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WE: S5 WA RRERIT R B AR — 2 R EIRIT T, Wk REZ AT 55 A Wrbr 54 F 7 R80T 22 33
WAES S ANTE, BAY BTH R R4 LR 1% (magnetic resonance imaging, MRI) 55 41 A 45 AE HEA T 7 R (14 T 4744
FE A 2019 45 1 A—2023 45 1 A TE il 75 6 B2 B AT R B A MB) BE 430 12 32 W0 1] S 38 367 I T 40 R e 191 9, LA
7:3 W HBIBENL AR ISR . BT A B AEIRYT B RIBEIZ 34252 T 281858 MR A #s, 4% RECIST 1.1 FRifETT
fEFFAK, IR BB ULLE# (objective response, OR) M AIAIT A L TEIAYT AT B ShA ISR MRI EHR L /2) s i X S 4 B AR
LH AR, B/ NS XU e (least absolute shrinkage and selection operator, LASSO) B iLiika = L2158 42
FHIE . SR ZAHLER 2] Rk, AR A | K- 4l AR Dt N TR 4 | SCREm AL PR XGBoost, Bl
TR DR EFAR 2 2F T OR RYAERY, i FH 3233 TAE4FAE (receiver operator characteristic, ROC) [ £k FIVR 18 55 I P EA 2%
RIS e, {3 Cox [BIJA M Kaplan-Meier B2 A5 0 W1 TOONANME . £55R  JLIsE 191 B, H BikERE 163 6
(85.3%), Ltk 28 ] (14.7%), FALAEIRE N 55T [l : 24 ~ 74) B, B IR & MR # 4R 30.4%, WAV 24 133 4, k4
58 i, PILLPERIFIAEIS 22 5 TG T4 (P> 0.05), Y ZREE FEIESE B R F 000 30.1% T 31.0%., Tk 51
SR E RPN IR T 8 ML 2T AR, Horpr K-r 4R L A3 DU 30 S 4R ) i AL AU 1) AUC HAE 10 H738 LIS TERY Il
ZrAETR AR T 0.826,0.810, 0.801, FERIESE 4335 E] T 0.830, 0.836. 0.825, AFF/ T R Lk 3 MR BG4
B B O AR AE I B R (P<<0.05). £85I FETHLAR A A DR SE MRI 2R 4 A5 R0 REAE 1 0 151 DU JHF- 21 A3 2R
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Radiomics analysis on contrast-enhanced magnetic resonance imaging for predicting treatment
response of targeted-immune systemic therapy in hepatocellular carcinoma

YAO Zhiyuan'***, ZHAO Wenchao*’, ZHANG Gong?>#, LIU Yanzhe'**4, LI Yue*>*¢, XIAO Chaohui®**, XIA Nianxin>>,

LIU Rong>**

! Chinese PLA Medical School, Beijing 100853, China; 2 Faculty of Hepato-Pancreato-Biliary Surgery, the First Medical Center,
Chinese PLA General Hospital, Beijing 100853, China; 3 Institute of Hepatobiliary Surgery of PLA, Beijing 100853, China; * Key
Laboratory of Digital Hepatobiliary Surgery of PLA, Beijing 100853, China; * Department of Hepato-Pancreato-Biliary Surgery, the
Sixth Medical Center, Chinese PLA General Hospital, Beijing 100048, China; ¢ Medical School of Nankai University, Tianjin
300071, China

