RECTRIMRIZE 2026438 £24% £3H 551978

S

EFCTRAASE
A S B
RASHFZE

BETAL?  TARALL L
LEAENARE ZIRKEF R
(% I 510280)

2EBEKFRE REE-ARER
Bl (7% M 510317)

[HHE] BN RITEFCTRAAR SIS —15R
MRS R T 5 B4R 1S 6 B2 RS B T
B, 73 EIBTIE S B BA 4R A B 520441,
RIBAERESQESIIRESD NS CEZHA
(n=120)F15 S @ERIDAH(n=84), MARHICTILE
RiEchIKERGRIASENR. ERE S NEEX (ROI)
FIRE. MR GAFRHIE, BKEMEENIGRK
SHEMBGAFIFE, ERBERANBEIEE
RS- EAMNMESREEM, RASKETLE
FHIERRZE T EAR (AUC) FNFE &R -B BIZR 4L T Em R
(AUPRC)IF(HIEEI M aE, £R BAL1-3mmiRETE
BERORNEE. FERSELNMEEIYNR
Fe—&3, kKR-ZREMSEEAUPRC(0.70,
0.81). AUC(0.77, 0.70), EERIMIFRE, KIF
WIS IR AHEEYAUPRC(0.70, 0.81). AUC(0.78,
0.68), RELZWEESIRIR. L BT RAICTRGA
FHENRSREGHTINS EBRAREEER
B OERSERE, WEGKRE TN EEFEEMR
HFRSZR.

[x23d) SiF; EPRMME; SR,
RBBER; XEHEN; FGA%E;
MaFS

[(FEHZS] R737.11; R814.42

[XERFRIRES] A

DOI:10.3969/j.issn.1672-5131.2026.03.030

A Study of CT-Based Radiomics in
Predicting Renal Capsule Invasion Status
in Clear Cell Renal Cell Carcinoma

DENG Xiao-li"?, JJANG Gui-hua™?>".

1.The Second School of Clinical Medicine, Southern Medical University, Guangzhou 510280,
Guangdong Province, China

2.Department of Medical Imaging, Guangdong Second Provincial General Hospital Affiliated to
Jinan University, Guangzhou 510317, Guangdong Province, China

ABSTRACT

Objective To explore the predictive value of multiple single models and fusion models based on CT
radiomics for the renal capsule invasion status of clear cell renal cell carcinoma (ccRCC). Methods A
total of 204 patients with ccRCC who underwent surgical resection in two centers were retrospectively
analyzed. According to the renal capsule invasion status confirmed by postoperative pathology, the
patients were divided into the non-renal capsule invasion group (n=120) and the renal capsule invasion
group (n=84). Multiple regions of interest (ROIs) were obtained from the intratumoral and peritumoral
areas of preoperative enhanced CT arterial phase images, and radiomic feature sets were extracted
and selected. Combined with the selected clinical features and radiomic features, a total of 9 single
models and fusion models were constructed using the logistic regression machine learning algorithm.
The area under the receiver operating characteristic curve (AUC) and the area under the precision-
recall curve (AUPRC) were used to evaluate the model performance. Results Among the single models,
the peritumoral 1-3mm model showed the best performance in terms of AUC. The performance of
all fusion models was higher than that of single models. The clinical-multiscale fusion model had the
most stable performance with AUPRC (0.70, 0.81) and AUC (0.77, 0.70) , while the fusion model with
selected features had the strongest generalization ability with AUPRC (0.70, 0.81) and AUC (0.78, 0.68).
Conclusion The fusion model constructed based on preoperative CT radiomics is helpful for predicting
the preoperative renal capsule invasion status of patients with ccRCC, and assists clinicians in
formulating better surgical plans for patients.

Keywords: Kidney; Clear Cell Carcinoma; Renal Capsule Invasion; Tomography; X-ray Computed;
Radiomics; Machine Learning

X 4HiERE(renal cell carcinoma, RCC)BRETEBRBEME/NE ERTEHME, £
2022BRWHO RCCH IR, BRI S AR (cCRCC) 5 70%~90%", BRI R
4MEl %22 (European Association of Urology, EAU)IEEER, [ ~IVESEMERFSE
% (cancer specific survival, CSS)951891%. 74%. 67%. 32%, FILFATHAER
BEEx, CTREERCCEERFILH. DERAEHIISERNKRESE, FAE
FRRCCNFERABFE, FAAXND NS UIBRATMIBAM SRR, WFIHLRE
HS R E RS B AIRA", SOEROSTE SERRAMNSFALERE, oHEIEMEE
HESHEAR, SERDIRBES HNRHES. STWARHAARRE", 2£56E
BRHENBEMERTLREE. A, HERHIRFEEENRERES, TTURAIMEmS
EMEUFRARRHREESE, #MREBENTE,

