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Abstract

Hepatocellular carcinoma (HCC) is characterized by a rising incidence and poor prognosis, creating
an urgent clinical need for early diagnosis and precision treatment. Traditional imaging modalities
have significant limitations in assessing tumor heterogeneity and predicting therapeutic response.
As a quantitative image analysis technique, radiomics provides a new approach for non-invasive
and precise diagnosis and treatment of HCC. Among these, the combined analysis of intratumoral
and peritumoral ultrasound radiomics has emerged as a research hotspot due to its ability to cap-
ture tumor spatial heterogeneity and biological information of the peritumoral microenvironment.
This paper systematically reviews the technical advances of HCC radiomics in feature extraction,
multimodal data fusion, and the delineation of intratumoral and peritumoral regions. It focuses on
analyzing the clinical value of combined analysis in predicting microvascular invasion (MVI), opti-
mizing immune scoring, assessing early recurrence risk, and predicting response to local combined
systemic therapy, and summarizes key technical methods such as feature extraction from the 3~5
mm peritumoral region, optimization of machine learning algorithms, multicenter data validation,
and construction of clinical-radiomics combined models. Studies have shown that combined models
can significantly improve the predictive efficacy of MVI (AUC 0.80~0.85 vs. 0.70~0.75), immunother-
apy response (AUC increased by approximately 20%), and early recurrence assessment (C-index
0.82, 0.15 higher than TNM staging) compared with single-region models. Peritumoral features con-
tribute up to 40% to the prediction of therapeutic resistance. However, current research still faces
core challenges including the lack of standardized delineation of peritumoral regions, poor compa-
rability of features across different imaging modalities, insufficient model interpretability, and dif-
ficulties in handling multicenter data heterogeneity. In the future, it is necessary to promote the
clinical translation of this technology by establishing unified delineation standards, developing in-
terpretable algorithms, and optimizing multicenter data integration strategies, thereby facilitating
the construction and improvement of the precision medicine system for HCC.
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IR (HCO)WE it o W R MR 2T, AR Fr sk BT HIUR AR, (R 1 R I2 ATk
HEIRIT A TIIR IR TR [1]. K2 B E RIS KE R M RIG TEVIBR L2, 152 T G B 25 ml 4 771
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(ICIs) FIEARIR YT By e £, (ETING YT B BEAN TR ) e £ R ML T e Bk AR [ 2]« A% GESAR 2 TTRAE
VPG IR AT AR SR IR, R 7 E B B BT BRI HE WrEB PE AR T M4 [3]. FEHERRST IR
FEOSREEG ZRSHERE DAL TS BTG TT 55K [4] .

L1. FrERRS T SHERTRIRRTER

FF B P ) i A A R TR 3R 3h 10 RS W R IR (1] ImRSEE T, VF2 & RS
Wrim s RIA TE VIR, SEET ICIs IAALIR YT OV R T 58, HBkZ TS A bR B R T 6 7
SN Tk o AR SR AR S OB R NN PP, SR AR AR ME A, BRI T RS HEIR T IS8
Bt BRI, PRI T ERBEENAMRAET R, WU AR, 0 T3R5t TG T R
(4n PD-1 507 RO M 50 /3 A A7 45 R B A A5

1.2. REAFEMERRETE PR IRS

iR P9 S RS (TTH) 2 2R e v 7 R MBI B2 A (R SG BR R 3R, (EJE QeSS TTH U5 Btk . R4
W HREZ P41 MRI B CT 58 BFAE, S0 T ITH MR NPETRAL, ) Qs T U 4 R I R TS
YRR, BEAT RN S R AN AP L JR[6]. Al-based HUR 4 2445 REIR R S o H 28 B2, il
AR SR A R A B AR HE AR ORI, R R T 7O R S R AR AL RE 0. IBC AR P AR A
MR PR TS 2L 2 O R A AN 2 DXL e D0 B — XIS 7Y, 5 8 JHC A Al e e 2 ) 5 SR AP v AR I 3

1.3. EAXBEMFFENMRNE

Jog JA DX S & R AR AR S B T A e v R AT HES (HBPY IS 5 2 Ci AL I HUA R R4
i, %S5 RUERIBMVDSE, T BIPEAL IR R e SR IR 7] MR DX IS BRI TS 2 2 R ik v
BEINATAMAE, L0 it e o B EGFR SARIRASIN , 4 mm 8 J& 0 BRI I W B[ 8]0 ZE LA 0F 72
A5 mm B OSSR A RHIE SR T TR IX o AE Sy, SSURBRIE HT TR, SRR R AR AR
AT R o 75 731910 R RS LA FT RESR BLBURAYIbR Y, T TN 2R A7 I(RFS), I 58
TUAE (B S PR ARSI, D FFHJe B A= 22 L B SC R s PR A B8 Bt 10].