Corresponding author: LIU Rong. Email: Liurong301@126.com

Abstract: Background Targeted-immune systemic therapy (TIST) is currently the first-line systemic treatment for
hepatocellular carcinoma (HCC). However, there is a lack of reliable biomarkers for predicting efficacy and identifying potential
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beneficiaries. Objective To explore the feasibility of using Magnetic Resonance Imaging (MRI) radiomic features for response
prediction. Methods This study included 191 HCC patients who received targeted immunotherapy at the Department of
Hepatobiliary and Pancreatic Surgery, Chinese PLA General Hospital, from January 2019 to January 2023. The patients were
randomly divided into training cohort and validation cohort at a 7:3 ratio. All patients underwent dynamic contrast-enhanced MRI
before treatment and during follow-up. Treatment efficacy was assessed according to RECIST1.1 criteria, with complete or partial
response considered effective. Tumor regions were delineated on pre-treatment dynamic contrast-enhanced MRI images, and
radiomic features were extracted. Meaningful radiomic features were selected using the Least Absolute Shrinkage and Selection
Operator (LASSO) algorithm. Various machine learning algorithms, including logistic regression, k-nearest neighbor (KNN), naive
Bayes, neural network, support vector machine (SVM), decision tree, XGBoost, and random forest were used to construct radiomic
prediction models. The performance of each model was evaluated using receiver operating characteristic (ROC) curves and
confusion matrices. The prognostic predictive value of the models was analyzed using Cox regression and Kaplan-Meier curves.
Results Medical data of 191 patients were collected, including 163 male patients (85.3%) and 28 female patients (14.7%), with a
median age of 55 (range: 24-74) years. The overall objective response rate was 30.4%. There were 133 cases in the training set and
58 cases in the validation set, with no statistically significant differences in gender and age between the two groups (P > 0.05), the
objective response rates in training cohort and validation cohort were 30.1% and 31.0%, respectively. Eight ML models were
successfully constructed based on the selected radiomic features. In the training cohort with 10-fold cross-validation, the AUC
values for the KNN, naive Bayes, and SVM models were 0.826, 0.810, and 0.801, respectively. In the validation cohort, the AUC
values were 0.830, 0.836, and 0.825, respectively. Survival analysis showed that the progression-free survival of patients predicted
to have effective treatment by the above three models was significantly prolonged (P < 0.05). Conclusion Radiomic models based
on machine learning algorithms and contrast-enhanced MRI can accurately predict the efficacy of TIST in HCC patients,
demonstrating potential utility in assisting clinical decision-making.

Keywords: hepatocellular carcinoma; immunotherapy; radiomics; predictive model
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AR 6 A U LU 3 do R ese s | D RTiA
UL RAPET AR HOC A A AIORA 11 HRNE

T-B, i 60% 1Y B TERLZ I E AL T 1Y
I, XA R R AT REHLE, Ak,
B E K6 AT 5 0 ] 57 (immune checkpoint inhibitors,
ICIs) A3 K i X HCC SR ) s Bl = A= T &
BLRORZ A, DA S R D A 57 (tyrosine kinase
inhibitors, TKIs) A TCIs S0 AYHE 1 B A s
A JT (targeted-immune systemic therapy, TIST) J7
FWERE T RENEAR S ME R RS, 2
TIST 7= A= J7 R A AL w5 AS BB, () s 26 11 R
FH A e = BT ) AR W bR A 0ok R TIST 1Y T 7E
g NFE . BEAE I 10 R A 58 i 3B TIST A9 %0
RN 11% ~ 30%0°), AR, ARHEHRE
(radiomic signature, RS) FFHICHF5E A2 B )32 K
0, BT ZROR g, i . B R
P ik REEIRE AT IS 00 e =7 SO PEAS U790 ARl |
TE N FH 3 T 16 558 17 3L 4R 1% (magnetic resonance
imaging, MRI) 528 4 F R, T LR 242
A1 O 30 o R i) R 5 SR B2 3R T HCC WYYy B LAY
T AN B S AR 2 AL Wb B, 45 A IR IR 52
FRX; RS A= 92 5 SC RS AE W I PR o7 FH A L ik

rihie.

W 2019 4 1 H—2023 4 1 H EMFZE M EE
BEFARBRAMRL R~ 4532 TIST B HCC B4 .

PIAPRE: (1) HCC A2 W 4l 2 il 45 a5
A BB, SR A HCC B I PR 2 W i 1
(2) 242 2 AR 0 R TK s B4 05 P e
A K 73214 (vascular endothelial growth factor
receptor, VEGFR) HUiKEK A ICIs iY77 5 (3) AIT T

AT 2 JE A ATHY 9 MRI G4

HEBRFRIUE: (1) S TP ROH N IR YT 5 52
BFRE: () B2 AR S AT I R I 2 T
JRERIARTT . WMEBPKAIT R TEAR | S bk HE A
7 PN BOR B0 AR s B AR BURME A
AR, B HCC MY 5 & Kt AR B S A g B o PA
FrifE (Response Evaluation Criteria in Solid Tumors,
RECIST) 1.1 Jlr A A n] Pkt

