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A study of radiomics for predicting renal cell carcinoma subtypes based on cortical phase CT image
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(1. Department of Radiology, Hangzhou Hospital of Traditional Chinese Medicine, Hangzhou 310007, China; 2. Department of
Radiology, The Sir Run Run Shaw Hospital, College of Medical Sciences Zhejiang University, Hangzhou 310016, China)

Abstract: Objective: To investigate the value of radiomics based on cortical phase CT image in distinguishing clear cell
renal cell carcinoma(ccRCC) and non—clear cell renal cell carcinoma(non-ccRCC). Methods: A total of 122 patients diagnosed
as ccRCC (n=82) or non-ccRCC (n=40) by pathology from January 2017 to December 2022 were retrospectively analyzed. Pa-
tients were randomly assigned to a training cohort (n=85) and a validation cohort (n=37) in a ratio of 7:3. The 3-dimensional
regions of interest(ROIs) were manually contoured at the cortical phase, and the radiomics features were extracted. Linear cor-
relation between features and F-test were used for feature selection and then Logistic regression was used to construct the ra-
diomics model. CT imaging features were selected using i—test, x*~test and Logistic regression to build a conventional imaging
model. A joint model was established by combining the radiomic model and conventional imaging model. Receiver operating
characteristic (ROC) curves were plotted to evaluate the predictive performance of each model. Delong test was used for com-
parison of AUC values between every two models. Results: The AUC values of the radiomics model were 0.99 (95%CI 0.976~
1.0) and 0.89 (95%CI 0.774~1.0) in the training and validation cohort, respectively. In the training and validation cohorts, the
predictive performance of radiomics model and joint model were superior to the conventional imaging model, with statistically
significant differences (all P<0.05). Compared with the joint model, the predictive performance of the radiomics model was
slightly higher in the validation cohort, but there was no statistical difference (P=0.27). Conclusions: The radiomics model
based on cortical phase CT image showed favorable predictive efficacy for predicting renal cell carcinoma subtypes.
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Figure 1. Delineation of the ROI(the red area) of renal cell
carcinoma lesion in cortical phase.
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Figure 2. Optimal features and their weights for constructing the radiomic model.
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Figure 3. Nomogram of the integrated model for predicting renal cell carcinoma subtypes.

I7 7 SRR BRI UG VAN HRT, 48 5 B 2R T A 2
HH B0 B 200 B B TR 1 A v (RUH R A QI AG A
B0 T g PR A A XU HLAETE Y AE R HR
FEDm 2200, S2AR 20 7 Re 8 2 1k A IR JC 6 1R 19 52 1%
RRAIE , 2 o S e e V5 7 1 26 W 2 e AR T R L T
CT Jz Jiad 57 7 A X A ccRCC Fl non—ccRCC 1)
SARL SRR | eI S5 R TE S v 38 B A
T RLHE , AUC 43518 0.990 F1 0.890; £i4 T 1%
A 2EPEA3 5 HLRE AR RRAE A0 T A B 28 T 0 2 RE 1 T
WRC AR 22 R Gl E R S R R
TG 4 VF 3 X B2 AG R T S0 00 s IV 261 114 %8
e HL AN E

CT 338 58 K 2 2 B 200 s 12 W BR iG 1PAG 5
W8 2F T, CT SEARFRRIEA Bh 1 DX 500 B 240 it g 0
U021 AKIF S e IR ST B ks Ak | 9 AR IR AE SR T
W ccRCC ¥ 2l 57 e |6 P 2%, OR B 43 %1 24 8.035,
15.513, T ccRCC & & SR04 | ol 45 BE 8, Kz o
158 AR BA 5 T FLSOBR B A0 S A A A A

e €0 230 98 XL A L | A RE )RS R L R A G2
S AL AR X255, P TR T = ML) non—ccRCC, B
T SCHR I A T A 32 2 T 200 i s 3TV Y ) o L
SR FH EE non—ccRCC,eccRCC ZEAZ RAE T i 2%
SN E IR RS R — 3, AW T CT BURRRHE
2 g T TN A e TR ) R LSRR A
HUNZ 4 FEGTESE /Y AUC 23 51k 0.852 F1 0.722,
FEH] CT & M2 AR RRAE 7T LA Sz Wi kb 1 7 SRR AIE
H AR G 5L T 2 0k W, 5k = & WL | ) 32 B i
LI RE N, X AT RE SR RS AR R T A5 fE AH X
REMFERZ —,

