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Abstract

Purpose: To explore the value of a prediction model combining CT imaging features based on LI-
RADS classification and clinical characteristics in predicting 2-year recurrence-free survival (RFS)
after treatment for patients with hepatitis B virus-related hepatocellular carcinoma (HBV-HCC) at
BCLC stage 0-A. Methods: A retrospective cohort of 200 patients with BCLC stage 0-A HBV-HCC who
underwent radiofrequency ablation (RFA, n = 99) or surgical resection (SR, n = 101) was included.
Independent prognostic factors were screened using univariate and multivariate Cox regression
analyses. Separate prognostic prediction models were then constructed for the RFA group and the
SR group. Model performance was evaluated using time-dependent receiver operating characteris-
tic (ROC) curves, calibration curves, decision curve analysis (DCA), and the concordance index (C-
index). The risk stratification capability was validated using Kaplan-Meier survival analysis. Pro-
pensity score matching (PSM) was employed to balance baseline characteristics. “Treatment-swapped
cross-validation” was performed to compare the differences in actual 2-year recurrence-free sur-
vival (RFS) between high-risk and low-risk subgroups when receiving the alternative treatment.
Results: Univariate and multivariate Cox regression analysis identified LDH, arterial peritumoral
enhancement, perivascular location, and tumor location as independent predictors of RFS in the
RFA group. Age, ALT, CA199, and tumor location were independent predictors of RFS in the SR group.
For predicting 2-year RFS, the RFA group model achieved an AUC of 0.86 (C-index = 0.806, 95% CI:
0.75~0.86), while the SR group model achieved an AUC of 0.79 (C-index = 0.691, 95% CI: 0.61~0.76).
After PSM, cross-validation showed: For the 46.4% of RFA high-risk patients, if they had received SR
instead, their 2-year RFS could have increased from 0.22 + 0.15 to 0.41 * 0.05 (P < 0.001). For the
60.7% of SR high-risk patients, if they had received RFA instead, their 2-year RFS could have in-
creased from 0.65 + 0.10 to 0.84 + 0.26 (P < 0.001). Conclusion: The prediction model based on LI-
RADS CT imaging features combined with clinical indicators can effectively identify high-risk pa-
tients. Furthermore, risk stratification across treatments can guide individualized treatment deci-
sions.
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JH- 4 g & (Hepatocellular Carcinoma, HCC) & fiEAH AT I EE — KIRI[1]. £ BT % 93 75 (Hepatitis
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B Virus, HBV)/& 4@ HCC £ ZHK 2 —[2]. HAl, SF4HRE(Radiofrequency ablation, RFA)FIF AR )
F#(Surgical resection, SR)#& BCLC 0-A #] HCC W EZR7 /73X, AH P TEIT 80 8 R AR 7 THI A7 1E 22 57
[3]o IEH3K, LI-RADS RGN T HCC WIS W, iz b FH 1 7S T iss. SR, anfe]
PR AR IR PR TR bR 25 & DR RS v 0 TS A8 T8 S I R R SR AT & e A AR R R I R, A B
FERIEE— P LT LI-RADS 43K R4 CT ERBEA I RFHETTN BCLC 0-A 1 Z Y % AH ¢ HCC il
Rl ARG TUGHRY,  FFi8 I A8 SRR J5 3256 10E FCAE 4 Bhii] 5 v6 97 U 5 7 TH 178 ZE I AR L A8

2. RlAISE
2.1. Hnts

(1B 23 A 2017 45 1 H & 2022 4 12 FIHIEE) PEEERL RS2 M & IR 22 B2 RFA (n = 99)Ek SR
(n=101)¥5J7 11 200 % HCC B3 . INFriE: @ HBV REFUFEHM:; @ HRMHE<S cm; @ Child-Pugh
A g @ IR K CT BkbeE: © BEVIRTE 24 NH, BEWHA SR RS . Hitadt: © EE
g, @ FEVI<2 9 @ SIFIIENER. AU RAIRRE R A T Rt B E B KR M I
B IERE T