ARWETEEAE TR I =, IS R
& Be B2 AR 2 B2t HE (5 S2016-098-02).
1.2 BRI ARG

TIST & SCHHEIAAYY (BT VEGFR iAok TKIs)
5 ICIs ERERYr 7 5 . oA ICTs A ffHt PD-L1
U (B[ 2R B b)) A4 PD-1 P (A 1) Bk
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<N =B 20 1 6 7 A S B S N = =7 B B S
BBV B A BT, B IR YT 2 WA DR
T, SRR . PR e M EZ g FEE . TIST 1Y
IT RO TR IR )T e 240 4 BT E AT . A s
RECIST 1.1 #5ifE, S7ROFMN IR 4 DFEHR—7E
5@ (complete response, CR). #F/7Z%f# (partial
response, PR). ¥ Jkfa i€ (stable disease, SD) Fll
PR IE R (progressive disease, PD), A58+
BLIT RV 48 A5 A 2 L% f# (objective response,
OR), {ffiA%| CR Fl PR &
1.3 E&RIKE

AW T 17 28 42253 A 1) MR EHE R
1.5 T B¢ 3.0 T 9 MRI 4= #1308 i L3k 52 77 3h 254
SR L E AR SRS . A LU PSR T
SIAT e (1) G BT T2 AU % (T2 weighted
imaging, T2WI); (2) B HOMALSE % (diffusion
weighted imaging, DWI), B=800 m/s*; (3) i
T1 [F R A8 s (4) FlA S8 3858 T1 AnAUE
(T1 weighted imaging, T1WI) BYshBKIAFN TEHKIA
1.4  BEgRTLEK S E

MRI 468 3o LT 1 4k B B8 52 BbR AL
(1) WA FireVoxel ¥4 (WiiAs 415, https:/firevoxel.
org) i1t N3 FvEX EUGNA S Mtk A T A sl e Y,
(2) 3 B 2= hR e AR 2K B 5 —4k o 256 JKEE
% (3) WEE—IC I B A5 0 o i ERAE A R
e BG T Br A R T B BIDLRC U5 (4) Jih
EIGr s/ MEARFRHHR 1 mm x 1 mm x 1 mm,
BG4 10 4F DL E R B A 2856 04 JHH
HRFEE T SE A, 1% A 3D Slicer # 14 (A 5.0.3,
https://www.slicer.org) 43 76 B4 ¥ 51 b X%
[X (region of interest, ROI) it 1 cm 8] f7F% )2 F
BA S5 F B2 A AN 2k 1 =22 1 g 4
IR, Hid ROIE X HCC i 1 85 Akt
XF245 HCC B3, FXT R ikt 735 .
15 RBEFFFIERE

18 7 Python % {4 %) Pyradiomics £ M 54> ¥
i) ROL H S H RS, 41> ROI FR45 4K 851 4>
RS, BHE T 7AERIRE . IEAFFE, —F
GITHRIE, JKJE A5 % (gray level co-occurrence
matrix, GLCM) $¢1iE, BB K /N X385 [ (gray
level size zone matrix, GLSZM) $#1E, K B jiF 2
K & J % (gray level run length matrix, GLRLM)
SFAE, R AR K 2% 4 % (neighboring gray tone
difference matrix, NGTDM) 43¢ 11E F1JK & 44 56 75 [
(gray level dependence matrix, GLDM) %#1ik,

1.6 RRAFHIEFEREE

FEHATRAETRERT, A RS #2804 T Z-score
b dEAL o WLEL (8] /Y 41 9 A G &R 2R (interclass
correlation, ICC)<<0.8 DA} &y 22 W & 2745
AR, fJE, 10 P18 LETE R LASSO
[ U1 50 FH T ) S 0 00 A B ) e AR R AR A o
AT HCC & TIST J7 85 i — 30 43 2 2% 1 Bl
#%2¢>) (machine learning, ML) & 5, 1152 H
M9 . K& IT4F (K-nearest neighbor, KNN), £p
R UL R4 (neural network, NN). Bfifl
PR (random forest, RF), PLIRHT . SZHF 1 &=L
(support vector machine, SVM) F1 XGBoost,
1.7 EEFNNEE RSN ES T

1E 5 uE 42 ol i 22 U TAERR1E (receiver
operating characteristic, ROC) Hif £& PFA 45 ML 7% 2
SPAEAUNS HCC K835 I8 1) S5 7 280 Tl g v 12k
BEAh, B BE DT BT R T 1 AR A A PG
Br, ARG E BRI SR DL . SR A A
T A 15 A B I PR S 2 17 o da 7 B AR it Je 22708 o
[ Cox KRS LI5S | B IES 7 RS 43 2 5 TS
HKHR
1.8  FitESH

