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[HE] BS588: BWTWNLEWE (colorectal cancer, CRC) Hilifk #9824 d SRl ( radiofrequency ablation,
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[ Abstract | Background and Purpose: The early prediction of local tumor progression-free survival (LTPFS) after radiofrequency
ablation (RFA) for colorectal cancer (CRC) lung metastases has significant clinical importance. The application of radiomics in
the prediction of tumor prognosis has been explored. This study aimed to construct a radiomics-based nomogram for predicting
LTPFS after RFA in CRC patients with lung metastases. Methods: This study retrospectively analyzed 172 CRC patients with 401
lung metastases admitted to Department of Interventional Radiology, Fudan University Shanghai Cancer Center from August 2016
to January 2019. This study was reviewed by the medical ethics committee of Fudan University Shanghai Cancer Center (ethics
number: 2402291-24). After augmentation of pre-ablation and immediate post-ablation computed tomography (CT) images, the
target metastases and ablation regions were segmented manually to extract the radiomic features. Maximum relevance and minimum
redundancy algorithm (MRMRA) and least absolute shrinkage and selection operator (LASSO) regression models were applied for
feature selection. The clinical model, the radiomics model, and the fusion model were constructed based on the selected radiomic
features and clinical variables screened by the multivariate analysis. The Harrell concordance index (C-index) and area under receiver
operating characteristic (ROC) curves (AUC) were calculated to evaluate the prediction performance. Finally, the corresponding
nomogram of the best model was drawn. Results: Among all the lung metastases, 102 (25.4%) had final recurrence, and 299 (74.6%)
had complete response (CR). The median follow-up time was 21 months (95% CI: 19.466-22.534), and the LTPFS rates at 1, 2, and
3 years after RFA were 76.5% (95% CI: 72.0-80.4), 72.1% (95% CI: 66.6-76.9) and 69.9% (95% CI: 64.0-75.1). In both the training
and test dataset, the fusion model based on the final 12 radiomic features through the LASSO regression and 4 clinical variables
screened by multivariate analysis achieved the highest AUC values for LTPFS, with C-index values of 0.890 (95% CI: 0.854-0.927)
and 0.843 (95% CI: 0.768-0.916), respectively. Conclusion: The fusion model based on radiomic features and clinical variables is
feasible for predicting LTPFS after RFA of CRC patients with lung metastases, whose performance is superior to the single radiomic
and clinical model. At the same time, the nomogram of the fusion model can intuitively predict the prognosis of CRC patients with
lung metastases after RFA, thus assisting clinicians in developing individualized follow-up review plans for patients and adjusting
treatment strategies flexibly.
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[ % s 8 RN B0 T 3 18 7 i Bl A7 2% A o g | 245 5
fir o M A, TR S AR S e i
R 2, By EA T KR CRCEE W HIG
W, WEETECEERM30% . BHTX T
R 1) SR EBIG T E RS FARYIER . 0T M
BIOEIY . AWESE VAIESE, X TR LIR B4 il
el , ARJGSFEAAFRA35% ~T0%. HAEH A
G S VAN [ B = AN [ - € S & e < =8
N A EZFARYIB, WL BT FE flG
F7 I R b R I BA T T AL S
@Al (radiofrequency ablation, RFA ) . fiiH
il R A g RS LS RFAT] LUEK SL56 7%
MY AEFEI I/ DRI it 5 8 15 | S 1) R AR FR O
fE T, RPN B AR A P R
mi, SFRVIEARN, RFAJGYF CikR1S 74

