focused on detection of EGFR gene for advanced
NSCLC, and the mutation feature of EGFR and KRAS gene in early NSCLC tissue is unknown. This study aims to investigate
the mutations of EGFR and KRAS gene in NSCLC, and the relationship between the genotype and clinicopathologic features.
Methods The hotspot mutations in EGFR and KRAS gene in 754 tissue samples of stage I-IIla NSCLC from Department
of Pathology, Peking Union Medical College Hospital were detected by modified amplification refractory mutation system
(ARMS) real-time PCR kit, and analyzed their correlation with clinical variables. Results The hotspot mutation rates in EGFR
and KRAS were 34.5% and 13.1% respectively, and there were EGFR-KRAS double mutations in 3 samples. The mutation
rate of EGFR was higher in females than that in males (39.5% vs 29.4%, P=0.076), significantly increased in adenocarcinomas
(38.7%) compared to that in the other forms of NSCLC (P<0.01), but still lower than that reported in some Asian studies of
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advanced adenocarcinoma (-50%). Meanwhile, the mutation rate of KRAS was remarkably higher in males than that in females
(16.6% vs 9%, P=0.048), increased in adenocarcinomas compared to that in the other forms of NSCLC, but the difference was
not significant (P=0.268). Samples harbored EGFR mutation were younger than those harbored KRAS mutation (P=0.031,5),

and had significant difference in gender between the two groups (P<0.01). Conclusion The mutation rate of EGFR in stag I-1la
NSCLC patients was lower than that in advanced NSCLC patients. And the percentage of the NSCLC patients with EGFR-

KRAS double mutations is 0.9%.

[ Keywords ] Lung neoplasms; Epidermal growth factor receptor gene; Kirsten rat sarcoma viral oncogene; Resect-
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AE3R, NSCLCHIRYTHUS T Uk S, B K i izl
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SRR TG KOG . 7845 BB NG T 518, 58 B
M8 A K A FZ 1K (epidermal growth factor receptor,
EGFR) . HATEGFREUR AR, (AFH EEE .
JE I JE R R JE AT T 5 1 2 WL 2% i % (objective
response rate, ORR) | R AYICHE A7 (progression-
free survival, PES) LUK B S A ARG i, X st — | AR
EGFRJE 2 2 1175 (EGFR tyrosine kinase inhibitors,
EGFR-TKIs) fif2h)5, #7MZHLHIFHEGFR T790MA 7, fiff
JH=fCEGFR-TKIs (Osimertinib, AZD9291) JREEF- UK -4
WEYTRL I, XFEGFRZSAR B HERfAAS I A5 0 Ay e,
FIRTRIFSY 3 S rh 7E M INSCLCZH SR I AR A FEGER
. PIONEERMF 7" /%, 7 137 %5 [l 4 EGFR
TRAFH IR S1.4% , TE 5 Ih—IRIGNITERFSY, FEURIRIN T
A4V B NSCLC R I EGFRIE AL % 4149.2% , LjPIONEER
G55, AR A EGFRISE 24l =18 14.1%, 5 RE
NFEH IR R R AR ARY SR, X PR A, AT
AR A TE- T2 NS CLCZH 4R A B EGFREEAF G L [ A
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7340, AR A B A EGFREUE R NSCLC RS
XFEGFR-TKIsFH 1 B AT S7 4% . KRASKEER 4fid P2 14
FIL TEGFRAF 53 I FilF, KRASKEER 5848 2 f FiE {5
5 S IO AA AR P 4 e M TR, AN A2 Ui R [ 24 %
EGFRIFSZN, B FFE0EME NS . KRASEERN R AE s
iINSCLCH X EGFR-TKIsfA: i 25", [l £ 4 Tl
#1220, 2RI NEGFRAIKRAS SN 5825 J2 A TR
Ul (H R — LI PRATF 5 S K RAS SR 28 25 A LA A2 A
EGFREEAERY v, (H SRR & AR T 1%, B, (AT
K EGFRHIKRAS X4 FNSCLCEH ML) T HATH
E 7S -8