L4, XEERRIESANTE

ALRIRZ B R % RGN SBURVE SRR I 7 VR A HELE,  of JH 4 s 789 9 5908 JA S AR 2H 2 A
KCHRFAT RAVERI R 501 . SCHRAS 2 50040 5 €145 PubMed. Web of Science. Embase, o2 [H] i [l
02020 1 H A 2025 4 12 Ho RGBT RIBE X H IF > 5 45, 980K 3 O A F EAHE.
“hepatocellular carcinoma” - “radiomics” + “ultrasound radiomics” + “intratumoral” . “peritumoral” .
“microvascular invasion” . “immunotherapy” . “radiogenomics” Z¥; FiEid i /RIBHBHITHER K.

IINARAERLHE: (1) BFFON SO . IS 8 (2) NHUAR A P BR 5 I T o i
WA/ EUR R REAR R s (3) SRR FRdE S R AL S ity T W N AR T 5 (4) JRIGHE AR B RGN,
BRI S B AR A B BR EAE o HERRARE L FS 4« R = WA R AR SR LR AR B R P s A
F, CASCARFE R VEI A OSSR 50 T 51t , RPN FC AT T R 0 P, B O
AEL SREPEATAMERAE . 2 OB RYR DL A4 SEng . BEAEREAERY], A& o sissi &
UM AR AT, e R e Y R By, DRt AEA S b 7 DAE R 51 .

2.

FREBREFEAZRIR
SRR, HHER IR AL HORAE RS . A M R 25 0 X S S TR T S5 R,

DOI: 10.12677/acm.2026.163899 1227 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.163899

RIRSHEZ AR T S0t T8 TR . UK R R R P AER A . CT A1 MRI SRS IR F, Al
A S FE AR L P AR A
2.1. BERGEFFERNAGEFIHR

P R AR 2 S A P R AL SR O T A% ST LRFAE 1A B Sk Uik isitt . wt Fu A A A B
AR XS AT S B b, SRINECHL, TR SRR I, 33 /N TCAR B KA R (MRMR) AT /)
LA AL R ST (LASSO) [ A Sk, SPRFAEHEAT PRAEAT IR 35, A5 PR A LADCAL R AR SR O R 1]
UbAh, A ARA Y O T2 OB 2 8 RO R0, 45 A i R B i e Ak, 3R T
R (RIAER P 12] 0 B 75 075 5 SN AL i B S W b SRt 70, (B Rk 2 J 8 M AN D 5 5 5
SN, FEEE B AAG[13]. N BERORMIEIN, 15T ALK radiomics, 271 1 i abFERLA, SCRRIF
o8 B TN AN T 1A o

2.2. SRSRERERAEAR

ST BB G AR IS B G A R AGRIE IR, 38598 1 0 5 00 P P45 A0 U Tl . 41
1, 57 CT EME 1) radiomics FFAEHE B -G H T 40 B (HCC) A IS s (ICC) A 4 B i T % 2 (CRLM)
IR, RN H UG A S R R AR 14]. 2 AHIG 5% MRI 2R 9% FH T A B8y, Fitdll i/ Ngs 4 i
HCC 773, $#=&F-FIHIZWREI[15]. 27541 MRI #3454 radiomics Kk, PR TARRAMETE KR
g5, HTF ISR N 7. CT-based radiomics 17 7E T AT-Ja2 MV 7Y (40 B SR i B ST 89 ) A 2R 800 H v v A
P, FFRBR AR 16]. X LRl &R RARHE TR IS 8 @ 4 ] B L 88 22 ) Bk S, b T
AR B2 AR RE[17]