TH Al s A 2 gl DG, IR i R RFA
AJ5 BRI 2k (local tumor progression,
LTP ) B WL, 25 B RE S 1Y Rl e Jo ik
JEAAF] (local tumor progression-free survival,
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B 53 7 20164E8 H—20194F 1 H £ 2 A
R Mg B2 BE /e ARYT RHEZ ITRFARCRC
%R 8 o A SR Ol A 5 A= [ i g =
B AR PR Bl iy Ay (3G . 2402291-
24) , REREEAERE. WA 1) R
SR A UESL A CRC; (2) 5 FR 27K A B R 2
iR, Bkt R A <3 em; (3) f158%
IR A ek [ IH AR SRR 2 iR
( computed tomography, CT ) EUZAA )55 F
1§15 @) HORPESE TR (5) DEAFPIREIE R .
HEBRPRME: (1) $ERAE BRI 2 3 /Gy T, A
THRAEYT . UTAE; (2) BB O ZRFAVRYT ;
(3) Bx T CRC, [F]IF A At 0 firb 8 B it 1
oI o I IRGORE FEATFEAEUS . PEnl . A i
TRAL . WHZHHR LSS5 RE G 0L . RIHE AT RS
ST AR S [ ( carcinoembryonic
antigen, CEA ) FIFEZEH()719-9 ( carbohydrate
antigen 19-9, CA19-9) | . ®AG2A00R B4R
IEEREIEHRAL, JEmEEIEONE. R ( HEKR
T3 mm) KBESEAL (1 emPAN ), THAERET
HH, VI RARP RS AN NE e, ARrh
FR G CTHG A 2R FH I 8 L 200 mA, L
J£120 kVp. R ZE [ #40.684~0.748 mm, JZ/E
H1.051.5 mm, RFAARH LA HIZIE Gk H]
FEEHIT200 mA, EHLE120 kVp, JZEM1.08%
3.0 mm. FRFHVIEEARGL 3. 6. 1210
Mz 564 H B RER IR C TR £ .
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B, HRBRSRET g . ) B S i A A
a5t CBEETE, BRI, FH2%R 2R K R
BRI, B MR, S A B 4 R Ty [ R A
BEZER AL, CTHR N TR NS,
HEATIERL, FERHPC R, BRI A S, W
I RIRAE2 ~ 3. AR B 27 AR AN REL &
BF, 25 T3 ST A R AT FEME I SRR DR 5
FRRREIEIR G MG, ARSI, S AT BB IR IESE
SR, R RN R kE0.5~ 1.0 em. ikt
THALZE SRS, EATER A TSR, DA e e
e e, ARJFEDVZITT 2 CTHEH, WEHN
KRGS, AICAM . SRR AR, SRJE I
BIEG, OHEMEP2~4 ho RIS 12 MTIFRXLA
A, PRI RS A I RO R4

JRERITROEAL . REAAR S AAT I A 5 C T
R e AT ROPAG ,  H 248 Wil PR AS R0 56 1Y
BRIA (4304 SFNLOAF: B b id 12 W 22 56 ) AR
R AR T RO AR ME (modified Response
Evaluation Criteria in Solid Tumors, mRECIST )
XF TR S5 B U752 A BRI 9k C T IRMR 17 1
fif L) s i ((complete response, CR) :
CT R LT AT — IR B, Qi ka5
2500 L ST e gEi, Bk, LTP: 7% #L
BT, ELPIIRCTR A Bon ikt A (1 em
DA ) HBELAE . 255K 0 N H PR SIS P B
gyt WA E HEAZ L IE T R ST RALA)S
4% ( positron emission tomography and computed
tomography, PET/CT ) fi#r, WCRALEFR
AT A, BIPRHESEEUA ( standard uptake
value, SUV) fik, JRZHNLTP, & PFAGTF A2
HEI I, 1A E AR RN (420
ARSI IS B S ) BE LT AL
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Fig. 1 Workflow of the study
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Bkt A 5 BR 20T il X 3k, 244 i 2 Ll
BRIl (435046 50 LOAE i 3 i gd /e AR T 450 )
i FHITK-SNAP# A ( http://www.itksnap.org ) Xif
JELHER X (region of interest, ROI) #1Ti% 24>
H], (R A Rk e ) I kAR AR Y S A . K
(e NN e 2y B (1 S I A 95 D =R B
PR 2R BEIE (A8 204 W5 b A A6 97
2205 ) BAZHE o BEFLIEE3 0151 il 3% 7% e k1Y
CTENR, 24155 LV BRI 37 2] mROI,
JFR A WA CHE R 2L (intraclass correlation
coefficient, ICC ) AT [A] ML H N 1) —
Fta . 10C>0.75h—5hE i
1.4 HGEFFERI, FEfEHER o

