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Progress in application of peritoneal lavage fluid circulating tumor DNA to
predicting peritoneal metastasis of gastrointestinal cancer
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[Abstract] Peritoneal metastasis is one of the important causes of death in patients with gastrointestinal cancer and is also a difficult
point in clinical diagnosis and treatment. How to predict the occurrence of peritoneal metastasis in patients with high-risk factors,
advance the threshold of diagnosis and treatment before the occurrence of peritoneal metastasis, and improve the survival benefit of
patients is an unsolved problem in clinical work. In the case of low positive rate of cytology and difficulty in diagnosing occult
peritoneal metastasis, new molecular markers and detection techniques for early diagnosis of peritoneal metastasis need to be
verified. Peritoneal lavage fluid has the characteristics of less leukocyte-derived cell-free DNA interference, higher concentration of
circulating tumor DNA (ctDNA), and direct contact with the primary lesion or potential peritoneal metastasis at physical distance,
making it a unique advantage in gastrointestinal cancer. At present, the detection methods of ctDNA in peritoneal lavage fluid
include digital PCR, epigenetic-based analysis, and next-generation sequencing. With the iteration of technology, the application of
next-generation sequencing and personalized panels to ctDNA detection has not only shown great potential in predicting
postoperative peritoneal metastasis, but also promoted the idea of preventive escalation treatment of peritoneal metastasis. This
article reviews the current application of ctDNA to peritoneal lavage fluid in predicting peritoneal metastasis of gastrointestinal
cancer.
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TENE 7K ELIE R 2 il Js 20 2 A e A ) 381 98 4 L 01 288
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e, HIAMERS5IEZHNREAL, WA EEUE
BT IS HE VR i . REA IR A BNy | T A B 2
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BrEr, mATRESBPIRE L " i R P B
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A1 A= s 2 0 FH A0 7% B 9 s sl W 3 97 30 D 7
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A, TR R R B e AL P MRD 771 2
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e kL B8 SR 3 4 R b YL AR ISR 37 °C &
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161.2 min " AP TEWI A RRAE, R AT LS
Bl 25 W0 A Y IR A, (ALK ctDNA 4G
o 2 e BE A 2 RN R e R . BT, ctDNA Kl
# AU PCR (digital PCR, dPCR). %:T DNA HI 3t
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TR L bR R, R A R AR A — s K e Y
JCH S B RN T o (ELBE T H AR B A ctDNA £t
a5 H Al Ohr B B A, T RE S R T K K
B —I0AE 25 E W 9 B E I P ARG ctDNA Y BiF 5
SER W, SR R S A B, AR
AR AT (ARG 0 AR B 188 25%~36% 7

Wi =807 PCR (droplet digital PCR, ddPCR)
YE J3 dPCR " iy —Ff, AT LA I i 3% v 29 0.1% 1Y
DNA., ddPCR £& % 1] DLXFFEAS i ) DNA JE47 46 % 72
T OO B AR T Y R S | AR A e T A Y St AR AR
FE o B R S R A L (E A R B A il
FEA I IRA DNA 73 Hr 25 KMk, ddPCR i
Tt AR s AT AR SR S, X R AR
% 15 5878 MRD BUBMEAR T NGS 7, 7RI K I
Ak ctDNA A 1 15 1E 75 1% o

FET NGS (1 8 1) DU G456 [ 1w Al 5 A 1R A e
W AR B 2 AR Oy — I T, AR
RGN — it Z2 P R AR O 00 (R e A0 & 98 AR 6P, (R
— SO AR S AR AR, RS A b R
R e FLAURRE o Tk o AR U 3 3 o A ] R
Sy AT I DNA DY, RS0 [A] 83 e 4 i vh
et As, HERRAR MR R IR A e PR, LAY
I ctDNA K I ) 5 S5 B2 5 SRBORE o IR R [N
IR AR T A7 A — e 1o B A, DR e A AR 1 U
AL AN RN = A 0 S BT, bR AR B 25 JE A ok
A R LIRS, LA R g ) 356 PR 4 mT BB B 45 VA T B0
HEJRIT A 45 0l KURTZ 25 BY JF & —Fp T
PRI FFAIE 55 MRD K IR A5 418 2 9 K5 4 K PHasED-
Seq, FAEAINH 1/1 000 000 i ctDNA . H:F NGS [1y#
] ELAT e R, R E TR I ctDNA (1 4 77
Tk, A ) AR ELA I PR FH AT S s
U