ARG P4 R 4.2.2 BAF5E R
THECT B AR (A 43 E) Ron, SR 2 K 50 ok
Fisher KGfk S0 647 A THEGORHMRE /34 15 L
VL x+s3% MUIOR) 2675, 40 ¢ K56 5% Wilcoxon
o 90 HEAT LB o S AR 2 2 A5 B Y T AK AE 8 A
18 ROC £ F 1f #X (area under curve, AUC),
DL BOR 4l TR W O B T A 0 A R L B | R
SeME . B, P BUN(E (negative predictive
value, NPV)., BHPEFGN{E (positive predictive value,
PPV) Fl F1 434 47 PFAf . 38 3 Kaplan-Meier J7
£ 1Y Log-rank 5 56 FI Cox [0] 9 X} JC 1 i A= 17 1)
(progression free survival, PFS) #17H# .

2 H#R

2.1 BEEZEMT

AIFRILPAT 191 i3, PAAER R 55
(JEFl: 24 ~74) %, Bk 853%, 80.1% BA L
BIF%, 73.3% A AL . 58 i (30.4%) K ILI]
HRK T8 1 o SCAFAE T T #R KRR K2 (portal vein
tumor thrombus, PVTT), 27 i (14.1%) & ik &
T T EF KT AR . Mg R AR
(94.49 + 45.04) mm, 84 4] (44.0%) A 3 UL L
Z 3P HCC, DL 7 2 3 B9 He 6 Bl AL 49 e 5 1 k4
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F 1 IZGEMEIEE D HCC BE AN OFFE R IGKRIFIELL 3
Tab.1 Comparison of demographics and clinical features of HCC patients between training and validation cohort
Eiztan R (n=133) BUESE (n=58) Ux*IZ{H PlA
RIS/, X £ 5) 53.98 £ 10.82 5471+ 11.65 0.419 0.676
PERICH )15, %) 113(85.0) 50(86.2) <0.001 0.999
BMI/(X + §) 24.50 +3.04 24.52+3.35 0.032 0.975
2/, %)
IR 108(81.2) 45(717.6) 0.143 0.705
NI R 6(4.5) 5(8.6) 0.614 0.433
R 48(36.1) 18(31.0) 0.260 0.610
JiiRsiie 97(72.9) 43(74.1) <0.001 1.000
BCLCH#1/(1, %) 5.098 0.078
A 33(24.8) 8(13.8)
B 40(30.1) 14(24.1)
ci 60(45.1) 36(62.1)
AICCHT/(1Y, %) 7.533 0.184
IB 29(21.8) 8(13.8)
1 15(11.3) 8(13.8)
MA 26(19.5) 6(10.3)
B 34(25.6) 21(36.2)
VA 11(8.3) 9(15.5)
VB 18(13.5) 6(10.3)
T/, %) 3.792 0.285
1b 33(24.8) 9(15.5)
2 19(14.3) 8(13.8)
3 35(26.3) 13(22.4)
4 46(34.6) 28(48.3)
N/, %) 16(12.0) 11(19.0) 1.080 0.299
MU/, %) 18(13.5) 6(10.3) 0.140 0.708
52 RNERT A HfAE/ (151, %) 5(3.8) 4(6.9) 0.324 0.569
k> 3/, %) 61(45.9) 23(39.7) 0.405 0.524
iR A/ Nmm, X+ S) 93.59 +45.73 96.55+43.72 0.416 0.678
>50 ~ 100 mm/(4l, %) 114(85.7) 49(84.5) <0.001 1.000
>100 mm/(f4i], %) 51(38.3) 24(41.4) 0.055 0.815
Vp3/41 TR, %) 36(27.1) 22(37.9) 1.770 0.183
TR ER K- kR (B, %) 19(14.3) 8(13.8) <0.001 1.000
AFP/[ng/mL, M(IQR)] 413.90(20.91 ~ 5204.00) 360.20(24.95 ~ 8319.00) -0.637 0.524
>20 ~ 400 ng/mL/(f, %) 100(75.2) 42(72.4) 0.050 0.823
> 400 ng/mL/(f41], %) 68(51.1) 27(46.6) 0.180 0.671
CEA/[ug/L, M(IOR)] 2.21(1.52 ~ 3.52) 2.46(1.73 ~3.47) -0.916 0.360
>5 ug/L/fl, %) 12(9.0) 4(6.9) 0.041 0.839
CA19-9/[U/mL, M(IQR)] 19.96(10.46 ~ 47.77) 31.55(16.82 ~ 43.01) -1.284 0.199
>37 U/mL/(f, %) 46(34.6) 18(31.0) 0.097 0.755
G R SR (1], %) 15.262 0.009
HiPD-1$ik
fF A by 104(78.2) 42(72.4)
REAEE BT 0(0) 4(6.9)
B AR P 3(2.3) 0(0)
T L L BT 10(7.5) 1(1.7)
AR 2R e 10(7.5) 5(8.6)
HiPD-L1Hiik
B B Bt 6(4.5) 6(10.3)
) 2454 4.109 0.391
R 112(84.2) 45(77.6)
[V SE = 13(9.8) 8(13.8)
DUARER it 3(2.3) 4(6.9)
VURERHT + S e 3(2.3) 1(1.7)
EZ. I 2(1.5) 0(0)
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(n=133) FIHHIELE (n=58), MHAIEAGRIEFAT (5 1), 1.0
22 EBEEEREIRTTROTEM
AR BEEEZITRATE T 2 02 T 24 0.8
Ji B TIST, 5282 BV F- X0 E] 2 (10.07 + 8.24)
Ao 4R RECIST 1.1 AR #EVTH 58 4] (30.4%) 0.6
k%] PR, 110 f] (57.6%) il FaE (stable disease, -
SD), 23 4] (12.0%) i 3% 15 i i€ (progressive dis- & 0.4l ’ff%%éﬁfifgﬁf&
ease, PD), %A HEILT CR, BIRE WL iR % FNZE DU (AUC=0.836)
(objective response rate, ORR) & 30.4%, ¥ 5 0.2 :é{%gm{?ﬁﬁ&g} oo
il % (disease control rate, DCR) & 88.0%, - fﬁiﬂfﬂ(ﬁggxm
2.3 RENEITNST R A AT = BEBLARARAUC=0714)
AHFFEIEARIL T 4 199 MU IRALFAAE, (245 L I JeoE 0
M T2WIL, DWL, T1 S e Sl B i ] K B2 ML BRI ROC 4

