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Abstract Objective To evaluate the diagnostic value of ultrasound, radiomics, and their combination for preoperative prediction of
the World Health Organization/International Society of Urological Pathology (WHO/ISUP) nuclear grade in clear cell renal cell carci-
noma (ccRCC) . Methods  Clinical and ultrasound data from 186 pathologically confirmed ccRCC patients at the Affiliated Hospital of
North China University of Science and Technology were retrospectively collected and divided into a training set (n = 131) and an internal
validation set (n = 55) at a7 : 3 ratio. An additional 62 ccRCC patients from the Second Hospital of Tianjin Medical University served
as the external validation set. Model development was performed using the training set,and diagnostic performance was assessed in all
three cohorts. According to the WHO/ISUP grading system, lesions in the training set were classified as low grade (grades I —II ,n = 85)
or high grade (grades -1V ,n = 46) . Ultrasound features with significant between-group differences were identified by univariate ana-
lysis. Tumor boundaries were segmented using 3D-Slicer, and radiomics features were exiracted. Features with poor reproducibility were
excluded using the intraclass correlation coefficient (ICC) . The least absolute shrinkage and selection operator (LASSO) regression was
then applied for feature selection. Multicollinearity analysis was performed to remove highly correlated ultrasound and radiomics features.
Binary logistic regression was used to construct ultrasound , radiomics , and combined models. Predictive performance was evaluated using
receiver operating characteristic curve analysis. Results In the training set,lesion size differed significantly between the low-grade and

high-grade groups (P < 0.05) . After ICC testing, LASSO feature selection,and multicollinearity analysis, five radiomics features were
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retained. The combined model demonstrated the best diagnostic performance, with area under the curve values of 0.815,0.732,and 0.792

in the training, internal validation,and external validation sets,respectively. Conclusion All three models effectively predicted ccRCC

nuclear grade. The combined ultrasound-radiomics model showed the highest diagnostic performance and may provide additional support

for preoperative assessment.

Keywords clear cell renal cell carcinoma; ultrasound; radiomics; combined model
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Tab.1 Comparison of clinical and conventional ultrasound characteristics among patients in the training, internal validation, and exter-
nal validation sets

Training set Internal validation set External validation set

fiem (n=131) (n=55) (n=62) X I r
Age (year) 60.37 + 10.44 62.44 +9.79 61.55 = 10.87 0.836 0435
Sex [n (%) ] 1.132 0.568
Male 93(70.99) 40(72.73) 40 (64.52)
Female 38(29.01) 15(27.27) 22(35.48)
Lesion location [n (%) ] 0.165 0.921
Left 75 (57.25) 30 (54.55) 36 (58.06)
Right 56(42.75) 25(45.45) 26(41.94)
Lesion size [n (%) ] 0.557 0.757
>4 cm 77(58.78) 30(54.55) 38(61.29)
<4cm 54(41.22) 25(45.45) 24(38.71)
Internal echogenicity [n(%) ] 9.954 0.041
Hypoechoic 17(12.98) 9(16.36) 18(29.03)
Isoechoic 65(49.62) 23(41.82) 19(30.65)
Hyperechoic 49 (37.40) 23(41.82) 25(40.32)
Internal composition [n (%) ] 0.990  0.610
Solid 91(69.47) 41(74.55) 41(66.13)
Cystic-solid 40(30.53) 14(25.45) 21(33.87)
Echo homogeneity [n (%) ] 6.975 0.031
Yes 45(34.35) 24(43.64) 13(20.97)
No 86 (65.65) 31(56.36) 49(79.03)
Morphological regularity [n (%) ] 9.199 0.010
Yes 72 (54.96) 32(58.18) 21(33.87)
No 59(45.04) 23(41.82) 41(66.13)
Margin clarity [n (%) ] 0.391 0.822
Yes 93(70.99) 38(69.09) 46(74.19)
No 38(29.01) 17(30.91) 16(25.81)
Extrarenal protrusion (n(%) ] 4.438 0.114
Yes 127(96.95) 49(89.09) 59(95.16)
No 4(3.05) 6(10.91) 3(4.84)
Internal calcification [n (%) ] 2.046 0.373
Yes 7(5.34) 6(10.91) 5(8.06)
No 124 (94.66) 49 (89.09) 57(91.94)
Internal cystic change [n (%) 0.990  0.610
Yes 40(30.53) 14(25.45) 21(33.87)
No 91(69.47) 41(74.55) 41(66.13)
Lesion vascularity [n (%) ] 2.861 0.198
Yes 125(95.42) 54(98.18) 62(100)

