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Prediction of renal cell carcinoma subtype by T2WI and dynamic

contrast-enhanced MRI-based radiomics model
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Abstract: Objective To investigate the value of radiomics features obtained from T2-weighted imaging( T2WI) and
dynamic contrast-enhanced magnetic resonance imaging ( DCE-MRI) in differentiating the renal cell carcinoma ( RCC)
subtypes. Methods The clinical and imaging data were retrospectively collected from 84 RCC patients confirmed by
postoperative pathology and preoperative MRI from March 2014 to April 2020 in the Third Affiliated Hospital of Anhui
Medical University. There were 46 cases of clear cell renal cell carcinoma( ccRCC), 20 cases of papillary renal cell
carcinoma( pRCC) and 18 cases of chromophobe renal cell carcinoma(cRCC). The three-dimensional full-layer region of
interest( ROI) of whole tumor was delineated on three sequences ( T2WI, EN-TIWT in cortical phase and EN-T1WTI in
medullary phase) using 3D Slicer software, and the radiomics features were extracted from the tumor volume using
Python software. The correlation analysis was used to calculate intra-group and inter-group correlation coefficient ( ICC)

for each feature group, and features with ICC values greater than 0.75 were considered reproducible and stable features
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that could be extracted repeatedly. The lesions were randomly divided into training set and test set according to the

proportion of 6 : 4, and the best texture features for each MRI sequence to identify RCC subtypes were screened using

Kruskal-wallis test. Countif function was used to screen feature subsets for the best features selection of three sequences

to establish the logistic regression models of T2WI and EN-T1WI cortical phase and EN-T1WI medullary phase. The

AUC, sensitivity and specificity of the three subtypes of the test set in three sequences were calculated and reported.

Results There were 16 radiomics features of the three subtypes with significant differences in the three sequences.
AUGCs of T2WI and EN-T1WI cortical phase and EN-T1WI medullary phase sequence were 0.833, 0.895 and 0.885 in
distinguishing ccRCC and pRCC, 0.822, 0.856 and 0.766 for ccRCC and ¢cRCC, and 0.857, 0.881 and 0.857 for pRCC
and cRCC. Conclusion Based on radiomics features obtained from MRI, T2WI and EN-T1WI cortical phase and EN-
T1WI medullary phase radiomics models can well distinguish ccRCC, pRCC and ¢cRCC, and EN-T1WI cortical phase

has the best diagnostic performance.

Keywords: Renal cell carcinoma, subtypes; Magnetic resonance imaging; Radiomics features
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"5 4 il 958 ( renal cell carcinoma, RCC) 7E i A %,
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PURIAE G Rk 22 5, 28—l RCC WETRIXS 43+
HBIaIG ST A AN R B2, JC H S 8 M AN BE TR 1Y
RCC ™, B, RCC W B AR v A LE 67 i
G, AT R4 R TR T SR W 1) MR A A
TORGHE B 7 10 & i o AE 5T SRk ] 22 1 9 il 24 1%
(MRI) % =t RCC 7RI TRAAR L 245307 o

1 X&5FH*®

L1 Arst % ARBENTEGE] 72 RIER R
o = Rt DR B PR oA AR B 51 2x AL, S5z 1038
T8 A LSS 2021 (49) 5o ki8R 2014 4F
3 H = 2020 4 4 A 2 AR5 HEUR B o A iR gLy
RCC R [ B2 MR 22 Bt . TR j o R Ty
FeZ AR S (MRI) 645 (T2 A4 ; EN-T1IWI

R i WA EN-TIWT g5 5 1] ) o % F ccRCCpRCC I
cRCC f83# , MRI A 5 1 R 22 [8] (1) ~F- 347 [ g — g AN
et 1 HEBRARE: (1) BEBAAAERR 5 TC M
25 (2) BEAEE MRS s TR, B e T 84
o 8, 3L 84 A, Horh 46 4~ ceRCC, 38 42N
4E ¢cRCC (20 4~ pRCC #1 18 4~ ¢cRCC) , TEHF5EH,
= RCC WA L2 2.5 5 15 1,