2.2. BEIREG

BELEVRITIE 1. 3 64 9. 12 MNA RIMER 3 & 6 AN HE2ZBEYT, AU 5 I & A A4 2%
K (58 CT 8 MRI). EELSNTEE LK AEFHIRES), € XM RFA 88 SR SZjifi H I 2 AR 5 8 Rk
TP i e Ryt JEE T P R R Bz A B R R T . R R HE SR FR S Rl ) B B < 1.0 em 1)
Jitk[4]; FARVIBRIGEIZ<1 cm HIBkEIEn b 1K/ E IR BB 2 R kk . Ak B35 1) RFS #L=
FETECR R BE DT H 3
2.3. CT GIER T

W54 BA 5 A6 U BHEE T(ZE AR 1 FIBEAE 2R T ik 8 8 i R ATBE U7 2RI T R, STl
EMIRET CT MER, BHARFAER VSR B, W BUHRHEAE 3 (BF 26 fEEHR G2 AR &
Bribhl, EEBEILR. CTESZ% 2018 MUFIF 24545 5 A EE 2 45(LI-RADS) [5].
2.4. GAHESR

K F SPSS25.0 Al R iEE 4.2.2 HATEIE M. BT KR N EZEER Cox BIAFEMS FEREF, ¥
7 RFA ZHA1 SR AL TR . FIFH ROC #hzk. Wi ih 28 A e 3 il 2R (DCA) PR B R4 e . R A6 i)
43 UCHC(PSM) -1 P 4 FE LR, FHlid “ VAT B4 A8 YIRAIE " J kB0 IE R Y () 3

3. &8
3.1. B TEEFRTEIE

KA T AT LA 3R S 2 R Cox BT, 4557 LDH. B KR A s fl e Bl 0 B K
JALE & RFA BB TS R F-(32 1) 4508 ALT. CA199 KRz B 2 SR A RS TS B (3% 2).

3.2. FAMREME RE R R AT

MHE 2 K& Cox BIH M H, MM RFS FIEAL . RFA B 2 45 RFS #illl AUC 24 0.86
(K 1(a)), SR AHMRIFM 2 4E RFS [ AUC A 0.79 (14 2(a)). 1R5E Hh 2R R IR HA — @ ln R
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(& 1(b), 1 2(b)). EeHERIZR R R TR 5 SEPrl s E BA RIFH — 2t . DCA MK, %A 7E
BBy B AN A B 15 5 77 T B — 2 IR IRTE S E (K] 1(0), Bl 2(c)). PZHETY Kaplan-Meier 4347
o) o v KU SR XU 41 RES 2 5 B B3 (P <0.0001) (AL 1(d), Kl 2(d)). £ 1000 R EHFE S
i, RFA AR — S FRH(C-index) N 0.806 (95% CI: 0.75~0.86; 4] 1(e)); SR BEALK) C %N 0.691 (95%
CL: 0.61~0.76; ¥ 2(e)). PRAIMEAY 2 4 RFS MEZR T ZI Z6 1 LI 3, &4 4.

Table 1. Multivariate Cox regression analysis of model-related predictive fac-
tors in the RFA group

5% 1. RFA {HERBXFNEFHZE R Cox EASH

EZSES
Ap
P HR (95%CT)
S - -
TBIL . .
ALT . .
LDH 0.023" 1.35 (1.10~1.65)
CA199
AST - -
Bk BATE A R 0.031* 9.18 (1.22~69.21)
1 ABUTFEE (>3 mm) 0.025* 3.07 (1.15~8.23)
(s Eﬁgﬁlféﬁ; SE im ) 0.002" 4.07 (1.65~10.02)

"P <0.05,

Table 2. Multivariate Cox regression analysis of model-related predictive fac-
tors in the SR group

