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Relationship Between the K — RAS Mutation of c¢fDNA in Plasma and Cetuximab
Resistance in Patients with Advanced Colorectal Cancer

Lin Lin, Pang Xionghao, Liang Wenli, Li Meixiang
( Department of Oncology, Shenzhen No. 2 People's Hospital, Shenzhen, Guangdong, China 518037)
Abstract: Objective To investigate the K - RAS content changes of ¢fDNA in patients with advanced colorectal cancer, and the rela-
tionship between K — RAS and drug use and its prognostic value. Methods Totally 40 patients with advanced colorectal cancer were
selected, the plasma was obtained from EDTA blood samples, K - RAS mutations alleles were detected by ARMS — PCR. The patients
were selected and the relationship between the K — RAS mutation status and the efficacy of EGFR monoclonal antibody was analyzed,
the effects of K - RAS mutations on overall survival rate and disease free survival rate were analyzed. Results
RAS mutations detected in ¢fDNA and organizational was 62.50%. The abundance of K- RAS mutations in c¢fDNA was (17.00 =

12.05)% before treatment, which was (8. 10 +7.98)% after standard treatment. In the same way, the abundance of K- RAS mutations

The consistency of K-

in the organization was (26.40+9.80)% before treatment, which was (12.60 +2.55)% after standard treatment group. The abundance
of K- RAS mutations was increased with the progress of disease in the use of EGFR monoclonal antibody in the K- RAS wild - typed
patients, and the expression of K- RAS was positively correlated with clinical PFS and OS. Conclusion Detection of K- RAS in plasma
can guide the clinical use of drugs and the value of prognosis.

Key words: colorectal cancer; gene mutation; K — RAS; cetuximab; prognosis

W U145 B e S b S S AR R AR 5 , g 2 i i
4 1) 22 R PR 88 200 M B0 D 2 35 1) B AR PR I TR 12

S R TR A G T B XS B o Morgan 45 1BIF 9 &
P, A T BRAL UK K — RAS 2875 i 1 PCR kit

A RAR Z P I PR K — RAS JE RGN B T &2, oy
FHARAIGIT I 2P 2T PRI FEUESE , X T
K — RAS By AE RV NS5 5 s i85 AL iy T B G P %
HERPUIRYT A AE IO 2E e I [R] A0S A A7 B[R] Y45

S ol H VS 2 iR A s b i e H
H T30 PG 22 FRBTIR T T 25 W48 F5 A 2, Musella 551
WFFE K L, B b8 40 ) 69 %0 5 nT RAAE Sl RAS — BRAF
Hf A R I A5 EL 9 O U AR AR, I AT BN P 2 BT
IBIT BRI of DNA Sk 5T i3 4 B i SR B sl i 1, 2
T/ INET BB S S WA P bR RS 485 77 I e

CEHETH: S A5 R T I AT A Z%HFR B [201507018]

ARG I W I 235 W s S8 SR P 45T K — RAS 2872
) cfDNA 7K, k& BB FRE 57140 31% 1 97%
A g 20 U35 K6 Y b 98 o Thierry %5 15138 1 2 i PCR $%
ARAGE I e 0 25 L P s B B AN AL I B K - RAS 2878
) cfDNA 7K 54 A 2z K- RAS RAZME L, &
cfDNA F RS FIARE SR 929% F1 98% o [HI It Lxﬁ*
N RS 30 45 L M o B B AR LI 2R 45 K — RAS 28745 1)
cfDNA 7K F-AE NG PR AT AT 1 o hy 8 7 R 45 B o A8
ML2E cfDNA B9 K — RAS 5278 i &0 A1 i 20 204 I iy 22
5S¢ W00E 45 B BB LK ofDNA WY K - RAS 748

F—1EH MM, L, MR A, ZREN, PR T @AM AFFE, (B F154)wsk3558@ 126. com,



20184F 6 H 5 H 27 B4 11
Vol. 27, No. 11, June 5,2018

SAR7E "

China Pharmaceuticals

SR -
Drug Research

1 005 V8 2 BRP TR YT AR B S 2R Pl R LA 152
kI ZGWIR YT T SOR 24 70 5 () AL, AR F 9 HR R
T Sh 2SI A AN R L I 2K P K - RAS ZRAE )
cfDNA 5B FH WG LR IIRE T .
1 #R5HZE
1.1 —fE#EE