1.2 #%F 7% A MRL K& A2 7E SIEMENS
1.5T MRI HHH AL L A7 0 8 70 A0 MO 42 52 i
&, A MRI SR & H 4 A AR 42 M A 2 el (8US
TORSOPA) 7ERE VI AR HL . I FE MRT A A 40 45 XU
JEE [0 [ A A AR T1 A AG (TIWT) | g 15 41 4l
T2 JIACHR I F € [ 35 ) A5ORT B 5 41 ) 2l 28 %67 L 1 5
T HIASURE BE Bl iR . (1) B[] T1 A XL [a] 35 [m]
AR STAR Y 51 < 55 5B )/ 0] 30 B[] R 210/2.2, 4.4
FLEF 36 ~ 44 cm; B E B 7~ 8 mm; 58 L [H] B 1 mm;
FEE 256x128, (2) A ALK T2 AR PR [
JE 1741 - To 55 K/90 ~ 105 #LEF 36 ~ 44 cm; T
JERE 4 mm ; TR SH B 5 B 256 X256 3 X T i 52 4
gk T1 AR B 113 B 4%, A 0.1 mmol/kg By 71 12
Jik S DR LT LR, T S R A 2 ml/s, SR A
LTS A% 0Pk 20 ml #hoK . 23 7E 17~20 s F150 s
P B0 IR J5 2k A5 T 3 am TIWI(EN-T1WI) Ji7 B |
EN-T1WI 5 1 E 4 .

1.3 B as 2t i Y8R E 1 MRI BR 5,
P44 A7 10 4F 25 55 14 W bR i Jg e 569 R4 B2 0 fif F 3D-
Slicer B AF4337E =4~ MRI J¥ %1 ( T2WI ,EN-T1WI fZ
FAA EN-TIWI $8 5 ) & 2 F3h 2 = RCC
E AL AR (Y = 4E (3D) [ g 48 B %R X 55k (ROL)
R T BT RIS N RS A ) 0 i 42 2 S R 3 A At
FIHRRAE , IF F 55 — (0 R 96 B TR 7 LS 2 6] 9T



.36 - I BRI

2023 4E 1 55 36 %5 1] Chin J Clin Res, January 2023, Vol.36, No.1

A, (5 FH 2EL P 4L TR S 43 B3 T3 A 4 P 4B [ A
K ZH(ICC) , B ICC>0.75 (4R AEAE R 1 & 55 4%
R RRIE , T I Sk — 25 i 1t

1.4 Hiefhia A E T BRI IE 6« 4 UL
53 RN GR B AR . fdH Kruskal-Wallis £ 56 i
Ve MRIJF51 % 51 RCC W ) (14 f AR S BT
P<0.05 R 2 A G F5 3C, HH] Countif pRUNTHE
TEFEEIEA T BE , B = AN P9 Y I A S R R . 7R
YR B i — 25 43 B 3 S S AR Al 24 R 1R, R
logsitic [A] =AY PR 22 [A] 1464 740 S A%

1.5 %its % R SPSS 26.0 #4754 4
Mro {8 H Kruskal-Wallis 3F 2 50K 55 23 #1 AS [6] MRI
FEON AR 2R E R 25 572 o BRI F0R | L
X K56 R PR ats o, FUAL S 20 A
R 2501, P<0.05 JERAGITHE X,

2 7 R

2.1 —fEAE 3 ZH RCC WP PR 25 R 4i it
SR (P<0.01) AR R AR 22 R RS i B X
(P>0.05), W#E 1,

22 HBAFHE AU LA R S
1 340 MEARKFHE , Hoh A48 FEAS 5 ML R (MinV {H,
MaxV {H , VolumeNum {E il MeanV {H) , FEIRZ24H1E, —
b 45 fF B J7 B ( Median, histo _ I &, sumEntropy,
HISTO_Energy ) Al B¢ AE [ K B 24 4 4 (GLCM)
LRI AN [R) R % 5 K FE AT R BEJE % (GLRLM) 5 JK
JEE XA B AR [ (GLZIM) ] 25, 3l i Wi 248 07 128 J DA T A6
A RT3 AT R 16 ANRAE, Horh— B REAE Me-
dian , i FFfE GLCM | i B DX 8 /N ( GLSZM) |
JRBEAADCHFE (GLDM) 75 T2WI  TIWT J J57 19 J 4 Jot
WIERA H A B A SE R TN . W3 2,

