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H 8. 5t 4 i (HCC) UM B2 IB (MVI) B R AENLH] . AR AT TRMIHT SRmS K Ext I R AE #E2 ST 18 S4
H. 1k RGBSR, EROH “RE - FBiE” 3 & L5 - BR 4L (EMT)ZEMVIE B H R E
YEH, PRAEMERS S8 MAER AN TR AR HEATNREE, HETTMVPRASIHE T REFE M.
R MVIFREFER B IOEMISE, ¥ & HRi4 i i /B B (NETs) B8 & E vk 41 Mtk AL 0L
. ZEARBIHN 5T, B MER R (PIVKA-IN) & RS 5% K AERE (S B WAL T F IR E B (AFP) 2
Wr i {E ; FEEF IR 40 (CTC)M ctDNAS R ETER B A E R T RHMBE BN 0 FRIE. IR_RETIREX
A ZESHBEE (WDL-TriFusion), EiT B SR SR RIE, BERA T I RBE 55 R%E.
Z#%: MVIZRHCCRERE RFIZLERER. MBREE NS ESRIHNER, XFH e MEIET
REXEE., BEMUEBRIRF AR RBERE (AT YIR), A% EFARBHBETT (WHAIC)
KBRS IR T RS ABER AL T R KIE . RRFBITRZ LRl BEMERT 55 S H IR .
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Abstract

Objective: To explore the pathogenesis of microvascular invasion (MVI) in hepatocellular carcinoma
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(HCC), novel preoperative prediction strategies, and their guiding value for precision clinical diag-
nosis and treatment. Methods: A systematic review of relevant literature was conducted, focusing
on the pathological roles of the inflammation-cancer axis and epithelial-mesenchymal transition
(EMT) in MVI formation. The predictive efficacy of serum biomarkers, liquid biopsy, and artificial
intelligence-based radiomics was evaluated, and the impact of MVI status on treatment decisions
was investigated. Results: The occurrence of MVl is rooted in a chronic inflammatory microenviron-
ment, involving mechanisms such as neutrophil extracellular traps (NETs) release and macrophage
polarization. In terms of preoperative prediction, abnormal prothrombin-II (PIVKA-II) and sys-
temic immune inflammatory index (SII) showed superior diagnostic value compared to alpha-feto-
protein (AFP). Liquid biopsy techniques such as circulating tumor cells (CTC) and ctDNA revealed
the molecular characteristics of early micrometastases. In particular, deep learning-based multi-
modal imaging models (such as DL-TriFusion) significantly improved the sensitivity and specificity
of prediction by integrating imaging and clinical features. Conclusion: MVl is a core risk factor for HCC
recurrence after surgery. Constructing a high-precision, multimodal preoperative prediction system
is crucial for developing individualized treatment plans. It not only guides the selection of surgical
procedures (such as anatomical hepatectomy) but also provides a scientific basis for screening pa-
tients who will benefit from perioperative adjuvant therapy (such as HAIC) and targeted immuno-
therapy. Future multicenter prospective studies are needed to promote its clinical translation.
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1. 518

EERVEEN, A (HCO)WE N m BE 2 f B R CROR R B 2N, LT RES =), HERAH
A BRI B i BB A2 T B IC T8, R B S BET A 355 i 4 T PR AE S EdE 1 7.6%
M 41.7% [2]. HETFARVIEGRA LG T B, EMEARINRGIRE, BFRE 5 FEREREN &S
70%, JR9HIA I AAF B SRR [3] . AL ARIE(MV 1) A2 R 4R 28 PR i ) S B FEAR 8, ARG
RGBT RIS AE K R 3R [4] - MV AL R T 20 COE NTIE IR R S8, e XU S 25 48 m PRk,
ARETRETHERIR A MVUIRES, XMALIGTT RIS ML EOCE Z . filln, MVI IR R 5 88 AN H
SRS 5 R BURYT AR KIS U RL(RFA) ;s £ F AR, XREE AT EE 241 cm)
BGEATMERIPE VIR RIS, MVIIRZS 2 o /2 15 5 3 Bl T AR YTHE A sl e el B o7 B R B [5] . 43
ERTIR, RS m RS HEROR T MV TN 5%, 6 2 e o TS oA B RN
IRIER