YyABRUE 2 CT A2 JIE S AT 0 A 95 k- 5 280
L2, AU P 2RI 45 5 R 55 IV 3 mCRC ; 91
DR W WE | By ) B R ST BREIA I O ML AR BRIR S E
55 (ECOG)H 0 ~2 455 £5 45 B YIBEASFEAE B 0 Bk B
AHFTE AR BE B A PEZE 53 S HHE, T A B 2 A
e

e e #  EFEEEBE 2015 4F 6 H 2 2017 4F 6 H Ik
1R 1 22 2L B 2E A 12 1 e A 25 B e R 100 ], 2B
67 B, 2 33 B 4% 62 ~78 %, F-14(69. 48 £7.76) % 5
45 s 44 B, B 56 Bl iFIESE B 26 B, ili%% 7
22 i, G E R 19 B, JARR Ik EL 255655 18 i, H 6 #%
15 1,
1.2 F&

Y2507 % VG Z BT BT (Merck KGaA, #E 11
25 i MHIES S20130004 , BLAS BF)f A 20 mL: 100 mg )
i KR 1 120 min, B 5 BEE 250 mg/m? 1525 i ki 1
60 min,2 ™ HEHCH 500 mg/m?, 55 2 8 1%, S54k2A
7 [ HEAT S 45 25 i 30 min B MRS T 2 e 2 ARFS Hi 7 £
i S VA R T SRV A e B 20 A B A I 2
H44022504 , HLFS %453 2 mL: 50 mg)25 mg {ILAITEHT, H1
FEARNABREIR AT SR ([ 25 A A 25 R A ), [ 24
#EF5 H41020036 , LA F 532 5 mg 1 mL)5 mg ik
TR 8 PG 2 B A 70 H N DY 2 B
60 min Ji5 B AL 259

FOLFIRI /558 : 3hRRE T B R (VT e s e 24y
ABRAT], EZ5ET H20061276, A% J94E5 5 mL : 100 mg)
180 mg/m?, R IFKIRVE 30 ~ 90 min; WV MRS v E 5K (V195
8 Jiiy = 24 e A A RN W), I 25 MES H20020177 , BUAS 4 B
% 5 mL : 50 mg)200 mg/m?, FkiEE 2 h, 55 1~2 K5
5 - SR MERE (5 - FU, P4 g 285 M0 B0 RN W) ) 24
T H50020128 , Bk M 452 10 mL < 0. 25 ¢)400 mg/m?,
FRIKTEST 55 1 KBS 5 — FU 2 400 mg/m?, #54E# k 4E
A 46 h,14d 1A T BRI % + &
R T2 R (EGFR) BLBLiRYT IR RIS , Rl £ &
MR AN ZE R REA ) K — RAS RADIRES , K - RAS
G YRR E AT AR UEAL T 58, P A R R0 8 (P Y 2 e
T UK 400 mg/nr® $54E  RECIST A 1. 1 F1 NCI - CTCAE
A 4.0 TR ARG ALk .

IR SCAE < 38 AT AP B TR, K 7. 5 mL Ak
WAEAE EDTA 48 (32 BD A=A R, ARFEF 4 CIk

FEEFE L TEES | h NHFT B2 MBS L 10 min
(4°C,820 g), HWF AL 2 2 mL BV (TE L
AAFAEYARAED) T, PR EC 10 min(4°C,20000 ),
FEAEH LAY 2 mL 45 P RIC4E 3%, T - 80 °C F Az Rifi#
17, E 3 ofDNA $2I,

DNA $2 5. # 85 08 B - , ff i QIAamp Circulating
Nucleic Acid Kit (7 [E HLA A= P47 BR 2 5] ) M i 3% v 42
HUHE R B JC 40 M DNA LB 2 mlL I3 HEAT ofDNA 251,
FFAE 50 WL YEZE it P BN ofDNA 4 C IR 7T

cfDNA & & : 38 F Qubit 2. 0 22611 (SEFEFERR
IR BRA A 5 EIN VA 2 ofDNA (1) 5L o 38
i QlAamp fE I AZ R I & K51 2 wL DNA Ve,
FEAR 3 5B 548 F Qubit dsDNA HS ] 5 3 7 & (35 [
FEER R B R e

K — RAS 7B RGN FN it 1 485 K — RAS R7Z,
[B1Jii 7 FFPE JRikE S i HE Ye(@aiml Fr , vefe i 414
AT 3BT o 38 5 SOV AR ) 2Bk B 2 SRR 5 um
JEA Y R AR L2, FFiE 2 AE TEN 22 o (1 mmoL,
EDTA, 10 mmoL. TRIS — HCI, 0. 1 moL NaCl, pH 8.0)
I B K A 2 AR S K (20 g/L) 31K, 62 C
B A 2@ T PCR RN, LAY 0T K - RAS 4
B2 (BT 12/13) 4MEF 38T 59 F161) , LA
K K- RAS WA F AU RS F 117 F 146) Y [X ok 3
N 3 L BN 47 wL PCR B, A4 25 pl
PCR Master Mix S(3& E B K /RAR A ),0.5 L