AR A 2 SOEURRAE 2 A R A 3R 255 W) 43 A o i 4
R, RERSRAEMIEAE CT BIER% S B e,
A5 38 2 R AR PRI T e AR A 20 45 4
JH 98 o3 78 S5 A DG I S AR L A R AR Herh 16 NS L
PRRFAE A XA 5 A 3R LA B2 R R — K R AH
AR 7 — A A 227 50 P 03— b TR [l A W — K
JEE DX B A — DXl 39 A S BRARRAIE 3 [ A W —



r ] I DR S 24 AR 2 7R 2024 4E48 35 555 3 #1 J Chin Clin Med Imaging, 2024, Vol.35, No.3 2201 -

RS DX Sl R o — 61 I 127 5 P IH — b R i 3R 7 i og
B O OC R AR AP, L EDBRAIR B s R P AR
O R 1Y () S P B iR 5 R [ A R 8 — IR 8 DX
I — DX S 2 A7 e DR /N UK B 093 A 1) B AL A
AR LA BE 1 Rp E | AR g 41 7S 30 1 22 S ok i
JeA DA S S T P Y 0 S T P e A P e o Y R R
RRAE W BB S O P A 351X eeRCC
non—ccRCC W VERR I T - BE I 2B Y "7 55 AW &

CT 5218 41 27 10 S0 B 240 M i v 28 vh B —
Hrfa® 1579, Kocak S¢8%E T CT 49 | B B 2D [
1% RN T4 /2% (Artificial neural network , ANN)
G248 XF ccRCC #1 non—ccRCC #4725 5112 Wr | 1%
LR B A HE R 84.6% , REUE N 69.2% 5 52 HE K
100% . Zhang 555 CT Z W14 (49 S B A
SEH ), R H S HE ) & AL (Support vector machine,
SVM) 732 &5 % ] ccRCC Ml non—ccRCC, i AUC 2y
0.94, HEBIE N 87% , RAGIES 89% , 15 5N 92%
SR, FIRWESE T ROT (19 38 % 15 2 i g 14 5 K2
T, AN BE 5¢ 4 S W i Je 20 2R R i) S B vk | HL B/ 35
WESE, WEIE R0, B2 B CT REARFRAE A B T 5
20 0 g S A0 T bR A R A B B R R AE
WA FE R AT CT B Jou 9 B R kA7 2 A 4L~ o0 i o
RTINS A S WA bR ) AR AR R AE SR
FH=4EZ AR ROT #EAT e 231 o TG S A i
10932 55 0] )3 53 2 S A A S AR 2 A A | )1 2k
L AUC, RS | RAEUE AR E 5390 0.990
94.1% 91.2% 100% , I 24 GEPL T+ Kocak %5 Zhang
LR EE R BAE R UEAE b B AT R4z fhBe

R T P AL RE, AR LRGSR A
VT I AR AR A I AT RL ) IR 9 4
PET A HE S AR A 2 A5 | Ik 55 A 1) ot 0 28 e T ]
WU 7 g Ik 4 v I %R s i s s AIG, AT RE e A
AR R AR B R 22 | 022 5 O, TR AR 1
T 45 S 0 HER 1 DRI S 1 A 2 A TR R T A A
RO A0 s 222 A SRR R EAE R
I IR 3 B i A SR s 0] R T AL

AR FEAFAE— 2 W R BR 1 . D F non-ccRCC
RGO A S AR 2 A R E— 2D KR
A B AT 2 DRSS s QAR AL AR R
FEXTHG SR CT K B0 R IS 00K 45 & S8 Bl A iR
19 RIS LA AR BT fin 4 T 1) S AR L2 0 #T

ZE BRIk, BT CT BB AR 4 A BERLAE R
T FI0IN ' 200 i S R R B R CRE T I RA
P78 1 B R0 TS PEA 52 1R 20 WL 9 4R 35

(5% k]

[1]Zheng R, Zhang S, Zeng H, et al. Cancer incidence and mortali-
ty in China, 2016[J]. J Natl Cancer Cent, 2022, 2(1): 1-9.