2.3 BAGE s FIH T2WLL TIWI K2 5 )
R a0 = 22 BB HRAE , il 5 0T logsitic [A] 1743
B 7 R TN ASE Y S aE R R L ROC il £k
TPA X SRR AR A 2R S S BB 1 (3R 3) o 45
SR =R AL A A 48 5] ecRCC,pRCC  cRCC #B
A LS R TN RE 7, Horh TIWI fz J57 1 i 00 452 784 452
T2WI J TIWI 8 i A R SR B A, ROC 42 T
FUCAUC) Y33k 5] 0.85 LU |, 7F X 43 ccRCC 4 Fll
pRCC ZH B}, TIWL Jz Jiz A5 A4, Il 2k 5 AUC 35 %]
0.9651) I, M X 4E 1 AUC 135 5 0.895 (95% CI .
0.757~1.000) , HURK Ky 86.7% , 45 5y 85.7%
TEX 43 pRCC 20 H1 cCRCC 20 I, = 30 F5U 3] 455 754 55 SR
ZHERA,AUC #4355 0.85 DL b, WA 1. & 2,

®1 =FRF RCC R H — bR AL
Tab. 1 Comparison of general data of patients with three
different RCC subtypes

RCCWHR % B/ (Bl) Rl ( %, )M EAR (em, Ts)
ccRCC 46 32/14 59.5x13.4 3.922.0
pRCC 20 20/0 59.7+9.3 5233
cRCC 18 12/6 54.3x13.4 4.4x1.7
X*/F 12.762 1.286 2.111

Py 0.002 0.282 0.128

Fz 2 f#H Kruskal-Wallis #5680 =~ MRI J¥51 1
FAR S RHE e P AH
Tab. 2 The radiomics features and P values of the three MRI

sequences obtained by Kruskal-Wallis test

T2WI TIWI fz it TIWI ## 5t

RRAFISEET (P 1) WI(P ) WP )

— BRI
firstorder_Median 0.019 0.048 0.032
ZBrREE
gradient_glem_Cluster Prominence <0.001 <0.001 0.012
glem_Large Area Low Gray Level <0.001 <0.001 0.002
Emphasis
gldm_Small Dependence High Gray <0.001 <0.001 0.037
Level Emphasis
gldm_Cluster Prominence <0.001 0.003 0.005
gldm_Large Area Emphasis <0.001 0.003 0.021
LLL_glszm_Zone Variance 0.001 <0.001 0.013
HLL_glem_Cluster Prominence 0.001 <0.001 0.024
LLL_glem_Cluster Prominence 0.001 <0.001 0.024
squareroot_glem_Cluster Prominence 0.002  0.001 0.045
squareroot_glszm_Large Area Low Gray 0.002 0.001 <0.001
Level Emphasis
gradient _glszm_ Large Area Low Gray 0.002  0.001  <0.001
Level Emphasis
LLL _ glszm _ Large Area Low Gray 0.004 0.003 0.002
Level Emphasis
LLL_glszm_Large Area Emphasis 0.005 <0.001 0.014
gradient_glszm_Zone Variance 0.013  <0.001 0.015
glszm_Low Gray Level Zone Emphasis  0.013 0.004 0.018

F 3 AR AL 2# R S5 ccRCC pRCC,
cRCC Y2 Wik B

Tab. 3 Diagnostic efficiency of radiomics model of the test set in

differenting ccRCC, pRCC and cRCC

R R

G (%) (%)

27 AUC 95%CI

ccRCC vs pRCC  T2WI 0.833 0.623~0.994 93.3  66.7

ccRCC vs ¢cRCC

pRCC vs ¢cRCC

EN-T1WT jZ i) 0.895
EN-T1WI 5] 0.885
T2WI 0.822
EN-T1WI jz 5] 0.856
EN-T1WI #& 5] 0.766
T2WI 0.857
EN-TIWI jzJii$y] 0.881
EN-T1WI #& 51 0.857

0.757~1.000
0.741~1.000
0.611~0.974
0.684 ~1.000
0.549~0.983
0.636~1.000
0.643~1.000
0.616~0.985

86.7
86.7
86.7
66.7
53.3
100.0
85.7
71.4

85.7
85.7
66.7
100.0
100.0
66.7
100.0
100.0
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Fig. 1 ROC curves of different sequences radiomics models in the training set to discriminate ccRCC, pRCC and ¢RCC
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Fig. 2 ROC curves of different sequence radiomics models in the test set to discriminate ccRCC, pRCC and cRCC
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