A3 ST B R R F A AIRFAAR 53D
TR XA 1 252F AR 412F R AE N7, B
13 BT BIRHE . 394 m b hir B ( Laplacian
of Gaussian, LoG ) 4FfE. 397 VesseldFE. 156

Gaborf-iE . 390 Rl —AEAR I (local binary
pattern, LBP ) $#fiE . 9/ Orientationf#fE . 39
A~Local phasef#fiE . 35S PTARISEEAE . 19544
HEIHEAE [ 1440 KEZILAHEFE (gray level co-
occurrence, GLCM ) | 167 JK B IX 38 R /N
( gray level size zone matrix, GLSZM ) . 164~k
FEiE TR RS ( gray level run length matrix,
GLRLM ) | S54RI 2253 5% ( neighboring
gray-tone difference matrix, NGTDM ) #1144~
IKPEMKHRFE S ( gray level dependence matrix,
GLDM ) | }688/~/NEHHIE

EN T BN PSS NI S
( maximum relevance and minimum redundancy
algorithm, MRMRA ) S AT RRAE 0, P
/N XFHEIEL (least absolute shrinkage and
selection operator, LASSO ) [FIS#R AL — A ik
FHIES
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i, HARSRAP TIPS G RE T, JR-H
BB DEET RAEF R (synthetic minority over-
sampling technique, SMOTE ) 20 S R B Sy
AT AN A XA 7 A 1) i 2 52 0 o

I PRASETRY X6 AT I DR AR S RS AR A RRAE 20
TR COX T, ARIFHLP <0124
AZ BRI T, B0 1 P<0.05 1 57 f
PR 2 R I RS TR

AR5 . FFIMRMRAFILASSOH]
e T RN L EE W RRAIE ) FH e 20 3 )
TR AR A 2B

BAEA . RAERARA PO BZHES
i 326 H A 57 8 5 A28 ML AS SO ] YA 2 i 126
AR SRR A TR S A AR L RS L
REEBH AR I 2RI A A R B R
ek, T EA E AR TR S E 2

WA HHRIBEFH “rms” FAFLL ]
MALRY AR, FUm L, 2F134FALTPFS 3,
1.6 BT EE AL

R T VAR Y A O R RE A B 50K AR
SIS B b AT SR AT L . ] AR A
ARATF Y T o3 £ 22 1 52380 TAERHIE (receiver
operating characteristic, ROC ) Hik, FFi154H
MROCHIZR 4k N f (area under curve,
AUC) F—#MH45%0 ( concordance index,
C-index ) , FTIPAN 2B TN LTPFS Y #E
JE. C-indexiK, BEAYMHER S (0.7~0.8
FORAHEZ, 0.8~0.9F R LF5, 0.9~ 1.0FRA
) o AT HLR 704 (Brier score ) R ITAL il
DIMEA 5 A2 R 22 5. Brier score®fil, &
FFARE 23 3000 P A L
1.7 SiitEhbiE

K HISPSS 26. 08 F FIRIEF (6.2.0) X%

AT Gt ot ES AR EM M (Q1,
Q3) #/n, FJMMan-Whitney UKH; 432578
M (%) Fox, R} SFisherki s ; #)
FiKaplan-MeierikZ: il A 7714 . LASSOIRIIH
S T Python i [f fiscikit-survivaliz H Y . Rif
5 R i Hmisc MlcompareCFH T 158 Al LB 4%
AR C-index . RiE T FE /7 fsurvivalROCH]
T2z il BsF [ AR A5 1 RO C il 28 S 430 Bk [ 44 i 4
AUC, Ak, A5 Trms, SimpleITK .
PyTorch. scikit-learn. numpy. scipy. lifelines
(0.25.10) S5 ATFIAAL . AT A3 151 S WU AS:
5, P<0.05hERAGIHFEL. BE¥EEBL
BUFTAL H4 7 Python 3.64K 14 FiEAT .

2 % R

21 BERFHBTESHENS

AMFFE T 225114 52 REA (1) il Ji 72 95 5] v
T 24T BE AR A 4014 il % B i k9 1 72| CRC
BE . A MR AERFARITE, AL
ALTPRR A 10249 (25.4% ) , CRIYAA
2994 (74.6% ) o X FHiE 2 LR, KA
W 2o T AR AL L R IR4 LAY A B
BLATBE, 32349 kk T4 I 25 0 6 ik 2 0
£, U478 kb FH R Ak 57 v I A o
(E2) .