EGFRILN A L TAMiF18-21, Hp ISR 119
B R G A A F 21 L8 SSREK AR fe Jy 6 UL, 2497 A%
AR 190%™ . KRASHER 5 LI 8 78 5 3 M 5. 5848
90%[# KRASFHER 575 (v F FMi F-2 (R 5512 A1 385 -1
Mo AT B B FEH FHModified AMRS PCRESGIRE!
AR FLAL AR, A0 28 (4 T TR YIBR Y- 1112 8 £
NSCLCH #E 4 Z4UR AN HEGFRFIKR ASHE R ) i 28 AR IR
A, JETATAERUGRAR LA R L R 5 A8 Sl R I 2R A AR DG

1 M5

L1 APk bRk AL st R EE Bk FLRHT20134E1 72013
12 HAENSCLCHR A, bR A AU IR T TR 52 5 1)
FREVARAS, BRAMEF G G S RNG R bR A, KRS R
brAs, gl A7s445), Jorp B 37441, 3804 ; 4F
24%-92%, AR 604 5 AE 5120 : 404 LLT . 40%-49
A, 504-59% 604/-69% | 704 L) b BEFEA S HI R 154
(2.0%) . 53151 (7.0%) . 28244] (37.4%) . 24015 (31.8%) FMl
164451 (21.7% ) 5 FF3HY . BiEae2315] (82.5%) . RO 114
(12.1%) , fRffses1f) (0.19%) . HAd394 (5.3%) . FrfbrAs
¥2210% VAR /R AR 2 | ATl D1 A HEGY (5, iy
S B R A () U0 7 B2 W, % s A A2 008 1 s 240 i P
(R a2 osile
1.2 ik
1.2.1 DNA$EEU] Jow J] R B HLS5K-105K4 wm JFLAY 4 25
AEETI R A 2 DR, CRIE I 2 B AR 30% L |
A U 2E 20 i R A e 3 2 2 DN AR S 2 G 7
(RARAEALRH (b st) AIRAF) S LR 4IDNA,
NanoDrop 200054366 BE TG I DN A5 12 FIVE L,
P8 DNAW G FEME A 60250 7E1.8-2.0 2 [0], FIJCDNasesK
FrDNAMG BE220.5 ng/pL-10 ng/u L5
1.2.2 RAP 1 Z 5 (amplification refractory mutation
system, ARMS) ¢ JGPCRAGIN LA FTHE LA B FE AR DNA
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B, 4% I8 EGFR LN FIKR ASHE P 5 A5 6 iz 77 40 (W A
TR LAY ARA A A]) 1B 2P TR,
W F SR Y6 E T PCRYY (ABI 7300, USA) ¥ M EGFRAH
KRASHEEH 8 WAAR, BT 78 A8 FEEGFR I [ L8 S8R Al
exon 19delZ8 78 J KRASIHE A 12 F113 25 F 55748 , il 4%

P PR Bl R BIF 58 N D3 0 AT o G SR s 25 R AR —
3, PR AR AT R A U . F AU I
AR T D 0] 6 5 4R 1) 1 3% AR AT F A [] R T 5% 53 7l
ST WY DO R A AR I 25 R RN B B ST o3
o

1.2.3 P43 #5465 H EGFRFIKRAS IR AS HIFR AR, SR
BN AT IR . £FXFEGERIEA19 . 21540 i 1-Fil
KRASEEN 525 BB+ 365 1) AR 355 |90 S v
i EM13E5 14, HAREGFRIEH 519540 B+ I M5
YR S-TGTAAAACGACGGCCAGTAATTCCCGTC
GCTATC-3’; $-GGAAACAGCTATGACCGTGGGCCTGA
GGTTCAGAG-3’, EGFRIEF 52155+ F Rl 5 14943 1
J: S-TGTAAAACGACGGCCAGITACTTGGAGGACCGT
CGCTT-3’; $-CAGGAAACAGCTATGACCGCTGACCTA
AAGCCACCTCC-3’, KRASKEN 52 54Mg 7 E N5 1915
Bk S TGTAAAACGACGGCCAGTCGATACACGTCTG
CAGTCAACT-3’; $-CAGGAAACAGCTATGACCGCATA
TTACTGGTGCAGGACC-3', LUFHREUA B ARDNA A5
M A TPCRY 4, S 45 95 *CHIAEPET min; 95 *CAEPE
30s, 56°C30s, 72 “CAEHI4S s, 40 MR, 572 *CLEAfifi10
min, TG PCR™ Wik FigA: TAEY) 2wl - T, 18
DNAStar 0745 FE4 7 H X R4

L3 Geit# e N HSPSS 18. 05 A T 5E 12753 #r. EERT
e 2 TR MO AR 3y, X B R TR O R
5, P<0.0S k2 gt L.