S5t PCR 5IYIR AW (B34 25 pmol) Al 21,5 pL
Millipore HoO o fEIASAFR,95 °C 5 min;2 x [95 °C 30 s,
62 °C 305,72 °C 30 s]3;2%[95 %C 305,60 C 305,72 C
308132 %[95°C 305,58 °C 30,72 °C 30s];35%x[95 °C
305,58 °C 305,72 °C 30 s]372 C 10 min. 7F 1% B bk
e 93 B PCR NI —3047, IR K — RAS XI5
I 3 ANF] K - RAS 1Y 5878 RA5 58 221 ] PyroMark
Q24 AU S CFl [ BILAS A W A PR ) 1 44000 7 1
H T MR8 QIAGEN 1 pyro — sequencing 171 (1 { F]
ERHIEA T HARI T BT A 5 | 0 9 AR s R A AL
1.3 Stzpane

I Graph Pad Prism 7 WA 43877 o BRAE 55 A B6HH
2 T R S5 R DI + A (B 4 X060 J 22 550 Y E +
FRUETR 22 27N , 1T Student’s ¢ #5550 5%, Mann — Whitney U
R 36 5 43270 B 1) L3S AT Fisher K5 B 4% 360 2 A7 i 42 47
Mantel — Cox XEURRKGES s FHIC/HTH] Pearson B8 Spearman
FHIE TS T P <0. 05 WA Goit24E L,

2 #R
2.1 SAITETE K- RAS RTEEXTLE

T, RN CRC bzl , N T K- RAS

JEPR RS X I ) ARMS — PCR KT ofDNA 1 g 2H 21

9



R -
Drug Research

AP

China Pharmaceuticals

201846 A5 H 27 E5 114
Vol. 27, No. 11, June 5,2018

H K — RAS 7R B PEAS T AN F 20851 12/13) |
ST 3T 59 Fil 61) FIAM g 7 457 117 Al
146) 1 K — RAS IR, H 4 T 82.50% (33/40) , Horp
cfDNA FIZHL U KGN H 1 K — RAS 2878 1) — 2ty
62. 50% o K B AH N B 1Y ofDNA ) ARMS - PCR
FEARXIEAG I TH 78, 25 R L3 17] WL, ofDNA AI4E Ny
TCE BRI 2 SRR AR B () — Fh a4 A v

k1 BFHJE ofDNA R T EFEE(X £5,%)

B 18] ¢fDNA T 52 4E. 48,
BT 17.00 £12. 05 26.40 £9. 80
BTG 8.10+7.98 12.60 +2.55
t1a 9.287 11. 486
P <0.000 1 <0.000 1

2.2  K-BRASKEERZEENMARPNLRIN

1 il E MR LU)E K- RAS SME T2 -4
(B AR [ of DNA 43 HrdniiESE | K — RAS RiK A
PR 2T 3% FOLFIRI + P9 2B B T80T, W
B 1 AAEB PG R3] K - RAS 2 RADIRES,
HAREE FAL G0 B L3 24 NG 2A A T, of DNA ARG 5
Dy 5 HER, TSI S A I A R A . o5 1 iR
R LR E N K — RAS Ah T 2 — 4 (R
A (H ofDNA K31 K — RAS 3 S4b B 7578, Bl 2
Q61H, I TH LU T & 20 K — RAS PP BObRUE, B &
#5217 FOLFIRI + A e st (R B AT L )IRYY o 45
IR, K- RAS 878 TEIRYT IR )G 1 H |, ofDNA Hi3f:
WA K- RAS 2878, n] BE &t >R FH 40 i 7 7% (B sr
BERR)IAIT o 29 5 4 A e CRIVEC S 221 A 0 0 g a0 2 i
HAT 2 A~ H ), of DNA H PR I 2147 [R] 19 28 48 1 D
K 1 B 45 R0, 580K ofDNA E AL, T ofDNA
1) K — RAS Ui 25 7E36 57 W 1] 5 30 A6 00 2 g a4 e A5 TS 7
Wi, EGFR BAHIEITH K — RAS By AR MRS S 28Ut
i EHEE R,
2.3 K-RASRAEESWEMXAR