CRCHTHE#% (B8 B kAR WL 1, P4k
(268, 66.8% ) Wt RIET B, HEH
SEIAFRSAESS B UL, BYELIL (230, 57.4%) .
—2 (191, 47.6% ) [FFLE/NF10 mm, FfH
K5y (333, 83.0% ) HAEAFEVT I BHEL A 1M
B, (RS (243, 60.6% ) . RFA
KRR L PR T L5 AL S AL (377,
94.0% ) , AP AZEIN (108, 26.9% ) F1<
B (101, 25.2% ) WA RAHXT AR, HAER
B P B R A BETI BT 21 (95%
CI: 19.466~22.534) , RFARJGHI1, 2FI34EHY
LTPFS# 53 51°476.5% (95% CI: 72.0~80.4) .
72.1% (95% CI: 66.6~76.9) F169.9% (95% CI:
64.0~75.1 ) , Kaplan-Meierf£& ILIZI3.
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1 225 patients with lung tumors underwent RFA
(2016.8—2019.1)

594 excluded patients

Y

-Not CRC lung metastases

631 CRC patients with lung

metastases

459 excluded patients

-Lung metastases >3 cm (n=27)
-Lack of clinical data (n=274)
-Incomplete CT scans (n=158)

Y

\
172 included CRC patients
with 401 lung metastases

!

Response evaluation

v v

| CR (7=299) | 4:1 | Non-CR (7=102) |

Y Y

| Traning cohort (n=323) | | Test cohort (n=78) |

| |
Y Y Y Y

CR (n=238) Non-CR (7=85) CR (n=61) Non-CR (n=17)

B2 BENARREE

Fig.2 Flow diagram of the enrolment patients

®1 CRCHFH BE KR kHFE

Tab.1 Characteristics of CRC patients with lung metastases

Characteristic Training dataset (N=323) Test dataset (N=78) P value Total (N=401)

Pre-RFA clinical characteristics

Gender n 0.947
Male 185 45 230
Female 138 33 171

Age/year M (Q1, Q3) 57 (50, 65) 61 (52, 66.25) 0.120

Initial tumor location n 0.166
Rectum 224 44 268
Sigmoid-left colon 40 15 55
Transverse-right colon 57 18 75
Caecum 2 1 3

Tumor biomarkers M (Q1, Q3)

CEA/(ng'mL™) 4.39 (2.07, 13.33) 3.96 (2.08, 11.38) 0.628
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F1(4)
Characteristic Training dataset (V=323) Test dataset (N=78) P value Total (N=401)
CA 19-9/(U-mL™) 10.71 (7.58, 19.50) 12.60 (6.83, 23.25) 0.928
Number of recurrence 7 0.351
At 1 year 75 17 92
At 2 years 82 17 99
At 3 years 85 17 102
Follow-time/month M (95% CI) 25(22.49,27.51) 19 (18.43,19.57)
Pre-RFA characteristics of lung metastases
Nodule size/mm n 0.064
<10 156 35 191
10-19 118 31 149
20-30 49 12 61
Location n 0.183
RUL 76 15 91
RML 36 8 44
RLL 63 10 73
LUL 77 18 95
LLL 71 27 98
Distance 1/cm n 0.454
=1 266 67 333
<1 57 11 68
Distance 2/cm n 0.399
=1 124 34 158
<1 199 44 243
Immediate post-RFA characteristics
Immediate pneumothorax » 0.851
Yes 82 19 101
No 241 59 300
Intra-alveolar hemorrhage n 0.778
Yes 86 22 108
No 237 56 293
Electrode chosen for RFA n 0.722
Expandable 303 74 377
Straight 20 4 24

