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[Abstract] Gastric cancer is one of the malignant tumors with the highest incidence and mortality rates
worldwide, and the low rate of early diagnosis remains the primary contributor to its poor prognosis.
This review systematically summarizes the research progress of circulating tumor DNA (ctDNA),
microRNA (miRNA), and multi—protein combined biomarkers in the early screening of gastric cancer,
with particular emphasis on the application value of machine learning algorithms in biomarker selection,
intelligent endoscopic image analysis, and automated pathological image classification. Evidence indicates
that ctDNA methylation detection combined with miRINA panels can significantly enhance early
diagnostic efficacy, while deep learning—based endoscopic assistance systems have achieved expert—level
performance in the precise identification of minor lesions. Future research should prioritize the
advancement of multi—center large—sample validation and the establishment of standardized detection
systems, with the ultimate goal of achieving precise early screening and personalized clinical intervention
for gastric cancer.

[Key words] Gastric cancer; Early diagnosis; Precision medicine; Biomarkers; Artificial intelligence

518

HiE (GO fERNEREIEMXE T EERHE L —,
HRMEFRIET R EEA T #5441, 2020 FEEREZ) 100
FIMRIEB, AT B TR T R A 28 DU K hE SR
TIREC, BT REE 5 H AL, K2
SRF ARSI R B WE AN A R, SRR I R A A R
RFEPRARP . FURRIIN T e B TS BoCEEE, Kk
BT FE R AE VbR BT T K T A A SR EEM, IF
K, TFAEDERIEED L T W SRR E R R, A
FEEHF S DNA (cfDNA) « /s RNA (miRNAs) Fi%ET

B A AR S, X TR0 7 BT B 2

FEERAL S R Zh A VR TT SRR SE VR AL 23 o AR B,
IR A . miRNA 25, 2R fE K TArE, H
S RIBEEE PR R AR RV, 6B, 5
SE 1) miRNAs T BEIE ST R I R A R e iy i s A
W1 miR-452-5p, HAER B R HREKT B3 LiF, R
AR AT R 12 7 L B T E . R — R
VIR R PR, ML R IGR T R . Ik, HLEs
53] 5 N T RE AT I PR R R S 7 Jae B2 WA (A 1 4
BT QUH NG, AEE PO A IR AR R AR B E

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 121



Basic Medical Theory Research

FAHE SP3BT HT S
8 e 3 W eHRA 1.0€2026 4
A W3 | FIS (ISSND @ 2705-1102(P) / 2705-1110(0)

5, SRIHSIRCE AT S,

KREER BLERI B FNLAR Y 2] (ML) JEE BEAY
FRED TR AR, R R X L HURTE B 52
FUREHE S SR R DR A o HLER 5 ) TR ISR B R 2 B 0
172, e B, CAIRRIR RS HEIS I TR £
B IR EY T, AL SEUE BOR (45 A B e 025 5
o O A AR AR S, R B AR A R B R L
TETERE R R o I A LRIR, AT B AR TS 4,
HEZNHLARF 2] 5 N L RerE B s R H R ERG
HEER R R -

| EMRENEBERRZHPEEER

AR AR FTE MR R B R AR da b, SRR
LRI AR S B . JEAER, S TAMERE b (i
T XF cfDNA. miRNAs FE B S IIRER, XEhrEY
1% F13458 RIS W AR YT IR0, e TR R (HL pylori)
TRy B e 11 7B R TR 3R L e A e T WA TS A A
N—FIAERANE RN T B, Re 08 oo IR SIS A 1 7 i 12 R
i, SR SRR AR, E B R A R B
K7

1.1 &3 DNA (ctDNA) 5 F3ELb

FEH IR DNA (ctDNA) &I 4nfuyd . HaEsk sy
WA B AL Ui RS DNA R Beo AR G T 1 40 R TSI
cfDNA, ctDNA #7587 1 J5 & R s ML IR AL 22 008, and
2838, ¥ 2S5 Jv DNA HI3EL AR . St aetIfg i,
CtDNA {E—Fhs btk AR R N AR &Y, HAE IR
IR BE 5 R fruter SR IEAR G, HeR RN (29 1~2 /)
B, REWS R S LA YN B I AR . FE 2 THL
HZ 1, ctDNA IR 4 7E T HAL S 7 g 3 R 4 1) 4 T
5 5. Murtaza ZEORIESE ctDNA 43 Hr il i i R 5] 828 45 S
YEALIRTT o CTCs Ay S W8 A2 WPRFAE S T 245 LAk 2 11
Yu SOV HAE AR S IR TV S R RIS T L A ET R
TP R P EZIER . N EEH IR A 4D label-free 5514
FUHZEOAR, ikt PLOD3 Ml CACYBP fE N E-B& 44
o R SR B, FR%E CDK4A NREEE A, NZHM
FHASY AT B SRR