FR A fDNA FR3E R kKT8 7 A Ao i
BT 2R AE LSS ATIESE  of DNA H1 K — RAS 7K
ST ) S A A (OS) 4 R o 7 IR Hp e (AR URT e v
cfDNA [ & EAFTEIEA R R LA 2 Ao K - RAS Y%
A5 IO A (PR A % B E 257 (P =0. 047),
ULIE 2B, K — RAS BFHE YR AT K — RAS RASRV G
OS AP e & £ 5 WA B E AL 0S K 10.2 - H
(8.3~11.7)MH , ZKAERMBHEN A0S K524 H
(4.6 ~5.9MH(HR=1.78, P =0.0006), L&l 2 C.iik
cfDNA H K — RAS WRIRZS AR & TS TAAEN B A Ao
3 iFig

b T ARG AHI0YT JEANGY TS LR G T T-BL
10

125- -60
. 1004 g
E] g
: L 40 <
o 77 2
N
% 50 7
= 205
I 254 E
<

0 T T T T T T T T T T T T T T T 0
789101112123 4567891011
A

20~ -55
i 50
2 154 g
= -45 J
50 g
2 10 L40 7
> =
< L35 2
<

0 T T T T T T T 25
1 2 3 4 5 6 7 8 9
B

A. K- RASH AR R hahid 2P K- RAS 9 E 4L
B. K- RAS REAR fe4 A 5429 K- RAS 49 &AL
B1 K-RASKRELBLELREHE XA

£ 200

Tumor load /m

1 &
100-_ =
L T L] T L T % T ¥ T i T

—r——1cfDNA/ng - mL ™'
0 25 50 75 100 125 150 175 200
A

x©
(=}
]

&~ o))
S (=)
T R T

o
(=}
1

(=)

K - RAS mutated altele frequencies

L]
n ul
u
—r——T T 1T —1PFS/ A
3 4 5 6 7 8

[ ]
—r—
1

0
B

L OOOE —— K- RAS moth type

= K - RAS motated

0. 7501
0. 500

0. 2507

Overall Survival Rate

______

~0S/ A

A. Bb 58 AR BF 7 P ofDNA 4% 49 % 4L (Spearman r=0. 563 0,

P=0.0312)
B. K- RAS R & 2 & &£ B % F ¢ % 4 (Spearman r= —0.050 7,
P=0.0470)
C. K- RAS 4R 2 vk g A& - o 6y AL
B2 K-RASKELWEWXZ



20184F 6 H 5 H 27 B4 11
Vol. 27, No. 11, June 5,2018

SAR7E "

China Pharmaceuticals

SR -
Drug Research

A0 A 25 i g B A 0 S A 2 B s L 1
547 50% ~ 60% W45 B i 8 3 i 2 i O A G Ak i
B8 o AT 25 4 B A 0 8 1) 245 40 DI DR I D e B 45 L
s g OS K 2 30 2T UL L, Hidm 7 AT
B\%%lt’:]o

TR F W, B RN AE fd o AT 43 5 540 B e e 1)

FEPR AR B R fDNA T 1948 4F B R Atk , B4

RV AE BT E B ARE U B0 X T3l A of DNA 43

B, A HP ARG RAH DG 2 AN IHTR] L, RIVRY P RTFIRYT fa , Al

I S AT IRYTHT ofDNA Hh K — RAS %

AR R AL RIT AT E A K- RAS RASFJE

W15 55 T ofDNA " K — RAS, 414 v JithJgd 4 o 1 o5 2

1R A1) e RE 240 P 1 e AR RGP 2 21, ki

SR PR S o — BT I, of DNA FIIRg 41 21

[FIERZINGY) K — RAS RAZLLAIE 62. 50% ,iX 5 LAEWFSE

om0 R, A5 B R IR T R AT

K — RAS JE XTI RIBTCAATT ik AT 72

K — RAS JEH 278 X T 45 B i A 5 22iR 7

HEMNEFAELZ L AMREIR, K- RAS i T

EGFR 3L R, % T K — RAS B 2828 1y 5%, EGFR

BB YR s B AN K AR 5E Y, 78 EGFR B 4=

BRI, K- RAS JRITHI RS 0, (HREE RIT IR A,

K — RAS JEPH Y 9878 = BE 38N, R ) & 7 Pk AR

i JR B 9 7% =F B2 W I T 5 TR, of DNA R I 7 75 AR

BETAR G 05 2 R LR 27 PR T B8 5 5, HL AT A 1 58

AR [ B (] W SEE AT o B AT, F 2R AE TR AE K - RAS

R A 5 & K — RAS $T F %5 i 3£ [ EGFR

TR H H E G PRATIAS 3 2 i oy b X S 25 5

KT L fDNA Z Al K& A K — RAS 5278 Bif Q] 2 4%

ARG R BN, K- RAS 2872 #ff 52 vl 78 46 J7 it

EGFR $UIRM A FIH 2, FLAE B U R Ik P R

o PR FERR SRS AT, B IS AT L RE S 2

adEE ) K — RAS 287%

FE R 945 5 f8 38 1) OB A A7 2R L VA AR R A7 AE

— B RR AMREEREIR, K- RAS RAZHY B E D

HAERBALT K- RAS B AR, H B A A7

AR B UG AL, WO T g £ 2 A I AL A e

DAY R CEE MG B R E K- RAS RS

TN A 245 B 10 A7AE W AR R O

S % 30k :