2 &R

2.1 FEAHEGFR, KRASTRAFIEHL A YA M K 75445
A, 2260 Kt EGFREEAE (34.5%) , Horr, S E21
L858RZE7F1244] (16.4% ) , HPBT1985 5287 (exon 19del )

1424 (18.8%) , 64| (0.8% ) FEAS W] B & 4= T L8S8RAN
19delZ8 7% , 320 R A A 7 T T KRASEE R 58 A5 A6,

LK 42 KRASHRAE (13.1%) , HAHH125 %0515
A, KA 135158, A3 (0.9%) FEA H B
Az, Horp, 25y EGFR (L8S8R ) FIKRAS (G12) WHEAE, 144
“HEGFR (Exon 19del ) FIKRAS (G12) 7%, #4131 A4S

FEA I H FLI Y 35 E, 255 anf&l1,
2.2 EGFRFIKRASIHER 27 5 NSCLCIfG A FEAFAE it 56
F TE7SAINSCLCHEAH, L PEEGFRILHZEAR A (39.5%,
150/380) T B (29.4%,110/374) , {H - F %A B &1
#Z5 (P=0.076) . 60% LI N EFH 604 L I HE#HEGFR
FERZR A5 20 24[36.3% (127/350) vs 32.9% (133/404) ],
[l (38.7%, 241/623 ) HEGFR KL R 5 48 A W] I /5 T~ i
(10.0%, 9/91) AN AL (25.6%, 10/39) (5754, 7E
HA320fINSCLCHA T, T KRASEEF ZE 454 (16.6%,
29/175) BTtk (9.0%, 13/145) , H - HHARFH X7
(P=0.048) . 605 LU N FI604 D) | R HKRASKEH 5
A% 24[17.1% (28/164) vs 15.4% (24/156) 1. Jib¥ (14.1%,
36/255) HIKRASHE K 58708 48 5 Tl ds (7.7%, 2/26) FIHAl
HFgE (10.5%,4/38) , PR 1,
2.3 SLFEGFRMKRASKEH S RN BN ZE 500 #EEGFR
BUKRASHE K9S BAPE AR A v, EGERFAPEZH 1y th (2]
AR R S8%, I HIE Ty (58.6210.1) %, KRASHPE
H PSR 61.5%, SRR Ty (62.448.4) %,
EGFRIM A 85 AF I8 73 AT A KR AS [ 20 B A AR 32 40
#(P=0.031,5) o ZEMEHN /041 J7 T, KRASFHTEL R HES)
A He R i B FEGFRZ (69% vs 42.3%, P<0.01) ., 7EJ% P
KBV I, WAL E, PR KA % 2= 57
(P=0.228) (E2).

3 it

AT — I T T T i FARYIBRNSCLC

& 1 3BIEGFR-KRASTR SR A BIDNAIN 7 434
Fig 1 DNA sequencing data of 3 specimens with EGFR-KRAS double

mutations. EGFR: epidermal growth factor receptor.
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2 EFEGFRFIKRASERE BRI B EE NI, A: EFEGFRHN

KRASH BB 7 1ER | B : B TFEGFRAKRASH BLAGIE R 5370 1E
0L C: B FEGFRIKRAS /A BRI KB 7155

Fig 2 Single factor analysis based on EGFR and KRAS genotype.
A: Age distribution based on EGFR and KRAS genotype; B:
Gender distribution based on EGFR and KRAS genotype; C:
Pathological type based on EGFR and KRAS genotype.