7= 2. SR AARBEEXFNEFHZE R Cox EYASHH

EASES
A
P HR (95%CI)

R 0.034" 0.97 (0.95~0.99)

ALT <0.001" 1.10 (1.05~1.15)

CA199 <0.001" 1.45 (1.20~1.75)

Jieyge 12 S 15 .
(R RTBE B AF AL S mm BLIA) 0.014 0.49 (0.28~0.87)

*P<0.05,
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Figure 1. Evaluation of the RFA model: (a) ROC curve; (b) Decision curve; (c) Calibration curve; (d) Kaplan-Meier curve for risk
stratification; (e) Bootstrap resampling distribution of C-index
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Figure 2. Evaluation of the model in the SR group: (a) ROC curve; (b) Decision curve; (c) Calibration curve; (d) Kaplan-Meier curve
for risk stratification; (e) Bootstrap resampling distribution of C-index

2. SR 4HHEBIANITAE : (a) ROC HhZk; (b) REERNLZE; (o) BOERALZE; (d) KUBE 4 ERY Kaplan-Meier B1%%; (e) C #5231 Bootstrap
EiHES
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Figure 3. Model nomogram of the RFA group
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Figure 4. Model nomogram of the SR group

4. SR {AR BTG [E|

33. RETENERHEEEHR

RFA & SR #% Cox BIAIFRIELL [FVT RELILF 3, £ 4. PRI AL A AR bk B 3 R 0 3 AR & 2 (1)
T EAEHOLE S, Bl 6).

DOI: 10.12677/acm.2025.1572177 1715 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1572177

HEwp i 45

Table 3. Standardized regression coefficients of Cox model in RFA group

3% 3. RFA 4A#E8! Cox AR EARE

A JRa6 F TRl F 3 AHXS B (%)
SRR R aRAk0 = BATE, 1= BHE) 2.163 0.918 33.3
Jitdgd 0 B 250 = <5 mm, 1=>5 mm) 1.519 0.752 27.3
LDH 7KF(U/L) 0.013 0.612 222
MAEABEFEREO = FEEEME >3 mm, 1=<3mm) 0.951 0.476 17.3
e bR RO AR B x SD_x (Cox AL FIJ575).
Table 4. Standardized regression coefficients of Cox model in SR group
= 4. SR 4A1EA! Cox AR EIARE
A CUGE /e FREAL R L HHXT (%)
CA199 /K F(U/mL) 0.003 0.398 34.3
ALT 7KF(U/L) 0.005 0.339 29.2
FRE (D) -0.031 -0.333 28.6
JiRE 14 SR B0 = <5 mm, 1=>5 mm) 0.217 0.091 7.9

e bR REOT A B x SD_x (Cox #E8HL HIJ71%).

RFAIATT EEFRIRICOXIEBIZT HIEA S
EFLDH, APHE, MENBFHMENS

FBEM - p=2005
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He
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HR > 1: RSIEANZRL
HR < 1: {F4P3 8L

Figure 5. Forest plot of subgroup analysis for RFA group
5. RFA ¢AIF 48 53 Hr AR 4K &

0.1

0.51.02.0 5.010.0
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Figure 6. Forest plot of subgroup analysis for SR group
[ 6. SR A LA S AT ARAKE]

3.4. =TS LEC(PSM)

BTG AREE MG SR, ITEAEM R NSASAE: SRk MRl G770 il s, BEAER
s FFREAIRAS . MORSAAR AR R MR B . BhlkUR A sai . B A6 B . FFDhae & Mg e 1
Fr: ALT. LDH. CA199. JiE:22IRAS: HBsAg /KF. VCHC KA A 4BUCHCYE, LA 1:1 [ be gl o ml it
17. W%, RFA 201 SR A& 57 L EF, HNEFR . ol KREBIRR E LR R E
Z5(P>0.05) (W 5).