RUL: Right upper lobe; RML: Right middle lobe; RLL: Right lower lobe; LUL: Left upper lobe; LLL: Left lower lobe; Distance 1: The distance
between the lesion and the great vessels or mediastinum; Distance 2: The distance between the lesion and the pleura or diaphragm.
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0 4 8 12 16 20 24 28 32 36
Survival time #/month
All
Atrisk 401 352 300 250 193 130 97 72 51 41
Censored 0 1 24 59 116 176 205 227 248 258
Events 0 48 77 92 92 95 99 102 102 102
B 1.0— —
g —— Training
h - Test
0.8 = o
e —
0.6
041
0.2F
Log-rank test: P=0.43
O'OI 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 36
Survival time #/month
Training
Atrisk 323 285 242 200 159 105 75 55 39 31
Censored 0 120 48 8 140 166 183 199 207
Events 0 37 6 75 75 78 8 8 8 85

Test
At risk 78 67 58 50 34 25 22 17 12 10
Censored 0 0 4 11 27 36 39 44 49 51
Events 0 11 16 17 17 17 17 17 17 17

E3 CRCHi##% 2E&RFARGLTPFSHKaplan-Meier i 2%
Fig. 3 Kaplan-Meier curve of LTPFS after RFA in CRC patients
with lung metastases

A: Kaplan-Meier curve of tumor recurrence after RFA in all patients; B:
Kaplan-Meier curves of tumor recurrence after RFA in patients in the
training and test datasets.

HERZCOXHHA 4R E /R, CEA.
CA19-9. filifL Rt Ar (ATt ) FniE Al
BRI 5T HE (P<0.1, #2) . ZHK
[0 Hr4E  on, CEATHRE [ KUK H (hazard
ratio, HR) =1.052, P=0.001] . CA19-9J}%
(HR=1.047, P=0.019) . fli%kfktiB0r [ £
AR M (HR=3.055, P=0.001) . ZfliF
" (HR=2.236, P=0.012) | FUREIH @R Er
(HR=2.171, P=0.013) 25kt & f s

fa i F 2 (£2) , Kaplan-Meierfli 48 7%,
XA h ST fa I R &R BB R i A R AT 0 )2
(P<0.01, El4) . Kb, Hx4ahs7 s N
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2.2 HBAFHERIE

fE/2) ROy i, 2H 8] A2 N ICC o351 R
0.891 (95% CI: 0.857~0.923) £10.874 (95%
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h T B IR B B LSS DL, ASBIFSE SR
MRMRA J5 AR 81 ZEPE VT2 07 16 1 24052 1R 4
SEERAE, PR FLASSORISRR E— ik, fi%
ZHE T 121 e (K3, BIS) , T
PG AR A
2.3 WSS SiEE EHEFIEE

A S AL 3B R U 1 2 F13 4 Y
LTPFS*%

G RAEA . DL AR &Y (CEARICATL9-
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A
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G20 2R R REAIE 38 3 )5 Rl G F Rl S A

3B Y {1 T 1 BETTAG DL 4R IE 6 . 2K
P o, FE VNSRRI AL b, Rl A B A Y
AUCH =, HA w1 f34E A LTPFS R g 11
Tl RS (P<0.05) , C-index4351°40.890
(95% CI: 0.854~0.927) F10.843 (95% CI:
0.768 ~0.916 ) , ¥J@m FH— 144 =1
A (YIZk4E . P=0.012; Mik4E. P=0.061)
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Tab.2 Univariate and multivariate COX regression analysis of clinical and radiogical features

Univariate analysis

Multivariate analysis

Characteristic
HR (95% CI) P value HR (95% CI) P value
Clinical features
Gender
Male 1.055 (0.687-1.620) 0.806
Female 1
Age 1.003 (0.983-1.023) 0.748
Initial tumor location
Rectum 1
Sigmoid-left colon 0.663 (0.318-1.383) 0.273
Transverse-right colon 0.950 (0.532-1.695) 0.862
Caecum’ - -
Lymphadenopathy at diagnosis
Yes 1.034 (0.659-1.621) 0.884
No 1
Systemic therapy
Yes 0.817 (0.524-1.275) 0.374
No 1
Tumor biomarkers
CEA/(ng-mL™) 1.004 (1.001-1.007) 0.002 1.052 (1.021-1.084) 0.001
CA 19-9/(U-mL™) 1.003 (1.000-1.007) 0.062 1.047 (1.008-1.088) 0.019
Pre-RFA features of the lung metastases
Location
RUL 1.035 (0.506-2.112) 0.925 1.327 (0.660-2.668) 0.427
RML 1.612 (0.723-3.594) 0.243 1.645 (0.760-3.564) 0.207
RLL 2.588 (1.358-4.929) 0.004 3.055 (1.629-5.732) 0.001
LUL 1 1
LLL 1.732 (0.892-3.363) 0.104 2.236 (1.192-4.193) 0.012
Distance 1/cm
=1 1
<1 1.326 (0.789-2.230) 0.287
Distance 2/cm
=1 1
<1 1.206 (0.774-1.879) 0.409
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Univariate analysis Multivariate analysis
Characteristic
HR (95% CI) P value HR (95% CI) P value