2 GICHRIEERAIEN ctDNA HI5E
FEE AL
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(cell-free DNA, cfDNA) % 23 i R 461l ctDNA I 11
51 2 T |17 = 2 NG AT S ol RN E DO 7 S
CtDNA 3 A X B 3 A e JBE 1A S A5 (07 R PR A o 129407
PR ] LAJSA I ctDNA S 0 235 5 ) b 78 251 . 18
FEVEVAE R AR MR FEAS ) —Fh, A B HA /D P40
K cfDNA T4 . FXS ctDNA ¥ J& B @ A 3, o
B SR 5 D R et s RO Bk Y
fisk, A AR T g rhORE A T A A TR AR A R
(e

I RE I B A Wb A5 0 15 I T RS 1 o6 2R T
A %52 1 3 A 1 B M % U] . VAN'T ERVE 4§ Vi
ddPCR P4k 1 20 1 45 151 98 1 18 B2 7% 58 35 1l 3% LA
Ko 1 HE U T 1 i 9 ofDNA, &% 5 1 7 i s e ks
W cfDNA ZKF-5 T 2E (P<0.000 1), PRI ifi 2
cfDNA FJ BB I AN J2 A6 I 25 E1 i 98 11 I 52 o 11
WREY . WEBRFER R K AENLH EF, HAs s
EEW@E%W@%?WLﬁ@ﬁ&E?ﬁE&%@

19% (6/31)"

20% (9/45)%

90.2% (37/41)

53.3% (49/92)

58.7% (54/92)
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VEEBHE s 9 — i, @%m&ﬁ
cfDNA M S BB B A R R p 120, S m]
5 TR e P Y 7K of DN

Al fE 2 B il
REWT L fie B

3 BREREXBPIED ctDNA W
GICARBERERS

3.1 WRIBURREDE W ctDNA Kl

T 5 0 I s HE VR WUH T ctDNA A I A B 3R R
L, KRB T H IR 24 PCR. HAE N
— B PPAL LR G 2h T B SR A R AR, nT DU
MV iR S % A DNA XFRE 2 &7 i DNA W3 Ak i
7 10 U HL R S PR ORI TS, X 45 2 Y CpG
55057 A5 A9 0.1% H JE Ak 25 437 BE PR ok Y FE iR
B SERETR, B B 2 AT ST AT T 1 IS E U
R R H AL R, LAk e N R EE R D
9 MRD, Ff- 4878 I 5 5838 A A7 ) (8] LA R i RS 2 5 114
M (F1),

Positive result

. Prediction of peritoneal recurrence
in PLF/%(n)

2 of 5 patients with multigene methylation showed
peritoneal recurrence after surgery

3 of 9 patients carrying positive methylation experienced
peritoneal recurrence

CDHI methylation correlated significantly with distant
metastasis (P<0.005)

48.9% (45/92)

Levels of methylated MINT2 DNA in PLF was
significantly different between patients with and without
peritoneal metastasis (£<0.000 1)

TIMP-3 hypermethylation in PLF (y=0.804, P<0.001) was
closely correlated with positive PLF cytology

Accuracy 63.0% (34/54),
Sensitivity 87.2% (34/39),
Specificity 100% (34/34)

T THBSI MR b R B s TiEs B WA s, 7
40 15 fit B o BB 5 rh o e B0 THBST W 34k DL CT &
JEAR RIS FIWTIE G RS, B &G I ok i Y 3