2. MVI EX EFREANE

T & 42 48 (microvascular invasion, MVI) E Z Y R AE A N ULEER]. TEE AT PR 4 R A ) I
B AAEE AR S, 20 T bR A A R 55 T AL 23 I TR KGR/ 23 3, MV IR A g AE
VAT ST A 2 4 HAEM AR, In IR EARIE 9 0 e A B AT 4y 9, o MO 2R, SRR
W ML, <5 MVI, HRAETERESFHZAXIEEL em); M2 2%, >5 4> MVI, 8t MVI KA T
A X A5 (>1 em) [4].
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2.1. MEIEERSESE

ik 8 I A A A S AR AR K SR A . I P R AR K TR T (VE GF) B JHL 8 B 1 S s, 50 i 2 i
gE R 2EL H IR R ER, g BiE AR 2R R T W EEIE 6], BhAl, SVEM A S HIF-1a ik 1A,
FEAE3E VEGF 43 () [F) I 805 356 52 4 J 2 F B (MMPs) , 385 P At 4 it A0 356 Joi 3 — 25 sk MV HERE[ 7]

2.2. bR - BIREHEMT)HLESEFR

EMT & I 43Rz 5 518 B R A <4 384T . %2 TGF-B. Wnt/-catenin 25(5 5l 4 4K %), HCC
40l R i E-cadherin 3 L] N-cadherin & Vimentin 15, MMsk#g “ T FiE. KARBEEACH IR
YA B A% T R ) L BE EE ,  IX AR IE T AT LA A R 41 i (CT C) %2 2 8L 18] iR B4R FAE[8]

2.3 BMRIEE RS RERNFE

WA AR 10 AT S B LT 5%, PEBARCRSEPY IL-6, TNF-o S HE D TRFI RS b
LB B 517 6 O (NETS) i S E R W S R 2100 TR0, M2 AL O BT A
S0 CTAMRS) 1350 6 8 525 10 IO SO L B3R, 9 MV LRI AU R [10]. R “ S -
7 SAOA LA P, A JOE - WP BRAOTLAERUR, H6S T AN LSO AR B MVI (038 i 5

.
3. MVI X EREERARE TN

R, MVIZ HCC EE ARG HI RS R E SR, HEAERAE 11%~60%, =6 EHFN
2R T R IA 90% [11] [12]. PHk, @bt MVI R FE R IR 2 RIS B R K, X T4 Sl AR s
AMEHIETT T R A O E . 2407, SZE MV RRTICEI TR T B R BR AT VU R4 g 4R
PRIGAE . SR ERRAE T WA TE A B S FH DL K 22 4 TR ASL A P 46 22
3.1 IFFSRERR
3.1.1. HERER(AFP)

AFP 227 HCC & Sihr EX. m7KF AFP B Ak 5 R A e 67 A X AS R TS A 56 [13]
JUAE 22 T [ Jai 1 BABIIE 5 AFP 7KF-5 MVI A 2 IEAH G [14] [15]. (HIEL TN REAAAE/RIR: —J5 T, &)
30%~40%/1] HCC 3 AFP SRV 75— 77T, v& sl M I 28 5 AR 5 R iR 7R m] 51 ke AFP B BH P T =i [16] -
A, H— AFP $RERTE MV RS HE TR _E A7 7R 45 S A A2 BRI AR -

3.1.2. RERMBEGE(PIVKA-II/DCP)

PIVKA-II 244 5 K Sk Z BEEPUA-N 35S IE A . £ HCC 4, b T i B B mi 14 R (0l &
GUIEE, FEPIVKA-I KEFE . IEF mKCFIEE —8UER, PIVKA-IL X MVI TG REL T AFP
[17] [18]. LTSI &, PIVKA-II id B ERIE 52K OS #1 DFS A K[19], Ml E, PIVKA-II MYz
W A7 A, BE LA R IR B TR B S A U N R 4E A Met 244, WS JAKISTAT J MAPK
M, EEEIKANME A S IR IE R [20]. 6K b, HERiEs S5 . MV &R K EE ) e ia 7 i 245
BEMC[21]. HAL, S T PIVKA-IIL AFP JIMERRA ADV 157, EZS SRS MR bR (40 PET-CT
RFSH) G, Beit— bRk B R 2 2 [22]