Immediate post-RFA features
Pneumothorax

Yes 1.207 (0.758-1.923) 0.428

No 1
Hemorrhage

Yes 0.812 (0.492-1.339) 0.414

No 1
Electrode

Expandable 0.480 (0.240-0.958) 0.037 2.171 (1.176-4.005) 0.013

Straight 1 1

*: Due to the low number of cases (n=3), reasonable HR (95% CI) can’t be obtained.

A CEA B CA19-9
1.0 1.0
—Low
~—High
0.8F 0.8
0.6 0.6
041 041
021 021
Log-rank test: P<<0.001 Log-rank test: P<<0.001
0.0 1 1 1 1 1 1 1 1 0.0 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
t/month t/month
At risk At risk
Low 266 248 221 155 105 80 62 43 36 Low 370 329 284 237 184 127 96 72 51 41
High 135 104 79 3 25 17 10 8 5 High 31 23 16 13 9 3 1 0 0 0
C Electrode needle D Position
1.0 —— Straight 1.0
" Expandable
0.81 0.8
0.6 0.6
fa——=1
041 0.4
—LU
— LD
0.2f 02f—ruU
Log-rank test: £=0.002 :gg[ Log-rank test: £=0.005
OO 1 1 1 1 1 1 1 1 OO 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 2 32 36
t/month t/month
At risk Atrisk
Straight 24 17 12 9 8 7 1 1 1 LU 9 87 78 67 56 43 34 25 18 14
Expandable 377 335 288 184 122 90 71 50 40 LD 9 8 6 56 50 39 27 19 13 7
RU 91 8 79 63 43 27 24 18 12 12
RM 44 38 33 27 17 10 4 4 4 4
RD 73 61 47 37 27 11 8 6 4 4

El4 REBMSI B EE 5 ERKaplan-Meier i £

Fig. 4 Kaplan-Meier curves according to independent risk factors

A: The risk stratification curves of CEA (optimal cutoff value was 6.28 ng/mL); B: The risk stratification curves of CA19-9 (optimal cutoff value was
74.72 U/mL); C: The risk stratification curves of ablation probe type; D: The risk stratification curves of position of lung metastases.
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Tab.3 Radiomics features screened by MRMRA and LASSO regression

Pre-RFA radiomics feature

Post-RFA radiomics feature

Shape Elongation

Shape MeshVolume

FirstOrder Energy’
FirstOrder_Entropy”
FirstOrder_MeanAbsoluteDeviation
FirstOrder Skewness
FirstOrder_RootMeanSquared
FirstOrder RobustMeanAbsoluteDeviation
GLCM _ClusterShade”

GLCM_ ClusterProminence
GLCM_Idmn

GLCM_Imel”

GLCM _InverseVariance”
GLDM_DependenceEntropy”

GLDM _GrayLevelNonUniformity”
GLSZM_LargeAreaEmphasis

GLSZM_LargeAreaLowGrayLevelEmphasis”

Shape Sphericity
GLCM Idn

GLCM_Idmn

GLDM_SmallDependenceLowGrayLevelEmphasis’

GLSZM_HighGrayLevelZoneEmphasis

NGTDM_ Strength

NGTDM_Coarseness’

*: Radiomics features screened by LASSO regression; Pre-RFA: Preoperative CT images of RFA; Post-RFA: CT images immediately after RFA.

