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Abstract

Objective: To evaluate the value of combining CT and MRI radiomics with machine learning random
forest models in preoperatively predicting microvascular invasion (MVI) in hepatocellular carci-
noma (HCC), to explore imaging characteristics associated with HCC MV]I, and to establish an effec-
tive and feasible predictive model. This aims to provide accurate preoperative MVI prediction for
patients and offer strong support for clinical decision-making, thereby advancing precision medi-
cine. Methods: Retrospective data were collected from 80 patients with hepatocellular carcinoma
(HCC) who underwent contrast-enhanced CT (CECT) and 91 patients who completed contrast-en-
hanced MRI (CE-MRI), including medical history, preoperative serum laboratory results, and imag-
ing data from the arterial phase (AP), portal venous phase (PVP), and delayed phase (DP) of CT/MRI.
Based on histopathological findings as the gold standard for diagnosis, samples were divided into
MVI-positive and MVI-negative groups. Potential risk factors were identified using non-parametric
tests, chi-square tests, or Fisher’s exact test, followed by multivariate logistic regression analysis to
determine independent predictors. Radiomic features were extracted from images at each phase
and subjected to dimensionality reduction and feature selection. A three-stage progressive feature
reduction strategy was applied to iteratively eliminate redundant variables, identifying optimal
feature subsets for each phase. The best features from both CECT and CE-MRI across their respective
three phases were then integrated to form a combined multi-phase feature set. Based on this, a com-
prehensive scoring system was developed. All study subjects were randomly split into training and
testing sets in an 8:2 ratio. Independent clinical predictors were fused with radiomic features ex-
tracted from different scanning phases, and a predictive model was constructed using the random
forest algorithm on the training set. The discriminatory performance of the clinical baseline model
(CF) and various radiomic models was evaluated using receiver operating characteristic (ROC)
curves. For the 57 patients who underwent both CECT and CE-MRI, the same process of feature ex-
traction, selection, and analysis was repeated, followed by random 8:2 division into training and
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testing sets. Random forest models were built accordingly, and their predictive performance was
assessed via ROC curves, along with calculation of accuracy, sensitivity, and specificity. Results: Om-
ics features were selected from imaging data of 80 patients undergoing CECT at different phases
(arterial phase, AP; portal venous phase, PVP; and delayed phase, DP), showing significant differ-
ences between microvascular invasion (MVI)-positive and MVI-negative hepatocellular carcinoma
groups (P < 0.05). Using an identical selection protocol, similar omics features with statistical dif-
ferences among groups were also identified in 91 CE-MRI image samples. Integrating clinical data
from all 114 enrolled patients, multivariate logistic regression analysis revealed that the maximum
diameter of the lesion on cross-section was the only independent risk factor for MVI (P < 0.001): the
maximum diameters for MVI-positive and -negative cases were 7.2 cm (4.8~11.5 cm) vs. 4.2 cm
(3.0~6.2 cm) on CECT, and 7.2 cm (4.5~11.0 cm) vs. 3.5 cm (3.0~5.8 cm) on CE-MRI, with significant
differences within each group. After random forest modeling, the AUCs of the test set were 0.705 for
CT alone and the clinical model (CF), and 0.748 for the MRI-clinical model. The AUCs of the single-
phase and combined three-phase omics models based on CE-MRI were 0.787, 0.765, 0.764, and
0.778, respectively, generally outperforming the clinical models. When combining clinical and om-
ics features, the performance of the CE-MRI integrated model exceeded that of standalone omics
models, with a clear improvement when using the three-phase combination; however, CECT showed
no significant enhancement, with only minor improvements in certain phases, confirming that fu-
sion models can optimize prediction of HCC MVI. In the subgroup of 57 patients who underwent
dual-modality synchronized examinations, the values of the CECT PVP, delayed phase, and three-
phase combined omics models were numerically higher than those of the corresponding CE-MRI
omics models, although the differences were not statistically significant, indicating that both mo-
dalities have highly comparable and robust predictive performance. Conclusion: Combining en-
hanced CT and enhanced MRI radiomic features with a random forest machine learning algorithm
enables effective preoperative prediction of microvascular invasion (MVI) in hepatocellular carci-
noma. There was no significant statistical difference in discriminatory performance among the
CECT and CE-MRI radiomic models constructed from different scanning phases. Moreover, both im-
aging modality-based radiomic models demonstrated effective predictive value, with comparable
overall performance and no notable statistical difference. Radiomic models derived from various
enhanced imaging phases can stably and effectively assess preoperative MVI status in HCC, provid-
ing reliable reference for individualized clinical diagnosis and treatment planning.
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1. 5|8