*1 BEEEEREXRGEFERNFELLUEXHR
Tab 1 Detection of gene methylation in peritoneal lavage fluid in gastric cancer patients
. No. of . . .
Literature . Detecting technique Target site of DNA
patients
HIRAKI™! Real-time methylation- .
80 . CHFR, E-cadherin, BNIP3
specific PCR
HIRAKI™ 107 Real-time methylation- BNIP3,CHFR,CYP1BI,
specific PCR MINT25,RASSF2,SFRP2
- Real-time methylation- .
YU 92 . CDHI1 methylation
specific PCR
Real-ti thylation-
HAN! 92 ca-ime MEYIAton= -y r thylated MINT2
specific PCR
Yu'*! Real-time methylation- .
92 . TIMP-3 methylation
specific PCR
Quantitative
HUP 92 methylation-specific ~ Methylated THBSI
PCR
Note: PLF—peritoneal lavage fluid. “Two or more genes; ®Any of 6 genes.
mﬁ“”%mﬁﬁmﬁﬁﬁﬁimmﬁﬁﬁw
192 5 1 e R ERER L TR S AR S N AR T
(thrombospondin 1, THBS1) ¥ 5 % DNA H 34k 5

T 9 ) B R . B R RS RS WA . i
WG A 92 151 B 9 FR B B Mg 2l 40 . I s E R TR
I3 H R THBST W 3EARIR A, 45 5 s I 4 41
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7 H 5 BRI A 75 DL SR e AR A I L B
ARG, U3 B A I 1 O 9 b A T Y R £k MINT2
DNA . H %Ak TIMP-3 DNA F1H %4k CDHI DNA 1]
DIVER B S 0 2 . SE R H SR IR AN =2 AR
A A s & AR, H R IR K BRI
HHIEARAGIN . PRI, B84 200 B e S HH AR i 3
PR, PTRE T LA o (o FH s V8 R R A 7 35 ] Y
A 53 B LA TR0 55 3 T 1 BURR

[ 07 FH A o R R 57 M PCR R, HIRAKI
25 L 80 1] 1 88 SB AR IR B4 23 I R R Ak
A. B, C34 (CHCMMFAERIER), I H
Ji I FE VR AR AN 9E A7 T CHFR, pl6. RUNX3. E-
cadherin, hMLHI, ABCG2 fil BNIP3 % [H H 3t AL ¥
W F 280 1k M S HE VR P CHFR . E-cadherin
BNIP3 FEH I H BRI RAE A B, C3dMM 2R
BA G SOMRUE PSR 5 & b
J—3. AAMBHABRERGHVIZL8MH . A4
35 PR ENICAEE K ; B 28 Wl E T, SHlL3k
K LA B E A 26 (40%) HEAR G I 56 5
JCE A P H A SR RS R R IR AE B R . B4
AT e 5 Z2 56 R R Ak B A OG . TR, C4l14
BIEEH B (57%) fEEZILHF AL, mA4
35l FE T LA 3G (9%) fAfEL3F A, %
SEILE— 25 U0 T 22 JE DR R ARG A v o 2 e
SR AN M A I R T AT . AR T — I g
it FHIRIRE 0 5 A N I HE VR W T i#E4T BNIP3 . CHFR
CYPIBI, MINT25, RASSF2 f1SFRP2 J& X () /! 31k
RGN, 235 5 S 7 A s 2 L %) I e T PP A PP
AR AT 3K 75%, B T 2 BE R AR S B R {k DNA
Sy HT AT LA 2 MRD RS 38 W58 B R R I
FEVRIR PR T R SE R R AR ST, HE o T IR
THE VR rp S PR AL A M 5 I I B R A DG 5 (LA
TUASE 33 i e AL RR BB, 2257 s ARG 285 0 I 6 PH I 34
IRZTE N, ANHEAE N ctDNA B T A 75 =