1.2 /M RNA (miRNA) M %% 512 Wi 8

M/ RNA (miRNA) & —2 K2 22 MEH R 1S
% RNA 437, B4 E i 5 mRNA #7 3'3EFI1% X (3' UTR)
SiE SRR R RIS, EHREAKTFEERERE, 25
YUAIEE b SR T S B A ) 2 R 7 B, miRNA
BETT{E s 35 (oncomiRs) IR R A, HAT1ENHIE
miRNA R 3E 2 . Liu 1 Xiaol 2VEH A T miRNA £
B BOFE LS, 45 0 miR-21. miR-155 2575 B 4041

Fgrh RS RE, e T PTEN (BEREEAITK 77
EEFRVEYD SN W RIE, Wl PIBK/AKT {5 58,
T 8 5o A A (2 2 MRS BE 7 10 miR-34a S5 00 4 23
K&k, MEAMEREY S ZHEBEEBANIY, miRNA
FERGUEYRYT 5 TS VRS T A H 230™  T 580F miRNA
PENIG AR ST 521, Zheng ZEU3IR FI G5 52 35 1
BT (SAMD BEAE KB L hOWF AR ifiE 14 Fh 22 RRIE
miRNA, Frh miR-21 fl miR-221 30t 5 2 1 Ut 5%
Stk ZMEFCIESE, SRR K& 2 PO IBHIE A R
B R TR TN B e AR, Sy S AR R N R R A
RILBET VTG . SRS, [ Y AR ARSI 2 O TR
82, (3% miRNA RS TR EA it SR,
REAT U IR Bh A s el 2 miR-452-5p, 1& B F IS W
Hh s I PR N FH 5

1.3 EAEYS 2 HE B AR

BIRWAL A S E A TS, (RAEG 0 5 & s &
) (1 CEA. CA19-9. CAT72-4) 7P LA 2 A8 . R
T, XL AL Gebr B AE 51 B e v i BUR M BUIR Gl H<40%),
B T HIRFAAME . ARBOX — I, 2 AR S EA R 5
WS RIE T AE . SRR T L iE S 1 (TKD 5
LSRR £ (CEA. CA125. CA19-9) BEA R HIHHE .«
TK1 B —Fh 2 MG T bR 4, He LI 7K 8 2 i ) 1
FEIE PE B VAR 0% W 70 R, K TKT INBR G R A R )5,
e NS 0 3 VR AME Gubs EVFEBURYE B, BEA R BH
VA 256 5 T TR I R AN TR AR 2 R M A
EYTEANERE, RIS W R A R e, 1eah, 3¢
{5 DNA A AR T —Fp H T B 0 2R B 12 Wi B
Tk BT B A B VR S 22 BE T A IR A NS, Rl
FEA e (0 RIS S DNA F LB AR 1N T i . Kozak
SEUSRIE R R B, 2400 DNA A II7E B o b g s
BURYERIRE R, HEA ], S RMELF, BoRIEN
BRI A T AT .

2 RBEERARABBERHISHNEE

BEE TR EOAR 1 KR, N L RIERR e B b
Hh R N B L R S W AR P OB — R . AL
AMLFESE FI2 WA, I RS N HR A LS 5 (1 /1N A2
RHE .

2.1 WEHARL & N TR BE(AD

WER A B SWI “Shnitt” , (AfEg BBk A
WA T B 230 FBRE, TEBUNRUNR AL B R IR M. 3R
FERFE, FEARBRMARMS (CNND , BN
BEERUIZR, Reti® A Zh R BUR L RE I 4T 726 . Wang
UK T —Fp 3T ResNet (F% Z M 45) 1 YOLO (You Only

122 Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Basic Medical Theory Research

FAHE SP3BT HT S
8 e 3 W eHRA 1.0€2026 4
A W3 | FIS (ISSND @ 2705-1102(P) / 2705-1110(0)

Look Once) ZEMJ IR S 3] M 4% . ResNet 8 I JZ I 2% 45
FIORAIE T BRI RRAE 7T RGREL, 11 YOLO Bk sesl 1
o RRASUAR FH s et PR SIS A 5 5 67 o AR R E S I T8 BG EE
H5REYE ERERTAR S, ARRKTIRIZE, wEE
Al BRTE B SR 2 W AT T B2 . Yaol T2,
EUEIGSRN B (TEE) 18 3 1 5ROk RS040l 5 R 40 245 44 1) T