JHF- 4 ff g5 (Hepatocellular Carcinoma, HCC)J& i WL —FioBtE iR, K24 54 1R R MR 85%%
90% [1], XA fiv i Bt s Kb . EFRE, HCC M2 — R R %, Bl Z8MRIT7 7iEe
FEIF VIR HEREHE . S0 AN Bl kA7 i 245 2] . MR 3 I g2 7. 1) 98 79 1 7 %8 (China Liver Cancer
Staging, CNLC), FARYJER. HEEHZ 5 b 20 i 16 B a7 is, AR IR R R . A& AR
Ja AES RFAIE 10%, J5# BEAR, H 35% M RKMH[3] [4]. MERILEEmM FREIT T BT 800
— KREZEREK, 7 NKIMERIEMGIE 12 Microvascular Invasion, MV . K IR 7T LUE B AR
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AR AT B RSN, HEAREMFARERME, WEAEYFARVIRSGEATHEE. MVI$ETERM
BE T g A e 58 A6 T DR 5% 1 T8 Kk 23 3R 32 ELAE 7R B 44 PR A 7 ) L6 s 0 (2 BB P9 I ), B R LT
Bk IR SR N, MV EEEN AR E7R B2 W[5]. 28158, MVI PSS 55 9l HCC 2K,
AR 28T FF 44 e 28 AR TR UL B 1R A DA R AR O FE BE XA TT PSR R IR BRI 255 TS VPG A &
I AR E - 7525 T HCC SR 7SR, 2 2 T458[6] [7]1#7~ T HCC J8 P 808 i 52 15 4 445 1E 5 MV
SEAH GV . T A 9T B /R8I CT 1 MRI SSAR A HAR, SRR TAME MV BIRAR SRR, A%
AIAT P TINAR Y, O B SR HEAR AT AERA 1) MVI T, AR SR E s ke, DA HER T
TEREHEE T RIS T, B N AME ZHERALE) 2R R MV fGR R R 5, 8 AR A % 0 57
FER PRI, s il E 2R 5 B R R IR, N AT A OR B e ERE, FTH T
BBz R oy W T RO S BUS (8], fEWAE B REHREAR, A TR REH AR B
ReBE R N B TR Y, $2 % HCC ARRTHIIN MVI vt . DUEHRAGIR Z W 5ER I CT 1 MRI
SLG A L RIAE HCC RFTTN MV A 1R = i dEriatE, 7T LMER HCC B IR IRIRIGTT 77 U S %(9)-
[11], 2RTf0, BT GRE AT TR 2R, IR MESCIAR LS —, ) AN R [X (Region of Interest, ROT)
R FEANAFAE G, IX L HR I RUAR2H S T AN 75 EE AR 1) I, BT BA CT A MRI AR 0 i 75 25
ZHHETER 2 il S B E T, UE B HAEARTT MV 2 Wi Sk brig R M E -

2. MMERHE
2.1. MREMR

AT BB 2023 45 1 A 1 H~2026 45 1 A 1 HERIELUESDA HCC 11 114 Bl 576, 90
NbrdE: 1) RAT 10 RNBATELIEE CECT 8 CE-MRI 4 #5; 2) Ik BUR BLIEAR BIRA2 B MVI; 3) #
KRR G AL #% ;. 4) RETIHFIZIAE Child-Pugh 73 ¥y A 8L B 2% 5) ARFTAE B REATHOT . 1k
7 A NIGTT 3 6) ToHA TR I 8g L B D e o 0 S o HEBR AR fE s 1) R I IR Bk} B S0 S A B A 56 3
2) A HAREE R N B ThRE R R . 3) CT 8 MRI FUG Sl AN &0, ot i 12 W B R KA vk
IIHT o KT NI XS R 4 iR AR SE 2R 3 , W RGAERE . PR T 299 5 L AL . IR Zh B8 5> 2% (Child-Pugh)
e de X/NECR VI BLAE) . H IR & H (Alpha Fetoprotein, AFP)/K . ATFIhREFEFR(ELEFE: BN FEZ ¥ (Alanine