Table 5. Baseline characteristics of the two groups of patients after propensity score matching

5. fEiEsy ILEC S AR B A B S FHE

A RFA (n=57) SR (n=57) P SMD
R 58 (49, 65) 55 (46, 65) 0.618 -0.076
5 0.768
5 51 (89.47) 50 (87.72) -0.053
'S 6 (10.53) 7(12.28) 0.053
PP 5 0.528
& 40 (70.18) 43 (75.44) 0.122
H 17 (29.82) 14 (24.56) —-0.122
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IR 0.255
c 27 (47.37) 21 (36.84) -0.218
H 30 (52.63) 36 (63.16) 0.218
ALT 28 (23, 38) 34 (27, 46) 0.061 0.115
LDH 176 (152, 195) 177 (159, 214) 0.423 0.181
CA199 9.50 (4.60, 17.20) 12.20 (7.80, 17.90) 0.125 -0.318
HBsAg 392.18 (280.52, 577.59) 409.63 (114.65, 561.55) 0.429 -0.158
Bk 9 JE A 0.687
R 14 19 (33.33) 17 (29.82) -0.077
B 4 38 (66.67) 40 (70.18) 0.077
I3 AR FE RS 0.851
>3 mm 32 (56.14) 31 (54.39) —0.035
<3 mm 25 (43.86) 26 (45.61) 0.035
JiRg i SR S 0.427
<5 mm 36 (63.16) 40 (70.18) 0.153
>5 mm 21 (36.84) 17 (29.82) —-0.153
RFA-reLR RFA-reHR s
. 16 13
RFA-oriLR (55.2%) (44.8%) o
a b ..
RFA-oriHR (531.2%) ,;}‘“f «\f"bé
SR-reLR SR-reHR 08
17 o7
SR-oriLR
(58.6%) 08 ?
c 1 d .
SR-oriHR :
(39.3%) -

**P<0.001, P <0.0001,

Figure 7. Comparison of the original stratification and re-stratification of the two

groups of patients after PSM using the two sets of models respectively

7. MARBSHNEAT PSM ERARENRDESH I EXLE
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3.5. X NXEHE

Wi “IRyT B WERAE” , JR RFA SR 46.4% 1 B4 (K 7(a), AEZ50)7E SR AL
B EH A RS, TR SR = U2 TR 60.7%0 38 (K 7(c), L0B2R50)E RFA R b gl 5587 00 52 N
A . 7ELL EW AN TEZHH, RFA FAEAL S SR FAS A1 5045 HE (1 2 4F RFS MRS TG 2 RAF/E S
TR (P <0.001).
4. WHig

AT T HE T LI-RADS 73K 24 CT E RS IR ARFHE R 1 BCLC 431 0-A 3 0-A JH 2
AU 2 A P40 RFA R SR TS A6 28Y, 1ZA AN AN R A3 RO iR &2k A 347 43 )2, 1 HL el @i

“YRIT HA A I il 1R TT REIRTT IR B S H AR . AR TE R B 46.4%1) RFA = KUK

F160.7%I17 SR AU B # 1T e A AE ELIR YT 77 R 3k A

PR TG, & AR RN REREEL TR, RETAESBMSLMIEHYER . /£ RFA £
. Bk A9 B 38 1L (Arterial Peritumoral Enhancement, APHE) s BRI AE W) 7 [l & 1R JE (Mlicrovascular
invasion, MVI) X1, FEHE AL [6]. MUEARIT(<3 mm): RIS B L0 PR ), 5200
AR 7] PR (S mm): SRR AL S PR, IR S . LDH Fhm: AR R A4 25 (o
P f TG RS 5) [8]. 7E SR BRI )@ Ry e 3=, SR 12 28 B SZ MEAH O . ALT Fhm R s 3=
R (A 5), MR G KT . CA199 T RER MR AR 2= (e RE TR )  TOUN AR 5 43 3l S IRE PR PE AR 5
fiEn A B LA A R EOX =AM L 4R B Tk T R R RS, HAERNLR EAES . AR
faifb TSRS, JERAR T TR AL, A Bh TR S BCLC 0-A ] HBV-HCC &35 1 MAIA T

