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[ Abstract] Background and purpose: Colorectal cancer is one of the common gastrointestinal tumors. The incidence and
mortality of colorectal cancer in China are high. Circulating tumor DNA (ctDNA) has a certain value in the whole course of the
medical management of patients with colorectal cancer as a non-invasive detection marker. The status of related gene mutations in
plasma ctDNA of patients with metastatic colorectal cancer (mCRC) were detected and analyzed to assist in making personalized
treatment plan for patients. Methods: This study included 30 patients with mCRC who were treated in Zhongshan Hospital, Fudan
University from June 2016 to January 2017, using next generation sequencing (NGS) and nucleic acid mass spectrometry to detect
ctDNA mutations, and compared the performance of these two platforms. The above two platforms were used to detect common
mutations in gene KRAS, NRAS, BRAF and PIK3CA from ctDNA extracted from plasma of mCRC patients. Meanwhile, the results
obtained from two platforms were compared with the results combining the history, biopsy and droplet digital polymerase chain
reaction (ddPCR) results to evaluate the detection coincidence rate, specificity and sensitivity of these two platforms. Results: The
coincidence rate of nucleic acid mass spectrometry was 76.67%, the sensitivity was 86.67%, and the specificity was 66.67%. The
coincidence rate of NGS was 86.67%, the sensitivity was 83.33%, and the specificity was 91.67%. Conclusion: Both platforms
can be used to detect common mutations in ctDNA, but the negative predictive value of NGS is better than that of MALDI-TOF.

Meanwhile, the mutation abundance of mutation sites is related to whether the patient’s primary tumor is resected and whether the
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patient has been treated.
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PEARMFEDNA ( circulating tumor DNA,
CtDNA ) & /i 200 0 AR 240 I DN A 22 5t 7% 25 24 241
W RRBGE TG RGE, fA7E T . JRIK
I AR . ctDN AT A bR 9k B85 51 40 it
{5738 LR 2 AR T LT H % A2 ft ctDNA
fygeAs g Y

Y RE R B R G Sangeril . FEBER
W FLREAG I H v B A IR B ctDNA B = 8
(R RN R 2878 B, B DNAT 7 4%
AR PR &, MR EDNASG T 47
FERAIT . W UL A ct DN ARG I F A A AR5

( next generation sequencing, NGS) . fiii={%L
FRAEHHEE N (droplet digital polymerase chain
reaction, ddPCR ) . MALDI-TOF%:,

AL T NGSHIMALDI-TOF B4~ 43
&, KBRS E 9 ( metastatic colorectal
cancer, mCRC ) B F M ctDNAFKRAS .
NRAS. BRAF . PIK3CAXLH W H WA, 43#r
PN 5 ZE RN 122 ctDN A 278 H 1 E S i 3%
CtDNATESS Tl RIZ YT 5 1 T TR (B

1 GERHRI
1.1 HARJIR

PEHL20164F6 H—201741 A &2 B K 2# Mg
L1 B2 B A i 30imCRC 2
1.2 Nitkrif

BE A TR SR P AR A B2 4G E R
i, IR IVE CEVEE R ) HYgA 34k
K UL LEeRehl, AT /A I R ] U 32 o 4y
T2, WIHG T KRAS. NRAS. BRAF. PIK3CA
FER P RARRAS . BB U298 10 mL 2 %
VU7 ( ethylenediaminetetraacetic acid, EDTA )
PrEEAI, BB R 0L B AR i s ) B RS
1.3 Ak
1.3.1 ARAFAL 2

FHHC10 mLAME M40 (EDTABUEES )
KWL ELE, 1600xg, 4 CEL10 min)5
W BRSO e B 3%, 16 000 x g, 4 CHRRE L

10 min, WHL EWs, -80 CHkfE& . #HH
QIAmp Circulating Nucleic Acid Kit ( f#[EQiagen
INHE)) TR ctDNA, ctDNAE & # I Qubit
dsDNA HS Assay Kit# R & oAl & (£E
Invitrogen/A ] ) , HictDNA-Qubit 3.075 %] HLA ik
JE ) s RABE DN AT & (5067-4678 )
TEAgilent 2100 Bioanaylzer I #E47AE A Jii & 2
file FIRIRA-20 CLRAE S

132 Jm*EIRR

i 3 SR A IR B 75 ORI B B
Hh L B BE i BB S B 2 A B AS AT B 5 R
T A7 A A 295 RN A H 2 B T v L s B A 36 A
Ry B M AT R AP ( carcinoembryonic
antigen, CEA) . #i25H1)519-9 ( carbohydrate
antigen 19-9, CA19-9) . BiZEHrlii125

( carbohydrate antigen 125, CA125) K%k
1.3.3  ctDNA-NGS#:#|

K22 Elumina/A FINGS -5 MiSeq, B
& B AT A YRR BRS W ) CometZs 5
JEiR A & (AccuraGen Accu-Kit ) SE X} Fidbn
AR AR o B 2 3 () 235 SR rheo A 1 A 11 2
AR BRI Y R o T, Ot
Bt b g ol e PR 528 1 8 DB AR O o 4
R, RABFENITREAXWNT . RAEFE= (R
AEHIPE DU ) /(5272 B0 DR+ B AR AU BE LAY )
x 100%,

1.3.4 ctDNA-MALDI-TOF#&

& FH & [F] Agena/A /] UltraSEEKTM Colon
Paneli{if| & #4TMALDI-TOFA I, HH B 945 R
H AT A B AL 3R, e Je A T XA H bR
JP 8 ) 2 P R S BT o
1.3.5 ctDNA-ddPCRA& M|

