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Appendix S1. The detailed CT parameters
Our hospital uses the following multidetector CT scanners: GE Lightspeed 64 (Ge Healthcare Chicago, Il, USA), Siemens Sensation 16 (Siemens Healthineers, Erlangen, Germany) and Siemens Definition 64 (Siemens Healthineers). The parameters were as follows: tube voltage 120 kVp, tube current 150–200 mA, Pixel size, 0.4-1.0mm, slice thickness 5 mm, interval thickness 5 mm, and nonionic contrast media iomeperol at a rate of 3.0 ml/s with a dose of 1.3 ml/kg. A 100-Hu threshold of the abdominal aorta at the celiac artery was taken as the baseline, then the arterial phase was examined 15-30 s after the unenhanced phase.

Appendix S2. The details about tumor segmentation
Arterial-phase CT images of the patients with ccRCC were analyzed. The regions of interest (ROIs) for ccRCC were identified by two experienced radiologists. The internal area of the tumor (IAT) encompasses the entire tumor volume, delineated layer by layer along its border. Previous research [1], has demonstrated that a 5mm region surrounding the tumor can provide valuable insights into the heterogeneity of ccRCC. In accordance with this study, the peritumoral ROIs were obtained by uniformly automatedly expanding the IAT, resulting in the acquisition of the intratumoral and peritumoral area of the tumor (IPAT), which included both the IPAT 3mm and IPAT 5mm regions. The primary advantage of this automatic process is the reduction of manual intervention in PAT segmentation, thereby ensuring consistency and reproducibility. However, expanding the ROI by 3 mm or 5 mm from the tumor's inner boundary may lead to the ROI extending beyond the abdominal wall or encroaching into areas outside the abdominal cavity in the case of larger tumors. Consequently, following the automatic delineation process, it is essential to review and manually adjust the ROI area that extends beyond the abdominal wall, ensuring that it remains confined within the abdominal cavity.
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1. Zhou Z, Qian X, Hu J, et al. CT-based peritumoral radiomics signatures for malignancy grading of clear cell renal cell carcinoma. Abdom Radiol (NY) 2021;46(6): 2690-2698.

Appendix S3. The details about the extracted features
To obtain more high-throughput features, Wavelet filter, Laplacian of Gaussian filters (LoG), Square, Logarithm, Square-Root, Gradient Exponential and Local Binary Pattern 2D/3D (LBP) ﬁlters were used to transform the normalized CT images. Then, the ﬁrst-order features and texture features, including the gray-level size zone matrix (GLSZM), graylevel co-occurrence matrix (GLCM), neighborhood graytone difference matrix (NGTDM), gray-level dependence matrix (GLDM) and gray-level run length matrix (GLRLM), were extracted from the transformed images. 1834 features were extracted for each type of ROI, and each patient had a total of 3 types of ROI, totaling 5502 features.

Appendix S4. The details about the SSIGN score
The SSIGN score was calculated as 1 (pT2 tumors) + 2 (pT3a) + 2 (pT3b, pT3c) + 2 (pN1 and pN2) + 2 (tumor size ≥5 cm) + 1 (grade 3) + 3 (grade 4) + 2 (necrosis), and 0 otherwise. Patients with 0 to 2 scores are considered low risk, those with 3 to 5 scores are considered intermediate risk, and patients with 6 or more scores are considered high risk [2].
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Appendix S5. The specific Radscore formulas for three radiomics models
The formula of IAT model for the Radscore was as follows: Radscore=0.04576589+exponential_gldm_DependenceNonUniformit×0.33590635+ lbp_3D_k_glrlm_RunVariance×0.09023009+lbp_3D_k_ngtdm_Busyness×0.03811079+lbp_3D_m1_glrlm_LongRunLowGrayLevelEmphasis×0.16156474+original_shape_MajorAxisLength×0.22560263.

The formula of IPAT 3mm model for the Radscore was as follows: Radscore= 0.04841142+exponential_gldm_DependenceNonUniformity×0.09702256+lbp_3D_k_glrlm_RunVariance×0.38726206+lbp_3D_m2_glszm_SizeZoneNonUniformity×0.02218369+log_sigma_3_0_mm_3D_ngtdm_Busyness×0.06583922+original_shape_MajorAxisLength×0.18444013.

The formula of IPAT 5mm model for the Radscore was as follows: Radscore=0.04791017+exponential_gldm_DependenceNonUniformity×0.05497542+
lbp_3D_k_glrlm_LongRunHighGrayLevelEmphasis×0.10541232+lbp_3D_k_glrlm_RunVariance×0.35393983+log_sigma_3_0_mm_3D_ngtdm_Busyness×0.12757719+
original_shape_MajorAxisLength×0.03402695+original_shape_Maximum2DDiameterRow×0.09121462




Table S1. The Comparison of different Radiomics model performance.
	
	Training Set
	
	Internal validation Set
	
	External validation Set

	Model
	C-index
	95% CI
	P value
	
	C-index
	95% CI
	P value
	
	C-index
	95% CI
	P value

	IPAT 5mm
	0.799
	0.720-0.878
	-
	
	0.924
	0.878-0.969
	-
	
	0.952
	0.873-1.033
	-
	

	IPAT 3mm
	0.801
	0.725-0.878
	0.581
	
	0.923
	0.876-0.969
	0.800
	
	0.944
	0.853-1.032
	0.608

	IAT
	0.823
	0.754-0.893
	0.001
	
	0.915
	0.862-0.968
	0.539
	
	0.920
	0.829-0.993
	0.230


IAT, Internal area of the tumor; IPAT 3mm, intratumoral and peritumoral 3mm area of the tumor; IPAT 5mm, intratumoral and peritumoral 5mm area of the tumor. P value was compared with IPAT 5mm model.
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Table S2: Performance of Fusion model and SSIGN model.
	
	Training set
	
	Internal validation set
	
	External validation set

	
	C-index
	95% CI
	P value
	
	C-index
	95% CI
	P value
	
	C-index
	95% CI
	P value

	Fusion model
	0.897
	0.853-0.941
	-
	
	0.938
	0.905-0.971
	-
	
	0.904
	0.819-0.989
	-

	SSIGN model
	0.854
	0.794-0.916
	
	
	0.886
	0.850-0.921
	<0.001
	
	0.912
	0.841-0.982
	0.687


SSIGN, the Stage, Size, Grade, and Necrosis. P value was compared between fusion model and SSIGN model 

Supplementary figures
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Fig. S1 Boxplot of Radscore derived from the IPAT 5mm model for predicting recurrence in ccRCC patients: (A) training set, (B) internal validation set, (C) external validation set.
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Fig. S2 Calibration curves for the nomogram in the training set (A) and internal validation set (B).
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Fig. S3 Kaplan-Meier survival curves of different risk categories predicted by the nomogram in various subgroups: (A) low grade, (B) high grade, (C) intermediate-high risk group defined by SSIGN, (D) low risk group defined by SSIGN, (E) tumors larger than 4 cm, (F) tumors smaller than 4 cm.
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