FREEEREZETEGEINMNARNR, BRZTEMEIRMIGKRENT W, 28
ERMFERR. BEARRIES", CTEETRARERCCHTNMAE, BFESEE
BB EEERSENERY, BEAZ IS BEEMIZIHD TGRS, 4
IR AR ZD BNAREGER, AL, TE. SRR, JEMNEEBIRK
L, B, XTFRCCEEEZINEGAZMABNKRL, BT, SAREERIY
BEFEANBEEACTEGAZEN S E—BRNHSEEN S ERMARES R 2RE
HFUMNE, HENRKREMREFAS .

1 BREHZ*

1.1 FARKR LFERENHO201TE1BE2025512 B BGARNEZ MBI F RTINS
BRARREBEENARYRE204%], HPPo—12361, AOZ81fFl, RIEAGRE
BEARRKEESNTSEREINAN=120)18 SaE2H4A(n=284),

MNITE: AERIERIZACCRCCESE; ARISTREHCTIERIAE, BR B9
BRASIRA S SRR, HbRtnE: RFZZEEM. NMARE. BuT. WTHEAT;
CTEGEFEENS, HMIEREX (region of interest, RONAE; IRFKRFMFEEGFEERF
e, FNARALHERRER, ERCEZREFAERREENERE,

1.2 5%

1.2.1 N EMEE A= EEREESZENBERER, KB KFE Brilliance 256 # CT.
BES2 uCT 960+ CT. BER uCT 320 CTMR P ]F SOMATOM Force %8 3 AXUE CTHEHIT
EMiIiE, SN IEPEkaEIFIEEFREIF, FIE1.5mL/kg. 7E3.0~3.5mL/

[E—1EE] BRI, 7, FTAEIM, TERRAMA: FEAF. E-mail: 1020363469@qq.com
(ERfEE] JTHEE, B, TEET, FERRAE: HEF B, E-mail: GH.jiang2002@163.com

106 -



s, AETCEANE EREE TR, AESHK: EBEI20kY, &
BB hER, EME512X512, HiGHABEETEE. sk
(25s~30s). SERHA(80s~90s). HEMEA(BSFEHR, 180s~420s).

1.2.2 IGREN WEBENFR. HHER, 2R=KSHK

1)

CHINESE JOURNAL OF CT AND MRI, Mar. 2026, Vol.24, No.3 Total No.197

BAMITGRLEZ—MWERR.ENA LTSRS (R.E.N.A.L
Nephrometry Score), WAMBHRABER (radius). MR,
B AIE3MIE R, LARSTERHEMEIRKFHES,

1c) ®

Bl EEaiE RN ARM R RCTR G EH GRS MR0L, 1A B EME; 1B: RANBEAROICLE), RAEINEEIom ROI (4B) . BEHE
1~3mm ROT (¥48) . JBJE3~5mm ROI (58); 1C: JENINABE T XROI (U1, %, HE).

1.3 RGAF A
13.18% 7% SHEBEARCTRAGHTERE, i—BREN
(BPE50HU, BfI350HU), BESINTMERMANIRE. HR
TRIEBEMRANGE, WHEBNEEBHITEST M, B
ITK-SNAP 3.8.0 fEanfkHER & B (48 L aMBREBHITERAE
RISEAROL, RIEEAROCINCTEHITK-meansBIEHXHH3
MIXEBEEREEL 2. 3T XAIROI; EAPythonTHE, #&
FEAROIEN EBthZE SR, FKSERA1Imm ROLL EBE1~3mm
ROI. #@E3~5mm ROI(LE1L), RZRBTIMXIFHROI, BIE
JEMWROL JEBRAREIMEXROIFERE3NEEROI,
1.3.2 R AAFFHERINAHIE X371 XIFHHIROIRAPyRadiomics
FHIEEIRENGE L 107 MHIE, SItT49 N BRAFIHE, 6XFHE
BE—MFITFE (firstorder). TR EHAEREFERHE(glem). TR
R EEFEFFE(glrlm). IRER/NKIHFFERFE (glszm). 2BiEx
EEEMEFHE(ngtdm). REKFFEFMEFFE(gldm), BEALEIR3
MEXHFER S A IABREIRIHIES, RBRESAXEAT
HIEER, PRIAEBR. BREE. BRLImm. EEL1~3mm. ER&
3~5mmEHESE, ®EROINI23GIBERIIEGE, F0289817]
BEANRAE, FEMEMRRGEIEIIERE LM iR
EXAAFEEH 1T Z-scoreA— L R IBH E DT, /N ITURZEFIE
#EHE F(least absolute shrinkage and selection operator, LASSO)
BEE R 10NN, HITHRIEmE. L,
1.3.3 R RAEERIYI(logistic regression, LR) B35
FIBE, MBIMER, DAARKER (clinical). BRE