3.1.3. PMENARSHEAMELENLR)
NLR A Js Wi Jif R 28 AE B (P A 240 ) -5 0 R e 8 B Gk ES 4 ) RS R AR - o NLR 32
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AN TR IR oA s . MR 23 MMP-9. VEGF K St 25 (1 i i BB OR I8 BRI, Tk 2
2 e = U R S AR A 2024 A (1 — 350 I 35 ANBAFIE Meta 73 i, KAl NLR 5 MVI
WERK[23]. HBHHTIT ORI NLR WA ZAEFRIAERL, AURIE 1 HASZFM OB, S8R0 A
DN JEE o A CE Al B W DA R 55 v (48 73 [24] o

3.14. ;- A E B RER(GGT)

FENRIR b, GGT AL A NEAE IE FH BGRRS E AT f FE AR . PRI, GGT £ R S AL ML b s < B £
. MURNRIE I EiH GGT AUl e H Ik LI Pras b B, MRS 3 B AR 2k i A= A7 AL #4 [25] [26].
ZWHEE R, GGT K17 % TR A S MR K EARH R, R MVI KA RIS A B i R 1 [4] [27]

3.15. ARG BRIEIRB(SIN)

SH s AN x Ak 40 f sk R4 i) 3 & 7 =R g (5 2 [28]. BT NLR, SHGIAT
M/ARIX— R & . £ MVITERCH, SEARII/AMRFE Y IRy e A1EREE T 40 M A B s
R, BEREHCI MR BT ) /15 NK iM%, SRS B 40 MO 78 N B R e A s 5 5829 - Li 22 NI 745
H, SHZETRI MV UK EE 545 3 5 EIIET NLR M PLR, A6 2 ek B 51) 28 PRI 7R (1) B B 2 4 30]
[31].

3.2. WikER

3.2.1. TEMMEMM(CTC)

CTCs Fi bt 25 Ji A M 3 N RGP A A, 30 B bR B UL 2L (MVI) B A P 5
PR Z . BEFCUESE CTCs B m B S, HAepa Wiy & ae; a4l bk - i
(EMT)JF3RHX ) 51 2% B (Mesenchymal phenotype) (2 i 4 I 1 981228 77 o IR Stk Y CellSearch Z 445
G IR E A (Vimentin)brid S, ARFTAE L fuoms 1R CTC S5 BEE2 1 MV XU 2 152 2 1EAH
K[32]. B4, CTC HE(CTC clusters) i fit 4 i [ 2 B 4T 2% M T2 (Anoikis), H R e B4
CTC mith 23 2 50 1%, CLRLCH AHTARHT I 4% R LI K 105 VRS 1A% 0 £ i [33] [34]

3.2.2. fEX M DNA(CtDNA)

CIDNA {F A& B B AL (5 BT DNA R B, et 5w & o ol e 0 s K sh 6 A
B EEANME35]. A & @ NP (NGS)HR T ctDNA 5845 1 faf (TMB) A 45 5 & [K 48 5 (W1 TP53.
CTNNB1)5 MVI BRELCIRWIE . Wang 80 5T, AT ctDNA PHE HAERE TP53 JEAR M R4,
H MVI RAEZ R EEET36]. 5 Zhou @it A4 2FAHM T, XTHT MVI FHPESHIME HCC B
FERAEE, RRI, 7E MVIBHEEAS, TR TEGEREPVTT) A ctDNA I & — 20w
PR 5 R S IX — R I IR R A 2 4 U S, IR AL A% 1) ek S5 e SRR Y BB LT A, 9F
B EIEA RS, H5LT ctDNA 5 MVI Z [8] N FEI 4 1 5B [37]

3.2.3. hib{A (Exosomes) R IE4RHES RNA

A SR 248 R 1) 38 PR PR DG B A A, vyl 248 P 90 R A AR B 2 miRNA & IncRNA S8 2E 35 PE 5+« AL
FKOH, MiFSMBAAF miR-122. miR-21 ZEdE4wiES RNA [RIEFE 5 MVI Z V1A E[38]. iX 2L EZm Y RNA
AT A A2 RN B (L T P R 20 B RSB, AR 4T ) I IR 9 s R A T TE B [39]
3.3. RGFFHES AT EeERENSHT