[2]Sung H, Ferlay J, Siegel R, et al. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for
36 Cancers in 185 Countries [J]. CA Cancer J Clin, 2021, 71(3):
209-249.

[3VHBEE 1, 58 T/ BA 0, 45, 40 6 A ] s B 41 20 Y 5 TS 1
KAN] AR IR, 2021,42(2) :89-96.

[4]Motzer R, Jonasch E, Agarwal N, et al. Kidney Cancer, Version
2.2017, NCCN Clinical Practice Guidelines in Oncology[J]. J Natl
Compr Canc Netw, 2017, 15(6): 804-834.

[5]Lambin P, Rios-Velazquez E, Leijenaar R, et al. Radiomics: ex-
tracting more information from medical images using advanced
feature analysis[J]. Eur J Cancer, 2012, 48(4): 441-446.

[617F 300, 3 5%, LRG| 4. 20468 26 ol 3 I [ 15 0 AU 7 10 Wi 5 3 1) 4
ML Aoy G i i T). AR R AR AR ,2019,99 (23):1767-
1772.

[7]Wang XJ, Qu BQ, Zhou JP, et al. A Non-Invasive Scoring Sys-
tem to Differential Diagnosis of Clear Cell Renal Cell Carcinoma
(ccRCC) From Renal Angiomyolipoma Without Visible Fat(RAML-
wvf) Based on CT Features[J]. Front Oncol, 2021, 11: 633034.

[8]Kocak B, Yardimeci A, Bektas C, et al. Textural differences be-
tween renal cell carcinoma subtypes: Machine learning —based
quantitative computed tomography texture analysis with indepen-
dent external validation[J]. Eur J Radiol, 2018, 107: 149-157.

[9Marconi L, Dabestani S, Lam T, et al. Systematic Review and
Meta—analysis of Diagnostic Accuracy of Percutaneous Renal Tu-
mour Biopsy[J]. Eur Urol, 2016, 69(4): 660-673.

[1O84 A" 55 | R, ™ 53, 46, T 1 PR PR 38 B CT R AiF Ay 2 2 031
20 M98 B0 F) BN R AR (D). e RO A o 2k 5 ,2022,41 (1)
2077-2082.

[11]Moldovanu C, Petresc B, Lebovici A, et al. Differentiation of
Clear Cell Renal Cell Carcinoma from other Renal Cell Carci-
noma Subtypes and Benign Oncocytoma Using Quantitative MD-
CT Enhancement Parameters[]]. Medicina(Kaunas), 2020, 56(11):
5609.

(121500 , /8 BRI, 320 HE CTTXUIUTH 58 A0 ' 200 M A D P 722
119 2 S5 W 0 ). vl P R B 25 12 % 7, 2018,29(10) - 708~
712.

[13]5K IR MR, i 25 8] S o P B2 A% 2 58 b AP0 DE R[], P ARk
SR 24 2% 35,2017 ,26(12) : 1451-1456.

[14]E 0 SR, e, 5. B CT 749 BC8E 53 #1952 45 41 2 10
V3% W1 A R WHO/ISUP 53 901 L BF5E ()] AR TR 22 A3
2021,55(3):276-281.

[15]Zhang G, Shi B, Xue H, et al. Can quantitative CT texture
analysis be used to differentiate subtypes of renal cell carcino-
ma?[J]. Clin Radiol, 2019, 74(4): 287-294.

[16]Schieda N, Nguyen K, Thornhill R, et al. Importance of phase
enhancement for machine learning classification of solid renal
masses using texture analysis features at multi —phasic CT[J].

Abdom Radiol(NY), 2020, 45(9): 2786-2796.