KRAS+

# 1 EGFREKRASEFRTIER 5B E I RFIRFHE Z B HIX R

Tab 1 The relationship between EGFR and KRAS mutations and clinical variables of patients

Clinical variables ! EGFR P n KRAS P
Mutant Wild-type Mutant Wild-type
Gender 0.076 0.048
Male 374 110 (29.4) 264 (70.6) 175 29 (16.6) 146 (83.4)
Female 380 150 (39.5) 230 (60.5) 145 13(9.0) 132 (91.0)
Age (years) 0.357 0.762
<60 350 127 (36.3) 223 (63.7) 164 28 (17.1) 136 (82.9)
>60 404 133 (32.9) 271 (67.1) 156 24 (15.4) 132 (84.6)
Histology <0.01 0.268
Adenocarcinoma 623 241 (38.7) 382(61.3) 255 36 (14.1) 219 (85.9)
Squamous 91 9(10.0) 82(90.0) 26 2(7.7) 24(92.3)
Adenosquamous 1 0(0.0) 1(100.0) 1 0(0.0) 1(100.0)
Others* 39 10 (25.6) 29 (74.4) 38 4(10.5) 34 (89.5)

*:Others include large cell carcinoma and sarcomatoid carcinoma.

HHEGFRFIKRASIE R S AR A R 5T . BT R,
TEARIMPEBEAT YR (- T INSCLCH 3%, EGFRIEF 5%
S AEH34.5% , X5 SRR FERGE B— B (B TR

Jei, WL 5T EGFRZEASRAL N 38.7%, BH B AL FPIONEER A
IGNITERFSE TR RYS0% 2 4™ . 7EPIONEERFHIIGNITE
W, ¥R ATV I AR I8 B, W IRATTAY bR A NI
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-1, SRR R A RR A 22 ST RE S S B AR R AR 11
—AEEFEK 7E—IEGFR-TKIs AR S Hi G 7 LI
WIRRDTFE A (BRAOHESY) B, B H IR A AR bR A
FHEGFR (1) 5828 22 W] i AIG T 1 S0 585, 43039% (15/503) , i
AR AR AR, JLEGFRIE AR FIRAIR, X 46 & BLDIF-
WAE—E R F SRR RAT 4S8 . X s e R INSCLC
I HINSCLCHTRE LA AR A H417°h, EGFRIEERLE
Frb R RN, R 22 25 B TR Y 7 5R W T 25 S
PL R

REFEBF T 2260, EGFRESAE S H VR R, P
JH R ERRIIAT G, HAEW AT . Lotk R | g i i
Wk AR R o ABIFIEAE 7 S4B LHH-TTTa HANSCLCREA s
R I, EGFREE N G AR AE g i, RIS Lo R S el
BT E R (39.5% vs 29.4%, P=0.076) , X5 REFEHFIT 455
—H,

KRASH:F/ZEGFRAF 5 i T % T Uil 8 28008,
IR ) 2848 0] LU B EGFR-TK UK PERTZY, [RS8
JEFIBINSCLC A 5 W EH Z 45 bR . KRASHE[RIZE A 2
A B 22 5, U AP KRAS AR R 2925%, B
ETARWAREL0%, HKRASHENFGEAS Z LT 51k, WAL
T I FEABF ST, KRASKEE 287452 H13.1%,
HRIER 22223 (14.1%) {5 T (7.7%) R A2 R

(10.5%) o X464 Bl SRR Tk,

FENSCLCH[R| 7 EGFRFIKRAS S A A H 2L,
— B KRBT F N i R BEAR s,
3R AAE EGFRFIKRASHE N | [RIB & A T R4S, ¥4
PR RRIE R, FL2 HAE P IR 98E, M EGFRHIKRAS
KGEAE AT LARINHAELE, KRASHY 275 1] g 23 3 3 H A EGFR
RS AE A XTEGFR-TKIsTif 2y, ZEIf IR, £930% EGFR
FHENSCLCHEE X EGFR-TKIsHR [MyGYT IC A, BIE AL 5
RVETH 2, AWFSE, 723200k EGFRFIKR ASZEAS 1Y
FEASHR, EGFRI AT 3M30.3% (97/320) , HFP{EEGFRZE
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30%, ULFHEGFR-TKIslii & M2k T KRASHR AL A), it A 1R
ZHAHLHIS 5, WBIMZE ik KOF-22,
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