No 6(4.58) 1(1.82) 0(0)
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(Z:3R)
Training set Internal validation set External validation set 2
fiem (n=131) (n=55) (n=62) P
Pathological grade [n(%) ] 0.659 0.719
Low-grade tumor 85(64.89) 39(70.91) 42(67.74)
High-grade tumor 46(35.11) 16(29.09) 20(32.26)
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Tab.2 Comparison of clinical and conventional ultrasound characteristics between low-grade and high-grade groups in the training set

Item Low-grade group (n = 85) High-grade group (n = 46) Xt P
Age (year) 59.52 + 11.06 61.93 +9.08 -1.268 0.207
Sex[n (%) ] 0.894 0.345
Male 58 (68.24) 35(76.09)
Female 27(31.76) 11(23.91)
Lesion location [n (%) | 0.747 0.387
Left 51(60.00) 24(52.17)
Right 34(40.00) 22(47.83)
Lesion size [n (%) ] 23232 <0.001
>4 cm 37(43.53) 40(86.96)
<4cm 48(56.47) 6(13.04)
Internal composition [n (%) ] 0.144 0.705
Solid 60(70.59) 31(67.39)
Cystic-solid 25(29.41) 15(32.61)
Margin clarity [n (%) ] 0.446 0.504
Yes 62(72.94) 31(67.39)
No 23(27.06) 15(32.61)
Extrarenal protrusion [n (%) ] 2233 0.135
Yes 81(95.29) 46(100)
No 4(471) 0(0)
Internal calcification [n (%) | 0.000 1.000
Yes 5(5.88) 2(4.35)
No 80(94.12) 44(95.65)
Internal cystic change [n(%) ] 0.144 0.705
Yes 25(29.41) 15(32.61)
No 60(70.59) 31(67.39)
Lesion vascularity [n (%) ] 0.000 1.000
Yes 81(95.29) 44(95.65)
No 4(4.71) 2(4.35)
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A, LASSO coefficient path plot of radiomics features ; B, Optimal \ selection by 10-fold cross-validation.
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Tab.3 Binary logistic regression analysis of combined ultrasound-radiomics features in the training ccRCC cohort
Variable B P OR 95%CI
Original_gldm_DependenceNonUniformityNormalized -0.605 0.046 0.546 0.301-0.989
Original_gldm_LargeDependenceHighGraylLevelEmphasis 0.607 0.026 1.834 1.075-3.129
Wavelet_LLH_firstorder_Maximum 0.236 0.467 1.266 0.670-2.391
Wavelet_LLH_glem_Imc2 -1.175 0.007 0.309 0.131-0.727
Wavelet_LHH_firstorder_Kurtosis 0.422 0.097 1.525 0.926-2.512
Lesion size -1.203 0.032 0.300 0.100-0.899
Constant 0.529 0.498 1.697 -
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Tab.4 Comparison of model performance in the training, internal validation, and external validation sets

Dataset AUC 95%CI Sensitivity (%) Specificity (%) Accuracy (%)

Training set

Ultrasound prediction model 0.717 0.628-0.806 87.0 56.5 67.2

Radiomics prediction model 0.815 0.741-0.889 89.1 61.2 71.0

Combined prediction model 0.839 0.771-0.906 91.3 62.4 72.5
Internal validation set

Ultrasound prediction model 0.644 0.486-0.802 75.0 53.8 60.0

Radiomics prediction model 0.704 0.562-0.845 81.3 56.4 63.6

Combined prediction model 0.732 0.600-0.865 87.5 56.4 65.4
External validation set

Ultrasound prediction model 0.675 0.537-0.813 85.0 50.0 61.3

Radiomics prediction model 0.775 0.656-0.894 90.0 52.4 64.0

Combined prediction model 0.792 0.678-0.906 95.0 52.4 64.0

Sensitivity
Sensitivity

0§ S E—
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1-specificity A
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Sensitivity

0.0 L L L L
00 02 04 06 08 1.0

.0 : : ‘ ‘ ‘
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B

A, training set; B, internal validation; C, external validation.
B2 HERIZGEE. NEPWIESE. MBI IESEROCH 2
Fig.2 ROC curves of the three models in the training, internal validation, and external validation sets
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