Transaminase, ALT)Z5).
2.2. REHERIGAE

2.2.1. CT 5%

CT Ky &RV T 7 X0E CT HLAY, e JE A 120KVP, & HHN 350mA, ZEEEN 1mm, FEEN
1 mm, R4EEE BARAE, 24 IERFKEL 2.5~3.0 ml/s S ES B TR EE AT s, A
KBTI, TFUEFIHRE 30~35 s RAEBIIKIA(AP) 60~65 s I3 I TEHBKIA(PVP). 120~150 s 13 sEIR 3
(DP), 476 ] B K& T 4 22 i 0 7K

2.2.2. MRI 3755

B RE MR 3.0T B & IFRATIE MRT $393, Bl AEH0ZR I8, 13 FH IR 145 B A ek
DIBENONY . AT IS BORE : BRI PIH] AX T2WI-Fs, TR=9600ms, TE=60ms, JZ/5 5 mm,
JZ[H% 2 mm, FOV 38 cm x36 cm; BHAXLAVA PREAFR TIWI 75150 R FHE R4 . H5Rnife:
22 Jof 1E HP MK o P G B A T AL B R R T LU R, 4524705 0.1 mmol/kg, JEGTEZE 2.0 ml/s; AE5EHE
J&i DA 2 4 30 ml AR ER K o 4 ) X L AR S S 20~25 s 60~70 s 160~200 s REEZ ik
FIK B3R =SNG R, FRIAERE R R B S 15 s 5, TG B BRI 2 #E 0 KT

DOI: 10.12677/jcpm.2026.54288 610 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2026.54288

N 55

2.2.3. EEMALIER ROI GiE

AT NAFFIE CT. MRI 545 DICOM 741 SEtibn AL AL B, AR RS BB RS, &
G —RIE VREHNHL A5 5/ K FERRIEAL . BOGER X RS . MR A% S KiE F . 8 ITK-SNAP %k
P4 4 e (HCC) JB 2 1 I CT A MRI SR EH (H DICOM s S UORAF ) MAER I 70 1. e 7RI L
FANG IR R AFIE IO R H—% 5 F TAERR M RHE BT A, 7 5 — 4 & R B
RITHATR A, /51936 HCC ik 78 5445 B 1B R X & (Region of Interest, ROI).

2.2.4. FHERRBUR IFE

KH Python # A1) pyradiomics T4 UG AT 2 4ERFIESRIEL . 0755 TAE . RRAESR & AT & Jaxt
RO AT AR B — A 3, 3 — AR I BE IR IEZS 0 A, 550 %o i 8 IO RF AR R AT P 4 b 3, DA
AT IR A e

AHIF TR BURR R I BAR FBL 05 CT A1 MRI P75 T 3R BUS GG A2 b i 32 A it o JLpn
A MRS B LR B I LS A, APk ST P S B PRI PR AR . RS R A A g k1
B RFIEA GBS ST RS R R, TR I 588 (1 CT A1 MRI = 1254 RRAE 5040 P

2.2.5. BEEIRM

DA% H () CT A1 MRI $0Hf J ki, 2257 BN LAR PR (Random Forest, RF)7r8ARAY,  HRHEA 7] 43 HA4F
MAFE S CT. MRI A=A 3 )\ AN AR 2 252 70 BT A AR IR 43 SR . i i L O R X (ROT) FH =44
SR R T ST A 1 S T A YA DG R ALACO) VR 7 ) — 30k, THE1F 2040 A AHE R4 1CC =0.892, #oR
ok oy ) — Bk R AT, AR S AR ARAE R = G gk i3k 247 ok S W 02 4 56 BB U I . Gk Ead vk
LASSO 4 LA e ARARHE 748 . R FR 3R DA 2 K 3R Logistic [81A 4347 i 7 V5 RS- I I e 17
KR JE(HCC MV A R AR 2, SRR (5 B A 2P & L T CT A MRI B AR RE
fiE(Clinical Features, CF) TS AY . bk it th Sk 1 G 20 445 5 F) s I PR OGP AR IBE R AR, Bl
IR - R ERE Tl R, iR RE AR 48 A T 28 SURIEVE SR EAT P4, F ROC il 2k Jz HoAH
KNG HEFR(AUC (B BURFE. FFm . AERR S50 5 AL (K2 W7 58 038047 407 07 1AFAR