QX100 ddPCR™ Z 4 5¢ X} L i b
AR . QX100 £ GE 4345 QX 1005 £E AL
QX100 /3 BT, 53 BL # % € Bio-Rad 2t
F 96 TR L R N A B PCRAY o A6 I3k 50 8 35
M2 EBio-Rad 2w MRy At Ak il & (175 .
Lot1863110~1863115}Lot1863102) , f$5%7E



194 HET, 5 EBRMSEEESEIDNMEREZTIHNSENLRREMRA RN

{7 5 KRAS G12A . KRAS G12C. KRAS G12D,
KRAS G12R. KRAS G12S. KRAS G12V. BRAF
V600R . ZRZUH 5 FH AR PE G B 8, M
M LA A8 X H DN A 748 % 22 40T
1.4 ZitFabiE

K HISPSS 11.0G8 384 Bl dis , R TC
X RGBT M . DLRAF AR L B T
R B 1 TN AEL A A PE A 5 1 BB
fetn, IHEAX: BfFE%E=[ (EHME+EY]
PE) JEEEARB] x 100%; BAPEFINE= [ £ FH
PR/ CEBAPEHBBEYE ) | x 100%; BRI (=
[ B BPE CERIPEHEBATE ) 1 x 100%, P<0.05
FERAGIHE L,

2 % R

21 NABRENELXER

ARWFFEIEAL 0B CRCES (F1) , H
216 5Pk, 9l , IR H59.63%
304 5 AR PR TNM 3 0 137 b 145 5 i IV 39
RImCRCH A 8 & Wit fr it g 4l 4 (e
Yt/ R4kt ) KRAS. NRAS. BRAF ., PIK3CAK:
PR 28 AR K I I AR AT TR &5 5 . 13 2 CEA
JKF-M46.65 ng/mL (2.90~710.60 ng/mL ) ,
M3 2 CA19-97KF437.50 ng/mL ( 8.40~
7 506.00 ng/mL) , IMiEHCA125/KFN
17.05 ng/mL ( 4.80~1 141.00 ng/mL ) .
22 BREHALAMMIEZHBKRAS. NRAS. BRAF,
PIK3CAE R REHIER

A ST A T 3041 B A A1 LRI K
KRAS. NRAS. BRAF . PIK3CAKLH 275 (1)1 1
(1) . ADx-ARMSH #4519 2H 2125 5 [R] 3 1
NGSFRIFAY M2 tDNAZEFE L, 22451 f 5 1 21
A 5 R 58 A VR lT s (H iy T 2H 2UR il 28 R A
IS TR (6] LA SR 422329697, A8l il 1
ZHAVRNIM 2R A5 RN E RS L . ADx-ARMSH
AR 2H 21 25 5 [W)58 1 MA LDI-TOF K45 (14 1fn 23
ctDNAZER LA, 187 B A 4L R 45 SR 58 4
DCRC; [FI3E, A 120085 B T RN 2R A5 )
ANVEEL TR B

HELL 45 AT W, NGS5 2H 245 UL FE A

*1 BEELXER
Tab.1 Patient characteristics
[7(%) ]

Number of patients

Characteristic

Gender

Male 21 (70.0)

Female 9 (30.0)
Agelyear

<60 15 (50.0)

=60 15 (50.0)
Primary tumor resected

Yes 16 (53.3)

No 14 (46.7)
Tumor site

Left colon 24 (80.0)

Right colon 6 (20.0)
TNM stage

I\ 30 (100.0)

- 0(0.0)
Patient’s status at blood sampling

Newly diagnosed 14 (46.7)

Relapse and metastasis 12 (40.0)

Adjuvant chemotherapy 4(13.3)

ARMS vs NGS

ARMS vs MALDITOF

M Fully matched
W Partially matched
Unmatched: tissue WT; plasma MT

Unmatched: tissue WT; plasma WT

B 1 HAZERSMFADNAZRTEFR
Fig. 1 Correlation between ctDNA results and tumor ARMS

results
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ZVCHCEE AT RE S IR RSP RIS OUAAT . P, ARBTSE
AL, SERENGT . PN, JRHIIA
ddPCRAJRAN AT (FR2) o
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K BRI {E
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F186.67%, BHM:TTNE N86.67%F183.33%, M
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YIRS 8% A e (P=0.724 7) ; 7505
F S FE A VIR S/ B EMHCE (P=0.001,
E2) .

%+ 2 ¥ FdJdPCREZ#E
Tab.2 Data of re-detection using ddPCR

Patient number Tissue ddPCR NGS MALDI-TOF
CBLT110 WT KRAS G12V WT KRAS G12AV
CBLT115 WT WT WT KRAS G12D
CBLT119 WT KRAS G12D WT KRAS G12D
CBLT139 WT KRAS G12D WT KRAS G12D
CBLT141 WT BRAF BRAF V600E BRAF V600E, KRAS G12AV
CBLT148 WT KRAS Q61L BRAF V600E, KRAS Q61L NRAS A146G
CBLT154 RASWT NRAS Q61K NRAS Q61K WT
CBLT155 KRAS exon4 KRAS KI117N KRAS KI117N WT
& 3 MALDI-TOFFANGSHIFF &%, PRIETRNIER FAHETRNIE

Tab.3 The coincidence rate, positive predictive value and negative predictive value of MALDI-TOF and NGS
Item MALDI-TOF NGS
Coincidence rate 76.67% 86.67%
Positive predictive value 86.67% 83.33%
Negative predictive value 66.67% 91.67%
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Fig. 2 Correlation between primary tumor resection and the abundance of mutation sites/the amount of ctDNA
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Fig.3 Correlation between treatment and the abundance of mutation sites/the amount of ctDNA
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