ZHAO % BV A 104 5] B i 5B H O RTIEEB S
S RFARIIEAT T MR LB A TN, JF
20 IR FE S R4S, HF & T Mutation Capsule iX I
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ST AR5 BT R AR B A ARG I T 328 A A 0 6 s VR ke
WP LN A . Zat 414 HBEDT, ARG IR %
% (MR1) ., CT. PET-CT 5k ig 7K/I& A5 75 1% 4G A 4
VKT B A B AR, ORI T TR A A I g
RO, RN 100%, HESFE N 85%, BHTE
AR 71%. 205 25 5 587 16 1 T V6 W h MRD
BE I 5 0 5 A% DX S 3 1A ¢, MRD PHM: 5 6
2R AEAEIA A AF AR A . BT Cox LAl AU
B, 3R MRD 4387 77 sCR B T i AERCR B
Shy S N T e £ TG R R A A T ) i i T R
P, 3k o M 5 R S e B v 1 A e A A T
K, W T AT REAAAE B IR RS A SR A AR A TS
HAFREBAE S, Wi R SR T 1 ARG
AR5 R R 1h T g

3.2 S5V RE D ctDNA Kl

LT B8, 45 B KA REER, Xa]
A B AN S 25 A AR B i S b 6 (1
55 EL i FR A T I THE VRV ctDNA G Hh A7 mT 330
BEMBUE, IS5 A A — A

KAMIYAMA % 520 7 33 (5 45 Bl e b, 1
1o P IR SR PCR A, G i I  Fiyes 5
EHEVEW h CDHI . pl6. MGMT F APC 3P 1y /Y 4k
TR, G550 R 88% I £ A J5L & IR & A7 14
SEH SR AL, TR DG M VR O T ARG I 3 1
FRUA b H AR SR O R AEAE I AR, e
VHE R VRGN 32 FY AR Y 4 0 2 2 BB R 2 R IR
R o bR BRI AR S5 & RN R S e R R
SR RO S B 0 590N 66.6% F1192.3%., o5 — 1 B kG
N P VE VR CDH L 3 P SR AT 9 2 80 T ARABLE)
ghIR

YUAN %5 4 75 40 9 45 1 1o 9 1 I 2k BA B o
(46 17 I IE AL A5 5 23 il AR I L R ) . fHEH
ARV EE NGS 2 A b 773 21 21 H B DNA 2878 5 i s
FEVEW T otDNA . 7ESRcAE BRI (B R 6.29% B, i
TR 0.951, JE s HE VR I ctDNA K5 i B 72
1) RAEBEE R 100%, FEFFER 78.3%. 1EWIZH 87.5%;
AR IR RO B, 60% (3/5) AYIE M ctDNA [
PRI LA K, $ R AETEMR BHPE B MRD, i 7EJ5
SE1 11 G B AL ES B B e RS f, DLSEAR A
TIE S MG 2 B i Wik e, I VB R T ctDNA 631
52 58 2 % 1) It R 2 A E R 83.3%, 4R 5 R 100%,
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HERG 2 90.9% , X R UTIE I ctDNA 712 Wi R 4% 75
7 A AR O SR . S (LI, IR VYR
ctDNA R A4S B R PO IR A AR 8, L R
L A - LI A 7 SR A7 T Y7 U R S B A
oM LA ) T E S 556

4 DESRE

gi LRk, #E GIC B3 b v NGS g4 1k
) ARG Y0 R T RV PR Y ot DN, RGBS fR) i,
% I LR P AN R R S e, 2 T B R B L e
WK 1. HRTAE GIC R AR GRS v, Rz
NGS 5541 b T B A JE M o 2 T G T ctDNA f4 T
FESAMAIREAR B D, A5 AR T Z R EPEIR IR
IR, it — 20 B0 X S % 1 T 24 77
Jy—J7 i, 3T ctDNA [ NGS £ RT7EREA W4 5 b
MO EHEAR T HARMSER, SRBERFEA
5, BRI P Ak B, PR AE I AR TR
RIS RHE . MBS IT R | fim 5 L5t
WA LA, ctDNA NGS KA BRI A& e 7

N7 B0 AR AT VR R Y ctDNA K
G54 MV ctDNA, W] RETE A0 H 24K A FHPE R MK . B
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