15 AR B 837 A — B 45 AiE Ao BRARAE
DL AE S BRI 14 AR AERAE . il i RRAE
i 356 A1 LASSO [EHR B T 20 4~ 597 8800 S 458
SRR AR, Hoh 9 NER R fift \RE T
VA, AN 11 A UERBUA T (E 1),
2.4 (RBEISTREITEMY

BT BRI S T 8 T ML
R BAR A AEAL, HF I HCC B #2324
BIRIT B IR SO0 76 10 738 XURHIEAY I 2k
i, KNN, FNE DA SVM RS R R4S
FIRLRE, Horb KNN BRI AUC, HERfR 5>
ok 0.826. 0.759; AN DUt Hiri Ay () 5715 AUC .
HERR R 20 9k 0.810, 0.745; SVM AU [ 5 £
AUC. {ERIFRS 914 0.801, 0.797, %45 RAEKAIE
FEH—E, KNN, AAZE DA SVM 7E 55 E A
) AUC 43591 0.830. 0.836 F1 0.825(1€ 2), R
FAHIM 0.724, 0.741 1 0.845, ML R85 )1 25

Fig.2 ROC curves of machine learning radiomic models
in validation cohort

%%DBQEE%EPi’ﬁ%ﬂlﬂﬂs‘?%ﬂ’]ﬁ%ﬁ%ﬂffﬂ‘fﬁﬁiﬂ'l

(B, 7T SR R T AR, R A SRR R
ML 521G 40 2F AR T 5 o FH T HERR xﬁlﬂmﬁf“m

ﬁ AU HCC B3 (£ 2).