A(radiomics mask model). A 1mmiEZ (radiomics 1mm
model). A 1~3mmi&E& (radiomics 1-3mm model). &E&E
3-5mmiE& (radiomics 3-5mm model). JEREEER (habitat
model). IRFR-BRRISEE (fusion_clinical mask model). I
R-% RERIAER (fusion clinical multiscale). RIHIEIFIEER
(fusion selected feature model), ITEZIEREGTTNMEREFHTTOMEL
B, HBERFITIML,.

1.4 SitF7A5% #£ASPSS 26.0. Python 3.9.21#1T45it %49
o MEESHHHHERNUGIBEIFEE)RT, Bt
KA AN, HHENUB)RT, PRTEANXE
AR, EFRTEXRERAMann-Whitney U 1594, P
<O0.05HEREBRITFEEN. XAZTHNE TIEFEMLZE(ROC
HHLE) T E L TERR(AUC), IHEREERMEE, RABEEX-T
[ElZ 4k (PRENLE) 1T B L TEAR(AUPRC), TR BUNTFH IR
BIRFEEIRBIZ,

24 R

2.1 RERRESHER 20461 BB M5 IRKIFMEERRL
BRZALogisticBADMETR, MERAEREMAE(I%E
P=0.003, MiX&EP=0.023) AEERIHFER, KALASSOEIH
10T R XIIEXS Im AR ERITIE. R, RARBERTR
AERZ(Radius) 2B EA TR IRAER, HAMBRAERE
BARRE T ENE(RE2),

R1 IR NN IGARE RS CTRAFEL R

Il PRASFIE YZREE(n=123) /2 PE MiAE&E(n=81) x2/t/Z P&
BREAE TRE4 BRAHE TEAA
(n=35) (n=88) (n=49) (n=32)
HA(F) B 14 32 x*=0.03 0.865 35 26 x ?=0.55 0.46
pegin 21 56 14 6
FiR(F) 60.3+9.6 56.8+11.4 t=1.65 0.102 57.2%11.6 52.1£14.0 t=1.76 0.083
RAER(HI)
<4cm 11 45 7=2.72  0.003 25 20 7=2.27 0.023
>4cm, <Tcm 11 35 16 11
>T7cm, <10cm 9 7 2 0
210cm 1 1 2 1
BRAHEEMERIE 3 0 4 0
SMOER(fI) S <BERERER50% 9 34 x?=4.12 0.128 19 17 x2=3.14 0.208

. 107



HEICTRIMRIZRE 2026438 $£24% £330 281978

MY > B BFR EE50% 25 46 29 12
EERREREK 1 8 1 3
By i & (151)
BEMm 17 41 x2=0.04 0.980 23 17 x2=0.39 0.823
H 15 39 21 10
NFHEEZIE 3 8 5 5
2]
B2 ZLASSOTE V3 2047 0 26 s ARAFAE o 5 26 )5 s JRAFAE 89 SHAP{E
D 2 LASSOIE V3 4047 % 2 e JRAFAT; [ 2B: 1 2 J5 s JRAAE 8 SHAP{E .