23. BASHEARER EfRERE

Je8 A 5980 ] DX R v A1 B0 B e RS HE BB AL BE BRI S . #E CT BME b, Tl ARATEN
SRS, FE IR A LoAE A X, IR 4R IR K radiomics AL, AT HERIAEE15]. B B,
Jed Ji DS 70 AN [RISE L AT J0 M, S5 A8 INARFAE , APPSR YT I B TG [13]. /£ HAIC-LEN-PDI if
I 1 AU HCC i, 988 P9 R0 JE X 3] radiomics FRAEBMOIAREL, FH T ARSI IR, 58RI
XIS E I R B A 18] X MR fR TR, FRE AR LA T Se Bk i BB RE A 7 B 550, AR Ry
AEFA AT L PE AN A Ty S

3. K& HTRIGR R A M E

KR N S A SR LA R & 0, BRI TS ST TP IR OB PR TN R e . XM
SRS TE AR 1 — DX M A SR PR, DB S 4 1 A B A A5 RS

3.1. WMERIEFMEEATREF

MUIMLERILMVD R IHEAR G E K EZEER R, HARFRAETNR FAR D Zhle £ REE. BKE
Tl N SR X SR A 2, TR B3R MV TR et . W FC R, TR 3~5 mm X5
JRAPERHE (I SO KRS 2% 2 50 WG 8 WRHER @ AR, A BE(AUC 0.80~0.85) % F ML T —J&
WHERI(AUC 0.70~0.75) [19]. JEH@ERE 2.5D IR ) 2 /-5 % S AL (MIL signature), RJH 2E#i#2 MVI
()75 (B AT, AL Sl R AR S B — AR A A RS TH 2 15% I BURERE o 98 Jo] X sl g A B =X
S Bk AR SR A ) B IE SE 5 MV R B L 25 DA 2<[20]
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3.2. REVES TMARBR LA

96 J DX A5 PR 28 M S B e 3 0 IR DR S 2 A S A SR AR O F8 b . T PR RNA DU P45 & 5%
BRI, 8 X3 SO AE (WUBE  AKFE SR A 46 R ) 55 CD8™ T 4 iR 2 i Y2 35 AH 2K (r = 0.62,
p<0.01)o BEATE P 7 0TI RFAE (U988 PSR IX 53 A )R () S e PP 4 ALY, S g A ) 28 Y8 77 il 2\
B, HLTRIN AR R B A PRAE AR 5 20 20% (AUC 0.78 vs. 0.65) [21]0 ZBEAL A G B 16 25 A 05536 97 1)
BE TSR T RAR AR B

3.3. RHIE R KB ARE

RIS R (<2 F)REE MVE R EBMEAEKEVIME G, TG 00T is il S = gE s 245 2R AE
(AR THAS KU B 987 — FFF S TSR Ji ) S JRa ) I A A R e (Ul it 3 235 B AR B AR ), BB T &/
RIMERL, OISR s, BEE BT R B K ) C-index 18 0.82 (95% CI: 0.76~0.88), #if&4t
TNM 23 BT 0.15 [22]. BAREEEFRRE 5 mm P 535 BEE B A 2 NS S G 1 7 (HR = 3.2, p
<0.001) [23].

3.4. BT RNTRRIERNE

X T R A RS IA YT (W HAIC-LEN-PD1. TACE %), BEA Mol $2 50 FE 97 S S 98 DX 3k g
FRAECansh Bk AR A 7 22 R LR B 5K RAAR bR AR X VA TT TN 25 IR TN DT k0 40%, 5638 i TR0 P R
fEQ25%). FET CT MR - BAZ A 2EBA BTN PD-1 #0FIRF LI R 3k 25 (DCB) ) AUC 4 0.83, #
ARG RBE Y (AUC 0.69) 32+ [ 13]. 7E TACE J7 20300 A, J83 JELRFAE 3@ et e W) =2 if A A R A, e
T3 A A7 A T 5 2 PR AR [24] -

4. RBEARFZSRELE

FERTERC B AL AT, SRBEOR T i AR A X R AL SR I, HLEs 2 I BLERIIL AL . 2 i sl
PEIRAE LA PR - AR AR S Y AL o SR LT VEIR IR S8 798 9 508 PR 5 2 M PR e PRS2 PR A7
A ORI (R RS A PEAT TS24

