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Supplementary

Appendix 1 Radiomics quality score results of this study
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Appendix 2 Computational formulas for RS-CMP, RS-NP, RS-NCP, and RS-Triphasic

1. RS-CMP=–1.3951 – 0.0762*lbp.3D.m1_firstorder_Skewness_A + 0.1142*log.sigma.1.0.mm.3D_glszm_
SmallAreaEmphasis_A – 0.0083*log.sigma.2.0.mm.3D_glcm_Imc2_A + 0.0684*log.sigma.4.0.mm.3D_glszm_
LargeAreaLowGrayLevelEmphasis_A + 0.1061*log.sigma.5.0.mm.3D_firstorder_Maximum_A + 0.0025*log.
sigma.5.0.mm.3D_glcm_Idmn_A + 0.2346*log.sigma.5.0.mm.3D_glrlm_RunVariance_A –0.1811*logarithm_glcm_
InverseVariance_A + 0.0286*logarithm_ngtdm_Complexity_A – 0.0791*original_shape_Flatness_A – 0.1274*wavelet.HH_
firstorder_Median_A + 0.0221*wavelet.LH_glcm_Idn_A –0.4767*wavelet.LH_gldm_SmallDependenceLowGrayLevelEmph
asis_A + 0.0072*wavelet.LL_glcm_JointEnergy_A + 0.0667*wavelet.LL_glcm_MaximumProbability_A + 0.0275*wavelet.LL_
glrlm_RunVariance_A
 
2. RS-NP=–1.3208 + 0.1426*exponential_glszm_LargeAreaEmphasis_V + 4.55E–05*exponential_glszm_
LargeAreaLowGrayLevelEmphasis_V + 0.0322*lbp.3D.k_glcm_ClusterProminence_V + 0.0147*lbp.3D.k_glszm_
LargeAreaHighGrayLevelEmphasis_V + 0.0306*log.sigma.1.0.mm.3D_glszm_LargeAreaLowGrayLevelEmphasis_
V  +  0 . 1 0 5 * l o g . s i g m a . 2 . 0 . m m . 3 D _ f i r s t o r d e r _ M e d i a n _ V  +  0 . 0 1 5 7 * l o g . s i g m a . 4 . 0 . m m . 3 D _ g l s z m _
LargeAreaLowGrayLevelEmphasis_V + 0.1125*log.sigma.5.0.mm.3D_firstorder_Maximum_V + 0.0949*logarithm_ngtdm_
Busyness_V + 0.1612*square_glcm_Idmn_V + 0.1136*wavelet.LH_gldm_DependenceNonUniformityNormalized_V – 
0.0708*wavelet.LH_gldm_DependenceVariance_V –0.0466*wavelet.LL_firstorder_Minimum_V + 0.0558*wavelet.LL_
glszm_LargeAreaEmphasis_V
 
3. RS-NCP=–1.3276 + 0.0399*lbp.2D_glszm_ZoneVariance_P + 4.58E–16*lbp.3D.m1_glszm_ZoneVariance_P + 
3.36E–16*lbp.3D.m2_glszm_ZoneVariance_P + 0.0675*log.sigma.1.0.mm.3D_firstorder_Kurtosis_P + 0.1227*log.
sigma.3.0.mm.3D_glcm_Idmn_P + 0.0686*logarithm_glcm_ClusterProminence_P + 0.0195*original_glcm_Idmn_P + 
0.1169*original_glcm_Idn_P – 0.2946*original_shape_Sphericity_P + 0.0917*wavelet.HH_glszm_ZoneVariance_P + 
0.0467*wavelet.LH_firstorder_Mean_P
 