2.2 REAFRTEDNER LUBEL~3mm ROHREIAILOTMNE
BAFRHENG, EHFESNHEEREGAMFE, #—F2
it LASSO[E)AZ & 10T R R WIE, RARBA4MFERTEEN
B, BN, BALE. ERE1Imm. EREL1~3mm. EE5mm 54
THRAFHIE, £3 ERFREDFREG2. 3. 7. 4 410
1E, BTHENHMNE—FGAFIER; KLLASSOMEYITHERNE
B1~3mmiERFrEHEEIFELES, RS HiEENIRRSIEE
A BRMNEENEGAFFE, H1I3MFIHRIGKR-ZRE
RERE, MATmEENIRREHEMAME G, F16-MHE
WA THAFHERSEE,

2.3 HEMBERIRM M OFIE R IR ER NI EAIMBEIE L
B4, EFINEEMNNERNEBIEXER R F &R, MAUPRCTE
ERFN A EHEIRNTNSEESBEE ST mERAAT RS, W

B3 2 LASSOE J3 4047 tk #78 JB1 1 ~ 3mm ROT B/ (% 41 S 454 .

AR MTRBAUPRCAENIER M RERIIZOITEIENR, BRES
AUCHITHBI DM, SRER, HOMEBE—IRER, BFHL~3mm
REXRNMZE, TIILKEHRAUPRC=0.60. AUC=0.70, TEMid
& HAUPRC=0.77. AUC=0.67, 7E3TRISRER, InK-ZR
ER S EAENIZEPAUPRC=0.70. AUC=0.77, FEMIRXES
AUPRC=0.81. AUC=0.70, RIRRE, IAXRZEE; Kifik
FHERE SR BUIEIII 4R & FAUPRC=0.70. AUC=0.78, 7EMIiA&
AUPRC=0.81. AUC=0.68, @izfRENHIERIRE, BAME,
PRERGREFHNETOHEERINTE—RE, MeEEED
FIFTRFIE, ENIHE LXK T RSHIAUPRC, RILHBMAA
XPE. ImRRZMFNPIFEN, H—F UK THIERERIZRE
BEENEPNERE.

@ @

B4 AR Gk E Aol K EROCFIAUPRC i 4. FI4A: I ZREAUPRCH %; 4B: JIZREROCH &; FE4C: MK EAUPRCH %&; E4D: X EROCH 4.

108 -



33
AR S BB 2 A W R0 20465) 5 B BB ARARE (ccRCC) B &
AEERCTES, MERKSEEAFHINES N E—NEE

THERE, MRKRA, RAEEARSE SR SERSTNER
%, NEARFARRREEEESS,

EER, BHRATHECRCCHMREIEENTFREZDE.
TNMOERRFAETN, REp—BAS5LRERMAER, Zhang
YDVSRRER, CTHRHMBENEA S GAF BRI S @S
THMAERET, JIZREMKIFEAUCH FH0.83500.74; ZHIRAA
R ARMRIEFRER, AFRFENIERETIOSMES
AR, HEIRKEERFSHAP(Shapley Additive exPlanations){&
£90.48, SHAPEEIEREMEWINESE BRI TENEESEY,
BEVESSEZOER, 88 ST CTIER S AR A S B RNy
CCRCCHRBILUIEE, RMABEAER MM FH S, X5
CCRCCHIBKERSR (L B B EMF G P I—B, TEAHREEREK
B AR R

BEEREEERRERR—: Liu VSHETRNRCCE g
B EI0EARAR, RIEE3mMmEENALSS (AUC=0.926); Yang
L"ERRRER, ShEKEEMIER AR THEE3mm(AUC=0.81);
Xia YH S M52 hBXEREN . JEB/8 S AR TN ccRCOBIRT 4R,
RIERBEAEE-SmmMIBRIRE()I%GE. BWIFE. NidEAUC
£9050.91. 0.85. 0.873), BHRFHHAREIHSH; KEM "%
RS TRAL~6emmBEN6 MK, R EREE3MmER
B, BZARAEAL, RBIFERERLZHEET.

S5 EMNR, KRFREEEE1Imm. 1~3mm. 3~5mm
SAREDN, FREFSE—EARENER-3mMmMES
B, SEAMR—X; ARRWNEOERT, TE—ERE LRI
BRI OT I EE S,

o, Yang LMERRTEORRZEERIKS TS
BEEE, KEM " SHRNER. Ma J'ERBFAMR AR
SEMCTESARERE BB SINERE, CTHI ML
S TIRE, AFRIIGESNEESQRZDELLGLE, #
MR BRAUCREHERE, FibRAAUPRCIEIFITMAERE AL
BB, EREY ANAS, THESIELIRFHER ML,