4.1. A 3~5 mm XIH AV EIR IR ES

T A XSRS AL SRR NS IR AE T 3~5 mm Vi, DU IR BB A E . BTFURY], fE 4
mm Y8 Fl P SR AL RFAE S R S 2 SR T FROANARL, 9 G /e i e 6 v, 29 Bl RO R ALE B E W e A 8T
I EGFR AR, & AUC [EAL T T8 A RFAE AR AL (8] tedh, 8 o DX SR (Ao Jo A 58 ) ) A 5 1k
G YT T P e S DR, e M EE 3 A s IR IUIAN T T #8 iOY] CT = MRI R, 3R ERSUH R &5 4
il o XL SRS SR A8 JA) X IR R AR A 2 P R SRS Y, JE LA S SR SR 4 P e (HNSCC) H FI s 2 52
SRS, SR R AE R R S DU SR A A E 25

4.2. HSRFIEHREESMEL

LA ) EIE I B S AR A B X 0, W R 2P o R AR e e B R . W S
14 FRHLES 5 2 LT NP AR, 455 Logistic Regression (LR). Support Vector Machine (SVM)F!
Random Forest (RF), FE#IEAE XIGAEALSE[25]. N T LG (ANN)F LGN A TR a8/ m . &R A
WA U 4228 . FERHEAR AL T 1, LASSO [RIVA A THRHIEIEFE, 456 Z-score FrfEAL 1 Spearman AH ¢
PEI3 T, LR TORFHE ISR T BAIZ AR J[26], 2 )2 RN 4843 8 AE LA 7y S 88 h R I i A,
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e NTBUN H AR B A L2 1) BBAh, ZET LR, SVM F RF 7p R8BI A,  DAAfA Bt

TR ERE, Fd i R AL R AL PR v AR AR (27 ]

Table 1. Summary of machine learning applications in radiomics

=1 NMBRFIERGAFTHIRALE

N5 I& F R 2 7Y GRS WLAR = 2] B2 4 77 58
(Applicati on (Applicable (Imaging (Machine Learning Algorithm Featu ‘P ine Method
Scenario) Cancer Types) Modality) Category) (Feature Processing Method)
CopLabE SIS B
FT4uffE  HA/CT/MRI ALR). ZHEEHL(SVM). *Rﬁﬁﬁgﬁﬁﬁ?ﬁ’
- BEHLARFR(RF) S 14 RS
Z RPN Y
PEREXS L Lt + BURHE: LR,
FF40  WA/CT/MRI SVM. RF. 22 W%Eﬁggﬁﬁﬁ?i
(MLP)% 9 *EF jj’ LEB%'Z gz#%‘c'fﬂ;mﬂ (=)
JiRg S P VT A P e TURE VL N T m 4 IRFEM45 H S RHESREL AR
ek el ECTIMRI (ANN) 1, L A R
e p g g " . . e = AKSEES . LASSO [H]1H
ARSI SR e mecrry R HL IR i+ 7 score bitEIE +
Rz RE 13T AEDRAL 5 g AR N
Spearman 8¢V 3 Ht
S MERGHEHE: Wanbh
T A R b A o _ JEIR-TH(XGBoost)s FEHLARA  REIEREGER AR db B im 4k 15
BT JHF- 44 P P #H75/CT/MRI (RF). SFHEBLEYM), W P
AR AL T AR AR
LIRS B, B B
GRS FFA CT  (LR), 44 LASSO 5% %{Mﬁg*ﬁgmmﬁm
TR 7 14 5 A5 TR A
. - ZME S BEEIHLR). M AW ERHE. SRR
iy 13 i
PROREZE g cMRL BUARHRE). ERELER R ME
b FaE ISR R R P v
Sl + REEIEY: B
RIRRFAEIIIN T e cTMrl PVALR). BEHLERARRE). % SREVEJE 3~5 mm XBURHE