2.2.6. GiitEFE S

FTA GRS 25 250 R M FR bR G i+ BT K FE SPSS 22.0 ik 5e /. X Tit &%k, KA Kol-
mogorov-Smirnov IEZALES, A IESEERM SR A E WU oA EE), P4l MVE AR FERS %2
5ffiH} Mann-Whitney U FRFIRG G s 43 S HORER B S M R L 20k, AR A B8 A5 EOR /I R O R 46 B
Fisher Mt S AT A LS. SRR R RI Gt =B 5, #— P47 ZHE Logistic 14, $2H
MVI B2 T R 7~ FIF Medcale 18.0 %4 [ DeLong #5646} b = B ALi2 Wil Siit2: B & ER
HIEN P <0.05,
3. R
3.1. fRBIKE

HUARRE 2023 45 1 H 1 H~2026 45 1 A 1 Hi¥ HCC &# 3Lt 186 1, HhEAHAIRHERIL 114 1
BEIAT T B, Hobhdt 80 fil g kT CECT 42, 3t 91 il #H4Tid CE-MRI 0 #, %43t
57 B RN 34T CECT & CE-MRI MG, FH# e HEAN N I SEAN [F) 4E BEE 7

Ji A SR 3 00 58 25 SRAE R AR, X4 A H Ui R AL MV BEEZH) AR B B i R4
(MVI BRI R o AN [FIRAR S A 7 20t B 1 4] 98 iE — SE R R &K i &, »T WL CECT
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ZH AN R B KR K AR SRt S 2= R (2 1), CE-MRI 47 AFP. B8 e KA K E 1 N B Gt

B RIBARFR(E 2).

Table 1. Univariate analysis of clinical characteristics in patients undergoing CECT examination

#F* 1. CECT RE B EIRFFHERER RS

FHIE MVI [ = 52) MVI 4 @ = 28) U6 AE (22 18) P 1A
(%) 0.294 0.588
5 36 (69.2) 21 (75.0)
7 16 (30.8) 7 (25.0)
FER(%) 64 (55~70) 63 (52~69) -0.613 0.540
JH- 48 993 52.(%) 0.761 0.383
H 40 (76.9) 19 (67.9)
ya 12 (23.1) 9 (32.1)
JHAE4E(%) 0.000 1.000
H 26 (50.0) 14 (50.0)
e 26 (50.0) 14 (50.0)
Child-pugh 73 24(%) 0.018 0.893
A 44 (84.6) 24 (85.7)
B 8 (15.4) 4(14.3)
ALT (%) 0.303 0.582
<50 38 (73.1) 22 (78.6)
>50 14 (26.9) 6 (21.4)
AST (%) 0.353 0.552
<40 28 (53.8) 17 (60.7)
>40 24 (46.2) 11 (39.3)
TB (%) 0.001 0.979
<19 37(71.2) 20 (71.4)
>19 15 (28.8) 8 (28.6)
ALB (%) 0.035 0.851
<40 14 (26.9) 7(25.0)
>40 38 (73.1) 21 (75.0)
PT (%) 0.818 0.366
<13 17 (32.7) 12 (42.9)
>13 35 (67.3) 16 (57.1)
AFP (%) 1.584 0.208
<400 36 (69.2) 23 (82.1)
>400 16 (30.8) 5(17.9)
iR gt DR AT K P (o) 7.2 (4.8~11.5) 4.2 (3.0~6.2) -4.872 <0.001
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Table 2. Univariate analysis of clinical characteristics in patients undergoing CE-MRI examination