Alpha

w

0.90F
0.85F
0.80F
0.75F
0.70f
0.65F
0.60F
0.55F
0. 501

Concordance index

10°

C
Before_firstOrder Entropy

Before firstOrder MeanAbsoluteDeviation

Before. GLCM_Imcl

Before. GLDM_GrayLevelNonUniformity

Before GLSZM_LargeAreaLowGrayLevelEmphasis
Before. GLCM _InverseVariance

Before. GLDM_DependenceEntropy
Before. GLCM_ ClusterShade

Sp_GLCM_ldn
Sp_GLDM_SmallDependenceLowGrayLevelEmphasis

Before_firstOrder Energy

Sp_NGTDM_ Coarseness [

BE5 LASSOMm 3§k #6 HFHHE

Fig. 5 Radiomics features screened by LASSO regression
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-1.5 -10 -05 00 05 1.0
Coefficient

A: The coefficient of radiomic features changes with a. B: The C-index of the model changes with o, and the yellow line represents the a value
corresponding to the highest value of the C-index in the cross-validation results. C: The correlation coefficient of radiomic features screened by
LASSO regression. The prefix “before : The radiomic features of the preoperative CT images of RFA; The prefix “sp_": The radiomics features of

the CT images immediately after RFA.
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Tab.4 Performance comparison of each model

Variable

Fusion model

Radiomic model

Clinical model

Training dataset
C-index (95% CI)
Brier score (1-year)
Brier score (2-year)
Brier score (3-year)
AUC (1-year)
AUC (2-year)
AUC (3-year)

Test dataset

C-index (95% CI)

0.890 (0.854-0.927)
0.092
0.160
0.161
0.917
0.869

0.857

0.843 (0.768-0.916)

0.867 (0.829-0.906)
0.106
0.189
0.198
0.899
0.850

0.839

0.811 (0.722-0.897)

0.665 (0.594-0.737)
0.161
0.180
0.177
0.670
0.668

0.659

0.688 (0.565-0.811)

Brier score (1-year) 0.126 0.133 0.172
Brier score (2-year) 0.204 0.241 0.191
Brier score (3-year) 0.174 0.188 0.187
AUC (1-year) 0.857 0.810 0.711
AUC (2-year) 0.709 0.618 0.687
AUC (3-year) 0.757 0.674 0.655
A At 1 year B At 1 year C At 2 year
LOF e e LOF s e LOF T
7 — f [ =
0.8 f & 0.8 f s 0.8 1 =
- | I + = J + rf_; I|
i - - [ .  —
0.6 J o S 06| [ 3 0.6 ]J -
L f f . Lo | : | i ::1.
02l — Al=0917 02[f 7 — AlI=0.880 02| — Al=0.869
)‘ — Omics=0.899 T 17 — Omics=0.871 Omics=0.850
0.0 ) ) - Clinic.al:O.(ﬁq 0.0 _._|' ) ) — Clinic.al:0.6()7. 0.0 _.l ) ) - Clinic.alzo.ééif
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
D At 2 year E At 3 year F At 3 year
1.0F _—— 1.0F — 1.0+
S '_"‘fﬁ- 4 L oo i =
f r: - F — P
08| Hlj o8| 7 Y 0.8] = ¢
. - — 1 " "__._,-- ——
06| | _|"'[’ o6l 7 T 06 : JJJ
o4l |/ o4l [ 04 [f
i 1 %
0.2 y: — All=0.826 02| (" — AlI=0.857 02 ¥ — All=0.775
J,—" ~ Omics=0.807 i — Omics=0.839 o ~ Omics=0.758
0.0 L ) ) = Clinic.alzo,637. 0.0 .f ) ) . Clinic.alzo,659. 0.0 b ) ) = Clinic.al:0A676.
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Fig. 6 ROC curves and AUC of each model for predicting LTPFS

E6 HEAFMLTPFSHROCHZERAUC

The ROC curves of each model predicted 1-year, 2-year, and 3-year LTPFS rates in the training set (A, C, E) and the test set (B, D, F), respectively.
All: Fusion model; Omics: Radiomics model; Clinical: Clinical model.
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Fig. 7 Nomogram based on clinical variables and radiomics features
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