T ZRAARE MV B O AR ] 4522 I EIA 17 D RE R -5 S 230 b B
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3.3.1. BIRERBFIHE

% WBhAS 15 MRI S8 i 775 7 2 I8 (i 5 77 2% B 55 SRR B BAE , BUNVREAG MV [ B 2T
H, CT ARG ERENRIGE: — TG R 2E0 703 T4 Lo CT 4, WM TIRE 91 4
FHNFRIE N kIR BN ED . ZAREM A RERRE R A L% MVI, B 5 B3 A BB A
17 HA(0S) Je i B A 5 35 I [40] 0 BhAh, CT PG r g oAy 3 2 Mk ko i ok E A2 T 26 3 B 75 AR IS
HiBh TACE 077 3R %8 [ R B AR K IR [41] . {ERB S WUk, & RIS (CEUS) IEZ S 5 MRI KR R AE 415
Babs, WHEZBEEIG A RCLRIIEIREME, W e 5 R B A NG TT SRS (K1 52 [42] -

332 REEFEBTF: RURESERRERHTE

A5 JE R 2H % (Radiogenomics) R ZIU RS | 72 MR BT JG I 0 Fid 3. Bilan, s s S oA e 2 il
A P A R -4 B B S Vi R, AR K B @ s MR TG 7 B AN s RIS, 6 9 0 e 41 4L
Hp R SR . X SO A BT T A SR M R B ) 2 5 K Ay e AL ZEEL I A
PRAE 12 5 B 22 IR 2 Jk A AN TR0 s st A R R R Vs 5 1 550286 2 o U R fh) 2L R IR BRI 31, AE R IR B R
0 (ADC) Bl LW (55 B g 78 o B x b IR - I - BRI B, o BB 1S LA HE
AT 1 1 43 TR 8L [43]

333 AIHBSREFINA

NTERE(AD, IR FA, 2R AR EIE S O sh B 4ER5 1 7 1 R I AL S F B
TEi LEA P4 o Al BV R0 7l HE N IR 3 AR R SO 3, B 3L 5 R A= AT N IR ZBE R
$A 40 DL-TriFusion B578, 2R B 22 STHERL B4 T 2 ) MRI S ARARIE S IR &, 782 Hh0 AR AIE
R SR S (RN, B TR S B AR 2R b, BRERTETARE
PREFZ I MVURES, $OREAMGRSE TR, BREA TUEEE RG[44]. Al 1R 3E A EdE—
BN LTI [ RITIE ST R . AR MVIEFREEERE SRR, T PO RIT R T R TS
AR EY), A SR R R R IR SR BEIX I RS SR, TR H B ELE
AR BI BT 30 Bk HEE AL ST (HAIC) 3R 26 (T [45] . SR, LRGSR, BB Bt LA Bhis W 16 17 B
LR SRR R T IR 2 BhR . B, SRETIMARE RS E E R ST HdE
AL B H s R, KRB 7C i B AR m B B b O RE AR, BRI RIUBE. ATRETER 2 e
PR UG AR R TS B ) LSz Ak BE Fr . Ah, W2 R R M AR LR T “B& A, L
B Yo 3k B2 A AS T A Ak (Explainability ) B K 124 7 I PR IS T (14252 BE S (ST RE o DRk, R el vy T
A P 5 3% 67 W) B 10 PT fRe N  BiB (Explainable Al XANEFR, BRSO A SRAZ AU 7 (K1 4% 200 77 171
[46].