FAY TR L% (CNN), &EHLD T

RITCBI T 55K

FHG DR ALET X

4.3. SHLBIRWIER %

% HROBE S T VR AR B Bz A PR RT SR, SR R [0 B BA ) 23 FE AN A8 SCBHIEAESE . BIF TS MY
ANEIT RN EE AR, HEEIZE. AEBIIEER NI, LA A ) Fa e v A A] 5 A 1
[6]o 25Melsth, =AHURIEEE BRI NINGR. AEMANENRIAS], 85 E MR S w2 . 3 K%
FASFLOE) 851 A B EHIRH TH RIFRAEIUS 7326, KH 10-fold 28 XEGUEHAT N EFSHIE. £=1
Bk, B S B BN SRS RIGIE L, DAVE A B 7E S B s R IL[28]. bk, =rO%ifs
WM B RS WABINAERE . AN AL, 4602 5-fold A8 XUIRUFHESE, T {REALZE ST
MEREE ) AUC {535 0.75.
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4.4. IEHK - RIRAFHREERME

IR - SR AL A A B Ol i B S R B IR R AR R, $RTH IR RE . B T4 & IR A 3R
(USRS 0 R4 ) 5598 P RS e TEU AL A5 AL, TS 22 A8 Logistic [RIH 0T HY R TBUR 452 - I PRV
HREEL, T T 52 A XU o I PR — TEUHT 2 2 A R o 8 i PR AR IR (VR 7 S B4R e ) 5 TS 2L 27 9P 3 T
R R FE 7500 LASSO)AI R 3R il 28 70 W PP G EANEL[S ] SR iU 422 A (U1 JE T LR B0 SVM
(170 4% 5 e PRTBUS 7 Bt (o BEWA SR FR) 25 45, MR IR A, id 2 30 & [ml A Sl R Ak . ik
bb, OV SR AL B AR AN BB, RPN, H TPk ia T SOSATTUE [29] -

5. IR RN AR HERGAF PR A

B AR 2 SRR FE AR T, R T SR S 1 PR ) L R B AL S B R R 22— T2
RSN SR AR E D ATHEZE T, BRI B MO AE AR R S AR RS 27 ST B0, LRSS I IR
CRAT 5 ANER, ok it il B AT AR T VA AR s AR AR AL 5 8 R0 24T 22 18] BT DR TR

51. ETHIEERMHFNEREES %

RAAE AR H AT R AL AR TP B ) 2 I A R AT R 7 i, W 2k T RENLARMR(RF) 1)
i 56 FEE S TH(XGBoost) B 48 [m] ALY R A B R B S Jd 0 A 45 SRR AE R ASE 2R T 00 45 SR ) DT R
FIHIZ ARG MV B U BB 67 i LB AT SRS [0 A B0R8 SR R AE T AR A Fe s B
3T CT Al MRI ISR 22 0 A S R SCBAS AR (A A B L AR FE BRI EL S R AN 53 E MV T3
D0 e A EE B HE PP AR A v TR A TR A SRR, 3R R A R S AE IR R 2R R R 1 ) SR (17
[20]. 3T B B T BER RS HIWT,  (EUXE AR B — FEAS 2 T (K PN ML

5.2. SHAP E5MrEEIRE R

SHapley Additive exPlanations (SHAP)/& —FiJE T ZRR B MR RET7 V%, e fE MR B IR 24k
F S REAERT TR &5 S IR DTk, AR AT AR A e e UG R R 1 ik — . R B
BRI 20 70K SHAP {5 T iR sAR 2 A A5 R0 g 73123 AL R Tl Js i) Pl 25 5%, & s SHAP {H 1)
T S R AR AR 5 A RO 2 3 IR (0 VEGF A) K S 28 410l 38 I ST o 35 A 221

5.3. Grad-CAM, FEHHRES=E LR

T FETIRBE 22 ST ISR Y, B B B B0E WL (Grad-CAM) 233 7= 77 #4 ] (attention map) #%
Tz T AT AR B OGS B S R X 3. 2RI RB IS AR R AR AR B A B, B R AR A A T
T R b R ASOOGYE R N B0 A X AE A G A, Grad-CAM 45 7R, Tl MVI B8 45 i6 77 ik
JSE R IR FBE 2 YA A A SR A T IR a0 5 S L AR R A X 3, T AR D IRBE X, X — R I S 0 B 2
MVI 2K AET MR - A SRR —2[19]. Bbht, R IINLEIE AT T LU ACAN [R] R Ja PR S
(W1 3 mm 55 5 mm)fERY e sk o AR, D98 X IR A E AR AR AL S Bt Al