F* 2. CE-MRI BB FIGAFHERE RS

HEAE MVI BH 4 (n = 38) MVI B4 1 = 53) KEIAEL(Z/ 15) P
T (%) 0.696 0.404
5 28 (73.7) 43 (81.1)
'8 10 (26.3) 10 (18.9)
FR (D) 64 (56~70) 63 (52~69) —0.845 0.398
JH 2897 52(%) 0.406 0.524
A 30 (70.98) 39 (73.6)
T 8 (21.1) 14 (26.4)
JHHEA (%) 0.052 0.820
H 18 (47.4) 26 (49.1)
I 20 (52.6) 27 (50.9)
Child-pugh 43 2(%) 0.038 0.845
A 32 (84.2) 45 (84.9)
B 6 (15.8) 8 (15.1)
ALT (%) 0.002 0.961
<50 30 (78.9) 42 (79.2)
>50 8 (21.1) 11 (20.8)
AST (%) 0.182 0.670
<40 21 (55.3) 31(58.5)
>40 12 (31.6) 22 (41.5)
TB (%) 1.672 0.196
<19 26 (68.4) 31 (58.5)
>19 12 (31.6) 22 (41.5)
ALB (%) 0.021 0.885
<40 8 (21.1) 11 (20.8)
>40 30 (78.9) 42 (79.2)
PT (%) 1.883 0.170
<13 30 (78.9) 36 (67.9)
>13 8 (21.1) 17 (32.1)
AFP (%) 7.232 0.007
<400 24 (63.2) 46 (86.8)
>400 14 (36.8) 7(13.2)
iR d R AT S (em) 7.2 (4.5~11.0) 3.5(3.0~5.8) —4.682 <0.001
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3.2. MEETRGEFHENTNEE URRTEI HCC MVI RIS BIXEE

3.2.1. CECT A EHAERRA FIER 2 [EiS B BER EL B

X347 IS CECT A 80 9 A, K 8:2 MBEHL BRI 42 IR 64 HIATIAL 16 1, 43
HLL AP PVP. DP ffiifk 5 (S HUE NAZ A R AE, WIEUIZRA AP. PVP K& DP ] RF B2, JIIZ5R4
Wi, JET AP. PVP. DP W AHM M BEHLARMAL R MVI X 48 J6 R ROC HiZE AUC EKIK A
0.878. 0.858. 0.845 (I 1(a)). MR F, Xt =% HHH(AP, PVP, DP)[{] RF FUMAERL A g 4 ERI0E, 75
=% AUC 45735152 0745, 0.778 F10.768 (1 1(b)). FEMARLAN, PVP FAL K54 T E DL/
T AP, DP HHARIR DL K = WIRHIE A & 1528 s CECT MY CF #5581 AUC 1 0.705, % R3ICRA K ity
A A AR E Y (32 3) MR — BTN T %, AP 5 CF 2041 G & B R R 300 H B A S
Pz A, {2 PVP. DP K =Ml &7l 454 CF BEAL IS Wik e A B SR A S A R RIS, BT s

T CF B (5 3),
107 — F 107 11 7
T — 7 7
o 7 | o
0.8 0.8
/ [
0.6 0.6 -
i i —
& | &
® ™
0.4 - y CF (AUC=0.768) 0.4 - ‘ 7 CF (AUC=0.705)
7 —— AP(AUC=0878) Lo /" —— AP (AUC=0.745)
—— PVP (AUC=0.858) J —— PVP (AUC=0.778)
—— DP (AUC=0.845) p —— DP (AUC=0.768)
021 —— AP+PVP+DP (AUC=0.899) 021 —— AP+PVP+DP (AUC=0.769)
. ,,/ —— AP+CF (AUC=0.879) . ya —— AP+CF (AUC=0.749)
—— PVP+CF (AUC=0.859) - PVP+CF (AUC=0.774)
—— DP+CF (AUC=0.843) % —— DP+CF (AUC=0.760)
AP+PVP+DP+CF (AUC=0.899) AP+PVP+DP+CF (AUC=0.767)
0.017 . ; . . ; 0017 . . . . .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 R 1 B
(@ (b)

Figure 1. (a) Area under the ROC curve of the training group established based on CECT, (b) Area under the ROC curve of
the test group based on CECT
1. (a) T CECT #IAIZEA/ ROC fhZk TEFR, (b) £F CECT B HIMIKLER ROC BhZk TER

Table 3. Diagnostic predictive performance of different models based on CECT images

= 3. BT CECT ER A RIEELA)IS M TN BE

YR (n = 64)

MR (n = 16)