RUACIKT-, A 30T 55 e 03 Ak RE 0 £ A B2 SE NS I M s

B4k, Narrow Band Imaging (NBID 7 A i 45 5 % K HIG
85 1 RN R TR S5 A8 BT L, RERETE P9 BE R ANALIR AR IR R A1
Ay, RS T ISR . Song Il Angl!IH5E i,
NBI 7£ 5 % = fi N S BRI 70, JUHIES T
NFRAR BT AN T o IX SRR 1 K R AE Yk /D 12 Wit ) 1) [
B, RGBT R SE IR AL T 5 2 TR

2.2 WBFEEAREGEENTER (AD

EARFT S IAFG YT J7 g, £ Z180E CT (MDCT)
A1 MRI K¥EH B SR, X Tk B RN
JECRE I, AL SR AFAE )RR . Zhang AT Yullig
MRI B % RIFIERA L P, G5 S B BE (2 R4S
AN R R IE TS O, AT IR BRI R % . Zhang
SEROFF (CNND R T i )3 P 1 oo B2 U0 B 37 A
Ao ZJ7 R RO AR R, AR AL B A IR
BRI RO SRIE RN, BERT T AR AR R, N
REISWHR AL T A s LA

3 HERFE S TEE YRR R YOI 5 R T R 9 5z F

T RE R 2 2% B P 20 2 B R A = A il S B
FRGE M Gevh 2 T VEME AL B S R AR 2R R R . MR
SJREU SR K BARIZIRRE 70, BOMKSHERR =0t 7 A% O
TR,

3.1 A AR Sk

ey M T A8 5 i R B P o R R RS
WIS, RAREYTFCIIHME T HLAS S ST R AR TR 4
Hy (W0 SVM-RFE. FEBLARAR) BefEA UM X — ol
Sun %5 A\ PURHH 78 4 b T MR AE Vobs SRR, K5 5 2 e
ToB AR A R o AF 7E AR R AL 2 o S ign K
MAAEAGEAT 2047, AR B 9 AH 5 1) miRNA FE F 5K
Fo Sun ZEAFEH, FIF AT S0, 0T RLSEIL Rk ) a0 i ik
bR BT, RS T IR R R Xy
EACUEIN T RIATEA RATAT M, B RS AR L T
PR R T

3.2 BT R ERHES (EHR) MK E

B T ARG, B IR B AR S ERE,
Chen %5 AP H, FIF HARES Z0FE (NLP) AR L&
R Frid s SR B B AR O 1 B IREIR AT AR R K . @

HEHLAS 2 IR EHR R HEAT 7047, Refg Tl s 1 B
JE KU, Dl R DRSS AL SO . RN AT 20 A7 A 5
f@REidk (EHR) , W5 B XU AH SRR A AL . T8
I NLP #ARMEFH 1) EHR U s E S, ATH
RSP B e T A SRR, RE A RORE S BT BHIRAITR 9. Y
I R B2 2L SR ARG HE A2 I SR IR —BOR A R A e 5
Iz Ti b T AR R I REIRIT, AT i) 8 BE LA X Y 7 A
HME

4 BREERE

BB RSHEE Pl Rk e, 2 AP B B & SHLE
MEARI LA BRIk TR, @il B a5
AR S A AL A 80, AT Re% S8 A Tt 4R
N B ENL], IR B I R O E B AL AR S
BEENLAS S S B, IR BT R AL B2 BR AT IS L
B, RGN, BT ZHPEERES R TR
SRAZIRSETT IR 5Tt 1 I A AR SR R . AR, 1%
AU i R A AT T i 1 22 Bl o AP0 ZE D AR 7 72
WSk 7 cutoff (HERZ Gt —Hrite, BRI T #5200 5 45 R
ATt A AL Z R TR e SRS, Bl B
WA FEBMEERIIE; A, BT REIR 2R
R xS FE R R A S5 20 2 R SR T A R

AR I T HETHERGE AL . SRR EAL I AR
T, FFAERIEREE 22 4 RO B2 T HE3) AT BOR 51l PR S22
WAL & . WA LR PR s i, ALA RN B 740
EWIZ O LR, ARG A BT R U 71304,
RANERETE.

[ 3CHk)

[1]Iwasaki H, Shimura T, Yamada T, et al. A novel urinary
microRNA biomarker panel for detecting gastric cancer[J].
J Gastroenterol, 2019.

[2]Epplein M, Butt J, Zhang VY, et al. Validation of a
blood biomarker for identification of individuals at high
risk for gastric cancer[J]. Cancer Epidemiol Biomarkers
Prev, 2018, 27(7): 946—954.

[31Zhu X, Ren L, Wang H, et al. Plasma microRNAs as
potential new biomarkers for early detection of early
gastric cancer[J]. World J Gastroenterol, 2019, 25(12):
1580—1591.