ARRBIRME: (1)BANHL, BEESEREGEYRE
F—&14, EHNSKEROEBRREERZKEN;, QFI
BROEN S, BAERFELAMRESLINERE, 25
BEEM—H,; Q)EFMAREEEERENR, KRREAN
BIBEIERAG, RAHERIRRE & S aEM,

& PR, BAE TS ccRCCEE RBILIBCTHISE 18R
REAER, RTENSaESIRESHNTNNE, LRRER
SRBNERE, TENERENSHTERFERAE, BREARE
EmEHARERER, NEBEMEREGRE,

CHINESE JOURNAL OF CT AND MRI, Mar. 2026, Vol.24, No.3 Total No.197

253

[1]Moch H, Amin MB,Berney DM,et al.The 2022 World Health Organization
classification of tumours of the urinary system and male genital
organs—part a:renal,penile,and testicular tumours[J].European
Urology, 2022, 82 (4): 458-468.

[2]EAU Guidelines Office.BAU guidelines on renal cell carcinoma 2025[J].
European Urology, 2025, 87 (3): 321-345.

BIER L AMRZE R 2. WED/THE (2022 440 [EB/OL]. 2022-04-11.

[4]Ha US,Lee KW,Jung JH,et al.Renal capsular invasion is a prognostic
biomarker in localized clear cell renal cell carcinoma[J].Scientific
Reports, 2018, 8(1):202.

[SIMay M, Brookman-Amissah S,Roigas J,et al.Evaluation of renicapsular
involvement in stages I and Il renal cell carcinoma from
the morphological and prognostic point of view[J].Urologic
Oncology, 2010, 28 (3): 274-279.

[6]Jeong 1G,Jeong CW,Hong SK,et al.Prognostic implication of capsular
invasion without perinephric fat infiltration in localized renal cell
carcinoma [J]. Urology, 2006, 67 (4): 709-712.

[TV E &% RAICT= M3 58 43 45 07 £ B 3% WA 40 8 R BT T 3 e g M 5 (). 1
CTHIMRIZ¢ 35, 2022, 20 (3): 3.

[8]1Zhang YM, Tian H,Zhang SQ,et al.Multislice spiral computed tomography
signs of invasion of the renal capsule by renal cell carcinomal[l].
Medicine, 2018, 97 (44):e13075.

[9]Lambin P,Rios-Velazquez E,Leijenaar R,et al.Radiomics:extracting more
information from medical images using advanced feature analysis[J].
Buropean Journal of Cancer, 2012, 48 (4): 441-446.

[10]Zhang YD, Zhao JK,Li ZJ,et al.Preoperative prediction of renal fibrous
capsule invasion in clear cell renal cell carcinoma using CT-based
radiomics model [J].British Journal of Radiology, 2024, 97 (1161):1557-1567.

[11]Lundberg SM,Lee SI.A unified approach to interpreting model
predictions[C].Advances in Neural Information Processing
Systems, 2017: 30.

(12442, RIKGE, "H 3, 5. B RCTRR AL ¥ X 5 Wl 4 o e SRR e 7 0] P IE
CTAIMRIZE &, 2024, 22 (4): 112-115.

[13]Liu J,Lin Z,Wang K,et al.A preliminary radiomics model for predicting
perirenal fat invasion on renal cell carcinoma with contrast-enhanced
CT images[J]. Abdominal Radiology (NY),2023,48(2):649-658.

[14]Yang L,Gao L,Arefan D,et al.A CT-based radiomics model for predicting
renal capsule invasion in renal cell carcinoma[J].BMC Medical
Imaging, 2022, 22 (1): 15.

[15]Xia YH,Sun ZH,Wang ZY,et al.Intra- and peritumoral CT-based radiomics
for assessing pathologic t-staging in clear cell renal cell carcinoma:a
multicenter study[J].Annals of Surgical Oncology, 2025, 32(6): 4550-4561.

(161 3K & [, B AR 21, EME G, . 8 W9 BB B CTSAR AL 2 Bk &\ K B 3% A 494 TN 3%
P 4 2 R R0 W BB (). o [ B 2 AR UK, 2025, 41 (3): 447451,

[17]Ma J,Yuan B,Feng S,et al.Diagnostic performance of CT for extrarenal
fat invasion in renal cell carcinoma:a meta—analysis and systematic

review[J]. Insights into Imaging, 2025, 16(1):1-13.

(TS EHA: 2026-02-23)  (Bxd: BXEEH  HERR: KI54%)

+ 109