25 HE7TESW

Z R 2 (115 43 #7 $2 78 % 0 2% fif 2 #5232 TIST
) HCC 35 Jo itk Jee A= A7 3 ) — Al S7. 1 s I R

(HR=0.334, 95% CI: 0.200 ~ 0.557, P<<0.001),
[ A, HRAE ML 52 A% A = A7 T (1) 75 W 2% i 1
SUFIFERBLH T 5 PFS RAFAIAHICHE, KNN A
(HR=0.404, 95% CI: 0.184~0.880, P=0.020). k&
DUMHAER (HR=0.462, 95% CI: 0.231~0.944, P=
0.036) Fil SVM £ (HR=0.622, 95% CI: 0.287 ~
0.983, P=0.039) Tl TIST IG 97 A %% Y 8 # PFS
K (] 3),

il Gl S FHIESP K AR FRAE KUK H(95% €D
T2INAL /NS HHL  GLSZMA: VRS 1.686 (1.147 ~2.479)
TOIAL NP HHL  GLSZMAIR: TR IX ik ) . 0.612 (0.443 ~ 0.847)
TR N L GLSZMARE | iy b 1 3k . 1.465 (1.061 ~2.023)
T2MAL /NS HLH . b - 2161 (1.055 ~ 4.429)
T2HAC /PR HLH E{i,*g: Sy (R — 0.463 (0.226 ~ 0.948)
TR /NDEAR R LHH Aﬁjk:gm T -—. 1.645 (1.090 ~ 2.483)
T2 NPEBLHE g Pt} o 0.506 (0.283 ~ 0.905)
SRROMAL  JRIAIER B (0B AL Er . 1.483 (1.080 ~ 2.038)
PRHOIAL IR IR ES: N s 635 — . 0.544 (0.256 ~ 1.156)
PRECIAL /N AR HHH - GLDMAFE 20 MR AT ——.— 1.501 (1.044 ~2.157)
PRHCIAL /N4 HHH ARV fF 5 18] . 0.666 (0.464 ~ 0.958)
PR J I HHL  GLDMZFE EAINR ——. 1.604 (1.103 ~ 2.334)
YRR s LLL P kg 2 —.— 0.700 (0.507 ~ 0.965)
PRI /NI A LLL (CLL\DLN\II%IT{‘; R AR 57 09— 4k . 1.461 (1.052 ~ 2.028)
SARDE - /NpZE e HLH o L\Mm‘% e R X Sk ) [E— 0.691 (0.499 ~ 0.958)
Bk JFR RS ) : IRk — . 0.701 (0.509 ~ 0.966)
Elliett] JE AR P : BRI - 0.698 (0.512 ~ 0.953)
Sk NI LHL gy %m W - 1.838 (1.171 ~ 2.884)
I Ik J YA LU GLSZMA 4 IR X Il — 0.740 (0.526 ~ 1.041)
[N NS LLL GLDMAH S RIS [ 0.719 (0.518 ~ 0.998)
00 05 10 15 20 25 30

1 LASSO [EJ3f#;

FBAFFHLT TIST 7388 K IE 2R E

Fig.1 Forest plot showing the correlation between radiomic features selected by LASSO regression and treatment response
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R 2 ML REE 10 3 XEIEA I ZREFARIE R
T e
Tab.2 Predictive performance of machine learning
models in 10 folds cross-validated training
cohort and validation cohort

FIPER FHET

BAEI5E AUC ML BUBIE ARSI

mE
YA 0YTZE X HGIE)
st A | 0.738 0.804 0.551 0.908 0841 0.717
K-fif 4 0.826 0.759 0.469 0.885 0.804 0.709
ANEIMET 0810 0745 0507 0.849 0.810 0.513
ANTHZEME 0770 0722 0576  0.821  0.813  0.589
REALARAK 0.754 0.738 0353 0921 0.772 0.573
AT 0.629 0.654 0.498 0.747 0.765 0.443
SAFmEHL 0.801 0797 0416 0959  0.798  0.830
XGBoost 0.607 0.669 0356 0802 0.753 0.533
BHIESE
1A 0.789 0.776 0.647 0.829 0.850 0.611
K- 4 0.830 0.724 0471 0.829 0.791 0.533
AAFEDIHET 0836 0741 0706  0.756  0.861  0.545
ATHZMZ 0810 0810 0706 0.854 0.875 0.667
REALARAK 0.714 0.759 0412 0902 0.787 0.636
S L) 0.663 0.690 0.294 0.854 0.745 0.455
SCHFIEEHNL 0.825 0.845  0.647 0927 0.864 0.786
XGBoost 0.630 0711 0273  0.889 0.750  0.500
3 itig

AW IET ZFh ML BB E T MRI R4
W HCC & TIST iR /Uiy, JEmE
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Kaplan-Meier curves demonstrating the PFS of patient with different response status according to KNN model (A),

Naive Bayes model (B) and SVM model (C)
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