[41Sung H, Ferlay J, Siegel R, et al. Global Cancer
Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA
Cancer J Clin, 2021, 71: 209-249.

(51 A8 A, x| & 2, W h 7, % BRAETR T AR

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 123



Basic Medical Theory Research

FAHE SP3BT HT S
8 e 3 W eHRA 1.0€2026 4
A W3 | FIS (ISSND @ 2705-1102(P) / 2705-1110(0)

miRNAs 7 26 B 315 W 2 fk 37 0 85 % o0 B LI 0. o B AE B
W 22 %,2024,16(2):193-198.

[6]eske R, Reininger D, Turgu B, et al. Development of
Helicobacter  pylori  whole—proteome  arrays and
identification of serologic biomarkers for noncardia
gastric cancer in the MCC—Spain study[J]. Cancer Epidemiol
Biomarkers Prev, 2020, 29(4): 843—853.

[71So J, Kapoor R, Zhu F, et al. Development and
validation of a serum microRNA biomarker panel for
detecting gastric cancer in a high—risk population[J]. Gut,
2020, 69(5): 833—841.

(81 = i, 4k A8, 36 8 °F, % .8 31 Jiv 5 DNA 72 3% 1L 32 v 5

107 2 b b A 50 R LD IK AL Bk 8 4R 7 (L T 1R),2024,16(2):

201-207.

[9]Murtaza M, Dawson SJ, Pogrebniak K, et al.
Non—invasive analysis of acquired resistance to cancer
therapy by sequencing of plasma DNA[J]. Nature, 2013,
497(7447): 108-112.

[101Yu M, Stoecklein NH, et al. Circulating tumor cells
and their detection in cancer(J]. Curr Opin Genet Dev, 2017,
42: 96-103.

E#FETL2EAZELNTHABTE-RELEE
HE OB AR R 4R T FRAELD]T AL B A A 22,2023,

[12]L7u HS, Xiao HS. MicroRNAs as potential biomarkers
for gastric cancer[J]. World J Gastroenterol, 2014, 20(25):
8133-8141.

[131Zheng G, Xiong Y, Xu W, et al. A two—microRNA
signature as a potential biomarker for early gastric
cancer[J]. Oncol Lett, 2014, 7(4): 1148-1152.

CLATZ 33, 27 W4k, x| B & .t TKL 8% & CEA. CAL25,
CA19-9 A 2 72 I 138 fib g LT 0 2 o oy B R AT 2[00 (B R
0] $7,2024,21(24):125-129.

[15] Kozak K, BahTM, Kirtman B, et al. Fecal DNA testing
for early detection of gastric cancer: A prospective

study[J]. Gastroenterology, 2020, 158(2): 255—262.

[16JWang Y, Li J, Chen Y, et al. Deep learning—based
image recognition in early gastric cancer detection: A
clinical study[J]. Gastrointest Endosc, 2022, 96(5): 873—881

[171Yao K. Image—enhanced endoscopy for early gastric
cancer detection[J]. Dig Endosc, 2013, 25(Supp1 1): 16—23.

[18]Song L, Ang TL. Early detection of gastric cancer
with narrow—band imaging (NBI) endoscopy[J]. Clin Endosc,
2014, 47(1): 36—39.

[19]Zhang X, Yu L. Magnetic resonance imaging and its
application in early gastric cancer diagnosis[J]. World J
Gastroenterol, 2020, 26(12): 1520—-1531.

[20]Zhang L, Zhao S, Liu W, et al. Machine Tearning
applications in pathological classification of early gastric
cancer[J]. J Clin Patho1,2021,74(8):533—540.

[211Sun C, Wang H, Zhang Q, et al. Serum biomarkers and
machine Tearning for early gastric cancer screeninglJl.
CTlin Chem, 2020, 66(6): 776—786.

[22]Chen H, Zhang Z, Ma Y, et al. Natural language
processing in EHR for early gastric cancer risk assessment:
A machine learning approachlJ]. J Am Med Inform Assoc, 2022,
29(4): 573-582.

EE @I

gL (1992-) , B, Rk, #HBFTLAT, MEE
i, EREW, FMAGRRRE-—ARER, LG @E: HL

AL (1967-) , B, Rk, #HRFMLFT, KA,
FAEENT, MERERE-AKER, BFRA 6 HLAR
5

ELWH:

1L BALIFRSBRMB L H .5 F8HETFHRM

(XJRGZN202423 ) ; 2. #7524 £ MK F —AREREKL
ZRAM (YJKT 2024-10) 5 3B ZARARFREASL (g RH
F)MA: RA %S TDZKYXYB202606,

124 Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