BCLC 433 0-A ¥ 2. B AT 28 Al 0 AT 4 M 57 & LDH {8 1E % HLICsh Bk stk . BRIMLEHES >3
mm SR EE AL > S mm. ALT s B3 S HEFE RFA E NIRRT F B FEAHEA: (1) MRAEY
S KBRS bREY): LDH {1E % (HR = 1.35, P =0.023). APHE F1:(HR = 9.18, P = 0.031), f2nfCiE
PR BB AC R /N . RFA SSAEAESR J A3 7n MV 2K HCC RORZHR,  RIHE LR HEE
6 FEAE KG9 AT T IR AN AR b —— X S ki FAG 2 M ANE . St e A 5 (0.5~1 em)s H
FEMAE T2 “RPTUERL” 520 . LDH e iR oCTERG, FoACP I R B iR AR E ERTEg 2, m] eI
HEEE SRR - BTN BRI MV, 1T APHE J2& 5445 2% b s it e eg J7 B ol i 5352 i s b g
IR 2B 1 AR K B GBI . APHE FH A8 3 B2 7 IR i A AE 3R BR IR AR A 2R A, MV R AE S 36
[6]. (2) fRHINLE 224 ABEIMEEE >3 mmHR=3.07, P=0.025), FEEATEE >5mm (HR =4.07,
P=0.002), A BB RN 5 AR A B P A o ST R B A B2 RFA Y67 R I SR B R R
iR AR LA, IR BN LR 2 Ry e T B IX S Fv R, 5 B0 S0 5 DL IR B 280K I e 48
IR . ST, PRFESK B s R 7 RFA J677 TPl BE I L S 40inge . SEF L.
FIE R B 8 55 ™ B O, TR V)RR T il I B e T BB 2 U, (ETR R A B . (3) )
REAREEZIR: ALT Fhmi i, RFA BRI TR0 RS T DhRE RARBE(ALT 2y SR 47 fafi K %, HR
=1.10, P<0.001). ALT #2& S It T4 o 453475 ) 2 2 0 35 248 b, HL/KSP T sl o 3 AT 4T 28 RE BIRAE
TENGPE SR 98 AH O P40 e JR 5 b, ALT s B33 S W T 40 0 FEE S B VR RREAR o ORE ALT 7KSF 57 R4
A LR FA R B RV, OLAERT DR R OIPE . RGNS IR A RS, UHAE
<3 cm M kLT RS FARYIBRAR 248 XU FEAR[9]-

BCLC 431 0-A # Z U BT & HFEm e 75 & APHE BT, CA199 L THE . Wi#d(>75 %)& HdF SR
YERRERIAIT 7. EERIEA : (1) APHE BHTE: APHE AR MVI &AL RS &, 1w sa o8 5
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AT 4

RACIME, B “MERse” LG, #—PInEEHRRGTRERN[10]. MRIAVETFARYIBRIE IS B4R B a5 iR
FURIE FEFE(>1 om) J FEFHZR AR AR, B8 7T Rl 298 S HL R BRI AE 1) MIVT X3R4 — IR R, 2
5 PR DR I 97 9 4 5% B S B S B R R . (2) CA199 {E FHi(HR = 1.45, P < 0.001). CA199 s&—
TR AR S, HACET SRS 5 HCC MR 2k, AR U R RIS A E 1], T ARG AEEMR
HhF B SRR B RS RS L, T REFA S 5330993 Jek P A2 BE DR 6 ] 6 T2 6 A W ok LA 1o e o i 11 P 8
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WBRAERRI R R, X5 Xu FAEXER 524 HCC B3 Filfax LL ik 7t 45 R — 8 12]. (HIRIR
EhR SR AN TR ELE A VAL, WA B I EE . IRRFIECR /N A7) S BRI
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