3.4. ZETAHERNESITEN

T L —FEARAE TONRE B B, R M 25 S S R A 1) 2 RS Rl R A O RO A TR AL
MR E e XM ST A [ 4EREE B BEAME S, B ARl 8 4 ) s AR m g . 7% b,
WL 2 RAHZ A Cox Ll KA K LA /7 SRR S it S B8 5 S 500, IR AR
YEERFAE S TSRS AFPL PIVKA-IL K 205 R F) 511 AR EE S 5 (PRI A2 26 B0H R RAL TS 5%),
FAIEE T 22 Fh i b P2 1 51 2% Bl (Nomogram) 2 XU 3T 73 R G5 [41] [47] [48]. BbA LA AR A w5 FE 24 I PR S Bm
TR o BERAATEARBIARKYE MR 50 5 52 50 & AL PE 45, DR TICE] MV JRUSSE, 33817 1) e Ak VR T 2
B——Hl R ) TR R T M R e R, BNRITET 2 M FEARYIGRIA S . HEH TR 2 HAE
T A BB I, B = AREREGAE . —ANMILTS BT BUA AT = 1 X 40 B (C-index) , &2 R IFH
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B FE (Calibration plot). TR, FETHIESF (BN SRR ENL)E RSN MVI T, 3
— D TR AR LA R T, BB T T PR RE, (EENAER “ AR (Black Box)” @ PE S E L R
PR DB, IR AT AR A SR AT A L R T2 N A S RS [49]

4. MV RBTF 3T G RR R 5 AR S E

MVI BARFT BN S ARG T2, HAZOIMESE T RESIRZIFENT HCC RY7 SRS I &N, WFARTT
AMREE BT AR RAHE, BIAREHBATT FIRE & RE0ATTRREE, MVI DY SEELEE MR
Tl B SR B B AR o

4.1. SMRFARREREIMIL

MDA F AR T, MVIREEREIUE 7T VIBRTGEHE K E . BT MVI YR IR R A & s 28
KT e RS e, il 1 AT 1T B2 (Anatomical Resection, AR) ” # A1 A 1 %6 S o« AR T ARSI PE U %,
AR B SRR SRR [ 1R, AT AR AT R AR Tz DX S AN b o 258690 25080 S
N, REEGEM RN, AR fE#THES 1 &, 3 F L& 5 FRAEFH(0S) 5 L 472 (DFS) /7 4 @
P E AL H[50]. HeAh, X TIGERGTT, A S ESERSIR EiR 2R, In IR T K RN E bl 2
(Safety Margin) AR R Bt 5 . fERFREREATIER, MVI M2V R AL G B R XS F A7 [ 75 i
R3-AFP Z5014r R4 O MVI WAL LA R, FH LB PPl 5 R AR FE 3R T AR 5 e i) 5 i 7 22 (1)
%[51].

4.2. EIFREARFHENARTTHYERE

TEF FASH B AR Bha 7 A8, MV ARZS 2 TR VR 7 3R 28 N BER SCBEAEbr ) . K EE IR S E 4
R, XTHEW MV KIMEEE KT S mE S RFENEE, REMIGTREEScEmE. —l
ZrL ST R AOIESE, ExE s E R, IR G B S BhIR T 41 OS K DFS R T aiF
RE[52] . 3T FOLFOX 77 WA J5 i B I 3h Tk HEVE AT (HAIC) EL A E SE e A MV BE 4 B3 3K 28 [45]
PO EEBRA HCC, KA “HAIC + ©f&E e + PD-1 417" M =8c& 7%, I DFS kit B &0
T A AR YT 53] FEMEIAA T YRR HCC a7+, MVIRESE RIS 4 £, Flun, *f
THZ T+ A7 HTERETERERET + DRI G IR = RS, 0 MVIEIEYE, k2R3
TR BRI 2, FAEE MV, RIS 5 R R 5 8R40 T 77 2 [54]

4.3. WEFRTEHR

MVI O L4 TNM 731, BONHT—RBUSE D KRNI 0AE. L MSE P RE0AHI1, 157
#BE 7 MVIL DA K Edmondson-Steiner 434%, {EFll BCLC 0-A 5.4 HCC & AR 5 & & RS 7
T, HHARAE B TR mVIS F5r J AFP $8AR[55]. IXUE#A T MVIRUEE 5174 T A, &
i SRR RS S RS HE 4 2, AT S AR 2 A 1) e AR R S5 T U A %6 5 518 2 i 42, DA
ST SR AT B R R ) A B
5. &5ip

MVIAE R PE HCC B ARG B R 5 KA IR BAR bR, H AT/ = 2 AR FTIC 012 W “ 4
" o RRFARI S THEZEESMEARR, KIEANTEREERE:IEA, RERES S REE
P VBTSSR A ARAE, AR SR — S TR R . [FIE, i —SHm MVI R R 2T HLH
(WFIEMIAEE S EMT), #2488 LA MR T B A R R R, 29D ariEtEim Rk, 56
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