[113%0% 2. 2AMBOREFARE S TR P4EEL
W gk F 22 & ,2015,4(4): 17 - 20.

212 #,9E2F,F6&%.5. BL5LRKOLTHE4L
JTEIT k- ras FARBIL AWMBEEERILE(T]. FBELEE,
2017,23(1):45 - 48.

[3] Musella V, Pietrantonio F, Di BE, et al. Circulating tumor cells as

a longitudinal biomarker in patients with advanced chemorefractory,

RAS — BRAF wild - type colorectal cancer receiving cetuximab or
panitumumab[J] . International Journal of Cancer, 2015, 137(6):
1467 - 1474.

[4] Morgan SR, Whiteley J, Donald E, et al. Comparison of KRAS
Mutation Assessment in Tumor DNA and Circulating Free DNA in
Plasma and Serum Samples[J]. Clin Med Insights Pathol, 2012, 5:
15 -22.

[5] Thierry AR, Mouliere F, El Messaoudi S, et al. Clinical validation
of the detection of KRAS and BRAF mutations from circulating tu-
mor DNA[J]. Nat Med,2014,20(4) :430 — 435.

[6] Garcia — Alfonso P, Ferrer A, Gil S, et al. Neoadjuvant and conver-
sion treatment of patients with colorectal liver metastasis: the po-
tential role of bevacizumab and other antiangiogenic agents|J].
Target Oncol ,2015,11:124 - 131.

[7] Thierry AR, Mouliere F, E1 Messaoudi S, et al. Clinical validation
of the detection of KRAS and BRAF mutations from circulating tu-
mor DNA[J]. Nat Med,2014,20(4): 430 — 435.

[8] Gormally E, Caboux E, Vineis P, et al. Circulating free DNA in
plasma or serum as biomarker of carcinogenesis: practical aspects
and biological significance[J] . Mutat Res, 2007, 635(2 -3):
105 - 117.

[9] Jung K, Fleischhacker M, Rahien A. Cell - free DNA in the blood as
a solid tumor biomarker — a critical appraisal of the literature[J] .
Clin Chim Acta,2010,411(21 -22): 1611 — 1624.

[10] Spindler KL, Pallisgaard N, Andersen RF, et al. Circulating free
DNA as biomarker and source for mutation detection in metastatic
colorectal cancer[]J]. PLoS One,2015,10(4): e0108247.

[ 11] Szpechcinski A, Chorostowska — Wynimko J, Struniawski R, et al.
Cell — free DNA levels in plasma of patients with non — small —
cell lung cancer and inflammatory lung disease[J]. Br J Cancer,
2015,113(3): 476 - 483.

[12] Szpechcinski A, Rudzinski P, Kupis W, et al. Plasma cellfree
DNA levels and integrity in patients with chest radiological fin-
dings: NSCLC versus benign lung nodules[J]. Cancer Lett,2016,
374(2):202 - 207.

[13]5k &%, 4 . KRAS A B 89 R TR AT EGFR #4178 77
SAMBHHm[]]. EREANFE L E,2016,24(18):
2850 — 2855.

[14] Marchese R, Muleti A, Pasqualetti P, et al. Low correspondence
between K — ras mutations in pancreatic cancer tissue and de-
tection of K — ras mutations in circulating DNA[J] . Pancreas,
2006,32: 171 - 177.

[15] Yen LC, Yeh YS, Chen CW, et al. Detection of KRAS oncogene in
peripheral blood as a predictor of the response to cetuximab plus
chemotherapy in patients with metastatic colorectal cancer[J] .
Clin Cancer Res,2009,15: 4508 —4513.

[16] Spindler KL, Pallisgaard N, Andersen RF, et al. Gemcitabine and
capecitabine for heavily pre — treated metastatic colorectal cancer
patients — a phase Il and translational research study[J]. Anti-
cancer Res,2014,34(2): 845 — 850.

(A5 B H#A:2017 - 12 - 09; £ [E H #3: 2018 - 01 - 16)

11