NG - -
HEM%E RBE RRE AUC %R REE  RRE AUC
CF 0.710 0.851 0.518 0.768 0.624 0.779 0.413 0.705
AP 0.783 0.796 0.763 0.878 0.648 0.735 0.549 0.745
PVP 0.785 0.827 0.726 0.858 0.718 0.780 0.622 0.778
DP 0.774 0.873 0.635 0.845 0.666 0.765 0.540 0.768
AP + PVP + DP 0.805 0.865 0.719 0.899 0.730 0.793 0.645 0.769
AP +CF 0.809 0.845 0.747 0.879 0.669 0.731 0.851 0.749
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gk
PVP +CF 0.777 0.819 0.725 0.859 0.716 0.780 0.625 0.774
DP + CF 0.736 0.846 0.587 0.843 0.686 0.779 0.559 0.760
AP +PVP + DP + CF 0.806 0.857 0.730 0.899 0.768 0.797 0.626 0.767

CF: IRRIHNZE, AP: Zhfik#H, PVP: [1E#iKkIH, DP: ZEIRHH, AUC: ROC iz Fms.

3.2.2. CE-MRI T E IR G AFER 2 EiS MM EEAILL B

BT #EATIE CE-MRI A A 91 i3, FIREIKIR 8:2 MIELBIBENL > AUIZRL 73 BIATIR L 18 41,
53 A ARG 5 = I & B I 5 S B E AR A A RHE, MEYIZRA AP PVP [ DP [ RF 44, JIIZR4
BG4 AR T2 K MV ROC B2k R TR AUC 435124 0.880. 0.892 F2 0.882 (WLIH 2(a)), A4
X & RE A 2 e b TE0E, ROC #I4: RN AUC 4393l 0.787. 0.765 & 0.764 (JLE 2(b)).
TR, AP BRAIZ KBRS =T PVP. DP K& =HABCA#7, CE-MRI [¥) CF BRZ T L AE(AUC
= 0.748)KX T & WA L 22 MR (% 4). AP, PVP. DP K =BS5S CF RAILE & 5 70 MR 4L 12
BRI T B SR A BN CF BB (R 4) . SHAMEMIR A, AP-CF BRI 12 Bt =i T PVP,
DP K =HABE A2 B4 & CF ARG 2 I8 BE (£ 4).

1.0 1.0 T ] =
0.8 - , } |
[ |
[ T b
[
) 0.6 I
i i
B = Py
LS| g ™ A
0.4 1 | ’/ CF (AUC=0.810) . ,/ ——— CF (AUC=0.748)
i /’ ~—— AP (AUC=0.880) 4 ~— AP (AUC=0.787)
/' ——— PVP (AUC=0.892) ——— PVP (AUC=0.765)
',/ -~ DP (AUC=0.882) —— DP (AUC=0.764)
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Figure 2. (a) Area under the ROC curve of the training group based on CE-MRI, (b) Area under the ROC curve of the test
group based on CE-MRI
& 2. (a) £F CE-MRIZIZAIINZLER ROC BIZTEFR, (b) £TF CE-MRIEIZAIMIALER ROC HiZ T ER

Table 4. Diagnostic predictive performance of different models based on CE-MRI images

%% 4. BT CE-MRI Bl REHEE B2 B FUN 5 8

I (n = 73) kA = 18)
AR : ‘

WEE REUE AR AUC MR RBUE BRE AUC

CF 0.750 0.882 0.570 0.810 0.735 0.855 0.558 0.748

AP 0.808 0.875 0.694 0.880 0.706 0.768 0.614 0.787
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gk
PVPp 0.818 0.882 0.711 0.892 0.734 0.812 0.614 0.765
DpP 0.772 0.872 0.620 0.882 0.722 0.826 0.568 0.764
AP+ PVP + DP 0.804 0.883 0.684 0.907 0.713 0.811 0.575 0.778
AP + CF 0.796 0.870 0.687 0.899 0.725 0.811 0.597 0.813
PVP + CF 0.839 0.879 0.781 0.888 0.756 0.825 0.664 0.792
DP + CF 0.796 0.876 0.683 0.893 0.735 0.822 0.597 0.789
AP +PVP + DP + CF 0.823 0.897 0.711 0.926 0.725 0.822 0.575 0.810

CF: w/RIHZ, AP: Zhfik#i, PVP: [TH#IKH], DP: ZEIRW], AUC: ROC MiZk T .