54. HEEEF XK : HEFMISHE. HRAOXRRE

TS JE R 20 23 3 B AR ZH SRR AIE S B R A | BE PRI AH e s LB 3B R SUARRFAE IR A 2 AR
FEPETHR ATRRE R A Lo iR AR, U5 G B A SR A3 AR TR HE AR RS PR A SR AL
5.4.1. S5HHEIERE A REIE

R R BB 5 AR B R AR AT 58 B OQIK,  WIRA W B L. A, I8 R 7S SORF A O LG
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o RS S0 BT AR AR IR I AL (CD45 + 4 35 ) B B IEAR R (r=0.68, p<0.001), 5 MVI
SRS R (TC /42 P B ) R A 5% (r = 0.73, p < 0.001), IE SR A AR RFAE AT To 6 S e i 8 12 28 1 AR D0
HSUR20];: AN TEASRHEERIERE . RIS B2 5 8 20 AR BE R G (r = —0.61, p < 0.001), BRJE ik
fIG. RITHKRS, R GBR 2, RARRHEIR T 7 BB EE IR [22] o 8 R AIE B 22V HE 44 TG 1)
Top5 FAARRHIE, CE i BRAR AR AL 2 AR m] e I AR Al AR AR L S T 40%, B0 5 e IR 4552 .

5.4.2. 5% R4E (SR L0HPR) LI S BR

454 bulk RNA-seq B RNA T (scRNA-seq), ENLFARRFAERT N (1) 537 W B sk 4 a0 3, 4
INELEE SR BERY . AE P BN FE D AL 20T 70, scRNA-seq 2047 & FILIRE A 1o J05 L S A8 4 11E 5 8 ) AR 53
i CD8* T ZHff(CXCL13 + MVEE) A E 40 il (CD68+ CD163-E 7)1 i L] 5 35 A 5% (r = 0.62, p < 0.01),
ZARHEX B 22 SRR B B AR T “T AisAb” “Hrsi Bl ” ampg, AR 1 LT e 18 o7 e B (1) 2
FHLHI[21]5 I8 AR TE X AH SR G RRAE (W1 K AN 35 50 1) 5 i A DG [RI (HIF- 1o VEGFA) IR IE K IE
FHR(r=0.58,p<0.01), FRZHMI BT B 12 X 45 AR AU 52 B4 R 4 A, A2 R IE I AR 5 A i
PR T RESHIEYE[6]. AL, SHAP {H 044 scRNA-seq UESE, A 3 mm X351 2K 5 34 S PERFAE &
T G 95 v 7 e B ) SRR, HCSHEN L CD8' T 2 fu B An E4(PD-1. TIM3)IKKIA, BAHf i FFAERHG
7 R J82 PR 2 ) T 4 FH 297 o

6. HATHARFERIBEA
6.1. B XIE R ERIFRAE AL )RR

BT TR A X FE Sk Z 48— AnifE, SEURFLIRIES RAERZE 257 . Pl A0 TR
DXSBR E IR A 4 mm S AR FE N 2 T S BkIYIE 58 b R S aS faAn AT Rl o o X FPA —
BUEEESEM T 22 HprOo Rt T R I T SE PR RS T4 ko Ak, 8 A XA A R A ) S5 S e (¢
RERAR S RIS ) R AE R AR 22 T e pR e A B e 70 Sk, it — DN 1 45 R B I R A

6.2. FRIFGRSHFFAERT L

AFEFRABB M CT. MRS B 24057 FECU B A SRR E YR E PR IC. SLIRd
PR, Y CT KM 8 MARIPMUET, SR S HFFAE i I & — FU % (concordance correlation coefficient,
CCO)H LRI AN[30]. JLHAEZH O, FER R R BRSNS B85 EHERENZE 7Y
K, B SERY B AU BRI AR RE[3 1] IX PSS ORI FR 1) T 8 T B0 — RAAR BOR OB [m) 2 1 55
AL N -

6.3. IR FEEMYSIRKELER

AT A B 2 AR A A MM AR 5 ) BE (N TP M 4%, s FE sk = 0% B, I R ER A= 7
N CBAT o B, ET EGFR RADIRGSHS, AR AR IE BRI ALRE(AUC M 0.728 1 &
0.877), {H A2 SCICAIL ] 0 R WA o RN, ARyt R i R AT HRAEVEAS (- 22 B80T 72 DR AR XU D145
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