4. RS-Triphasic = –1.4321 + 0.0467*lbp.3D.k_ngtdm_Contrast_A – 0.0095*lbp.3D.m1_firstorder_Skewness_A 
–0.0265*lbp.3D.m2_firstorder_10Percentile_A + 0.1603*log.sigma.1.0.mm.3D_glszm_SmallAreaEmphasis_A + 0.0299*log.
sigma.4.0.mm.3D_glszm_LargeAreaLowGrayLevelEmphasis_A + 0.2068*log.sigma.5.0.mm.3D_glrlm_RunVariance_A 
–0.2185*logarithm_glcm_InverseVariance_A –0.0539*wavelet.HH_firstorder_Median_A –0.3168*wavelet.LH_gldm_Sm
allDependenceLowGrayLevelEmphasis_A + 0.017*lbp.3D.k_glcm_ClusterProminence_V + 0.1833*wavelet.LH_gldm_
DependenceNonUniformityNormalized_V –0.0331*wavelet.LL_firstorder_Minimum_V + 0.0043*wavelet.LL_glrlm_
ShortRunHighGrayLevelEmphasis_V + 0.0637*gradient_glszm_SmallAreaLowGrayLevelEmphasis_P + 0.0693*log.
sigma.1.0.mm.3D_firstorder_Kurtosis_P –0.0215*log.sigma.2.0.mm.3D_glszm_GrayLevelNonUniformityNormalized_P + 
0.0066*log.sigma.5.0.mm.3D_firstorder_Entropy_P + 0.058*logarithm_glcm_ClusterProminence_P + 0.1107*logarithm_
glcm_Correlation_P + 0.0837*original_glcm_MaximumProbability_P + 0.0973*original_gldm_DependenceVariance_
P –0.261*original_shape_Sphericity_P – 0.0702*squareroot_glcm_ClusterShade_P + 0.0149*squareroot_glcm_Idn_P + 
0.0446*wavelet.LH_firstorder_Mean_P
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Figure S1 Correlation heatmap of the selected radiomics features from the CMP images. CMP, corticomedullary phase.
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Figure S2 Correlation heatmap of the selected radiomics features from the NP images. NP, nephrographic phase. 
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Figure S3 Correlation heatmap of the selected radiomics features from the NCP images. NCP, non-contrast phase.
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Figure S4 Correlation heatmap of the selected radiomics features the from triphasic images. 
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Table S1 CT acquisition parameters

Device
Discovery 750 HD, GE 

Healthcare
Siemens Sensation 16

SOMATOM Definition Flash system, Siemens 
Medical Systems

Sequence Axial Axial Axial

Tube voltage (kVp) 120–140 120 110–120

Tube current (mAs) 220–300 150 50–150

Gantry rotation time (s) 0.5 0.5 0.5

Detector collimation (mm) 64×0.625 16×1.5 128×0.6

Matrix 512×512 512×512 512×512

Slice thickness (mm) 5.0 1.0 1.0

Hospitals a, b, c a, c a, b

a, The First Affiliated Hospital of Chongqing Medical University; b, The Second Affiliated Hospital of Chongqing Medical University; c, 
Yongchuan Hospital of Chongqing Medical University. CT, computed tomography.

Figure S5 ROC curves of the clinical model in the training, 
and internal and external testing sets. ROC, receiver operating 
characteristic; AUC, area under the curve.
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Table S2 Types of extracted radiomics features

First order statistics

Shape-based (3D)

Shape-based (2D)

Gray-level co-occurrence matrix (GLCM)

Gray-level run-length matrix (GLRLM)

Gray-level size-zone matrix (GLSZM)

Gray-level dependence matrix (GLDM)

Neighboring gray-tone difference matrix (NGTDM)

The radiomics features were extracted from both original images 
and derived images that were obtained by applying filters. 

Table S3 Multivariable logistic regression results for the clinical variates

Variate
Full multivariate model Reduced multivariate model

Coefficient OR (95% CI) P value Coefficient OR (95% CI) P value

Intercept 0.28 1.32 (0.23–7.57) 0.76 −0.20 0.82 (0.27–2.50) 0.73 

Age −0.02 0.98 (0.96–1.00) 0.06 −0.02 0.98 (0.97–1.00) 0.06 

Sex −0.37 0.69 (0.46–1.06) 0.09 −0.38 0.68 (0.45–1.03) 0.07 

BMI −0.02 0.98 (0.92–1.04) 0.48 – – –

Intratumoral necrosis −0.63 0.53 (0.33–0.87) 0.01 −0.62 0.54 (0.33–0.88) 0.01 

Tumor size 0.37 1.45 (1.26–1.68) <0.001 0.34 1.40 (1.26–1.55) <0.001

Clinical T stage ≥2 −0.30 0.74 (0.34–1.63) 0.45 – – –

Clinical N1 stage −1.29 0.28 (0.04–1.71) 0.17 – – –

Clinical M1 stage 15.41 – 0.98 – – –

OR, odds ratio; CI, confidence interval; BMI, body mass index.