3.2.3. CECT 5 CE-MRI B ERHREFFUIRRIKR AL 47

EFxt[EIN AT CECT & CE-MRI R (1) 57 B3, FIFAAKIR 8:2 1 LLBIBEHL 2 IR 46 {510
MR 11 %1, 23HI4E CT F1 MRI ff] AP, PVP } DP §iik t () 4H 2445 A0Stk BRI ZR2H 1 6 > RF A
B EEXFUNZRATT A BE VPN G, =N H CECT s8R 4 258 A T MVI (1) ROC HiZk AUC {H
WIRHN 0.894. 0.885 & 0.861 (WL 3(a)); 3T CE-MRI SAAGH4 2 () = 4L FAR AL, %R AUC HUE 29
/2 0.881. 0.844 }% 0.877. f&BIMHALE X AR AHF CECT. CE-MRI ZH 22 BTl 6 7 Fh R a0 e, 25
IR CECT =AN i AR AUC 1K IKA 0.724.0.809 K2 0.803 (L4 3(b)); CE-MRI #IRHHELAL ) AUC
M4 0.737. 0.713 }2 0.730 (5 5). 534 CECT = HABKA AL I R 20 AN 40 (1912 Wi 2 E 20 318 0.913
0.781; CE-MRI —HABK-G 1 B ZRA AR ZH 1012 Wi LR 23 1l 0.913 A1 0.742. £ CECT ZH A5 8 fr ]
R, PVP AGA SRR 2 Wk fE = T AP DP M = WIS SR 40 4, 7 CE-MRI 2412415 R 1
MERHH, =BG R A AR 2 W e = T AP PVP K DP su G4 #1558, W4 2 S 3b o geit
RN (P>0.05). 8 m] LR PSR AR 07 RAENNASE T IR I AESS F H, CECT >KJE PVP. DP LI AH
R 5 = AR AR, AR S RO LT 48 CE-MRI f72E PR, (5 b3k 22 4 A7 2 ] 1) R A
X EAR IHAAELE L it 2 T X (P > 0.05) (55 5).

Table 5. Diagnostic performance of different models based on CECT and CE-MRI images
% 5. £F CECT X CE-MRI Bl E1&EE AL Wik a8

YIZRZH (n = 46) MRHA 0 =11)
HEfE REE  RRE AUC  #EFE REE  RRE AUC
AP 0.816 0.920 0.684 0.894 0.670 0.766 0.552 0.724
CECT PVP 0.776 0.841 0.682 0.885 0.725 0.763 0.687 0.809
NIE =il
AR DP 0.801 0.903 0.667 0.861 0.805 0.784 0.626 0.803

AP +PVP +DP 0.808 0.874 0.713 0.913 0.755 0.813 0.677 0.781

AP 0.795 0.869 0.701 0.881 0.693 0.752 0.622 0.737
CE-MRI PVP 0.743 0.720 0.769 0.844 0.703 0.702 0.701 0.713
NG Ei
AR DP 0.801 0.863 0.715 0.877 0.681 0.729 0.614 0.730

AP + PVP + DP 0.813 0.855 0.762 0.913 0.703 0.741 0.655 0.742

AP: ZNBKIH, PVP: [1HBkiH, DP: ZEEH, AUC: ROC HiZk T,
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Figure 3. (a) Area under the ROC curve of the training group established based on CECT and CE-MRI, (b) Area under the
ROC curve of the test group based on CECT and CE-MRI

[ 3.(a) T CECT K& CE-MRI #IIHIIZER ROC FiIZk TER, (b) £T CECT K CE-MRI Z3Z#i{2EAI ROC
HhZk TER

4. +1ig

Y400 A8 (FEC.C) AR i Al 52 SR 75 2 e PR 2 28380 B« R S R 8 70 3912 47 TS (1) A
DRE, BRI ETF ARG . 7SRRI EAE R T BT R EES LK.
BT PRI — AT A2 MV 007 RO A R K, R I T B M 5 . MRS T AR A2 97 30
llo B AR 2 Vo T I B 02 25 0T S U0 20 0 VP R A A TSl LA R P 3 00 5 S50 2 e 1% e
S S T O, SRR MV T SRS A2 00 B IR 12] [13]. ASHFS04 B35 F- 4955 CT. M99 MRI £
B AR AR EIR , 1 FTBENL AL 28 5% = S0 2 A0 FRE MV R B BUUASTY , B 5% LL 2 — I PR AR
BOBIAS AL 2 B . R R R U A I R (IS TR, B TEIR S TG A BT TE 0 PR
MVI (R R TB, A AN A v A T SR B UK S 4% . AHF S8 o, 82 CECT
BABIIE & CE-MRI BAS1, MV BT 51 6 Jivsgd S5 AR T4 FE 1) S0 8k Tl 1) K000 2 57 L
B L. WMBI AT R B S0, TR AR BB, 1 P ST 4 B B R G, TR
RSO 2, ORI SRR R A BN IS 2 M W BB T, BRI
MVI AR . 7E 5 HUIIR AR, oRg B I K B FT AR 02 0 2 v X 2 1 1 53 4%, B ARG
B AT T A T VA MR GO0 (2 e . BN RAL S B SRR, MR RE( S T 8 3 75 5
BARTF. ABFIS BRI CECT 5 CE-MRI ZIIKET. 18K, 1GR9 = MR A e, 5 4 2 3
b SR 075 345 S W T A5 S0 T 80060 7 B R BE TU A B, (R TR % LA R 5 MV BEIR 25 D6 I M £
SR FARFAE T4 . RSSO, CE-MRI 4% 26 SIAR BEA K 22 3R 2 BT F 5 3 28R B0 T4 g s PR Y
HE B TR AR AL 2 R TR, 3 — 5 SR 5 400 R0 1 0 (55 B A e EE DT I P 40 M8 3 8 £
AL, 20K B A R AE T R0 I R0 53 9 A A 1 40 5 5 RORRRE , RS vl I 8 A R
(R FRIE R 14 110 15 AU 5 0838 015 A0 R TR 7 S B 96T 1 5 750 075 66 1 B0 PR L A s, %
A SR B T 22 40 P 2 R ME AE Y, A RO AN — I R 05 R O BRI
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NE— DR LEAS [F 528 1 25 IR R S A B, A T AN RII 58 % CECT 5 CE-MRI XUH A 2 (1)
T RS N B AR 04T o 45 SRR B, CECT [ TE KA ZE1R 1 K — HARK-A A5 A 1 Tou 0 2% e 7E 250 E s
B FUCACEAS) R i) CE-MRI #5554, (HP BRI RLRE 2 S RG24 o 245 FHEsL, 5k CT 5
W5 MRI EARRTFIA HCC-MVI J7 T B &SR0 MK N A, PR XS A&y st. CT fna
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P AR 0 R 22, A BE R A 52 IR 3 202 Ui B /IS L S 5 52, WA/ T MV B4 B A 1R
T T7 . R REARTON BRI (2518, AT ORI IRAS 2 )7 SR I R B UK HE, R TR —ad
FB, AT A TR 11 RS P 1 5 A

TERL A RS R T, ANBIF FUAE S PR AR ST A 6 DR 35 15 R A5 2 25 KA i A9 T S T2 W 2K e P e
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{10 P ) 184 2 2 R A
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B, RIRAFAERI VR T8 B (A I Bl fer, BRI EA IR, HXUEES FEEP R Am e 57 51, X5
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MR TR ZERIX WA, ARV NV B 4518 . FEAMUBRAS AT T A% O B, #—rh
oy A BRI Bt A DL 7 /0 UE BB B )iz I RIS, JE A TR 2l . KRR B ATHE 1
BABRES, & FRBERAESE, M — PRI AR TN A )z AR /), AR A% SE CT 5 MRI #2448 T Boo
HCC-MVI FAR BT T R RE A 75 0 SEAAEAE Gt 5 22 57 o FLIR, ARHIF 0 RFAE S BV 1Bl 40 v 1 e g = 4 X 3,
RGN JE 0] R RAARARAE, TR A A 58 . R I S5 3R B 5 MV RAE B VA OC, KRR AT FeFE
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g b, ABtFUEE 2. SRS RS BRI g T AE AT HCC AHT
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