[bookmark: _Hlk42113749]Appendix E1 MR image acquisition parameters
   All patients underwent pre-CRT rectal MR examination with a 3T system (Achieva; Philips Healthcare, Best, The Netherlands) equipped with an 8-channel phased array torso coils. Patients did not receive any special bowel preparation before the MR examination. The examination protocol did not change over the four-year study period.
[bookmark: OLE_LINK29][bookmark: OLE_LINK28][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK42][bookmark: OLE_LINK43]   The MRI protocol consisted of the following: (a) standard T2-weighted (T2W) fast spin-echo sequences without fat saturation was performed in three directions. The oblique axial and oblique coronal planes were perpendicular and parallel to the long axis of the tumor as identified on sagittal MRI (TR/TE=3000/80 ms; flip angle= 90°; FOV=18cm×18cm; NSA= 2; slice thickness=3 mm; slice gap=0.3mm). (b) conventional DWI with b value of 0, 1000 s/mm2 were performed in the transverse plane using a single shot echo-planar imaging (SS-EPI) sequence (TR/TE=2750/55 ms; flip angle= 90°; NSA= 2; slice thickness=5 mm; slice gap=0.5mm; FOV=25cm×25cm; matrix=256×256). The motion-sensitive diffusion gradients were applied in three orthogonal (X, Y, and Z) directions. ADC maps were generated automatically in a monoexponential decay model using both two b values. (c)contrast enhanced T1-weighted MR imaging were performed in three direction after intravenous administration of a 0.1 mmol/kg dose of A gadolinium-based agent (Omniscan; GE Healthcare, Ireland). Scan parameters were TR/TE=573/20ms; NSA= 2; slice thickness=5 mm, no slice gap; FOV=25cm×25cm; matrix=256×256.
Abbreviations: TR: repetition time; TE: echo time; FOV: field of view; NSA: number of signal average.

Appendix E2 Radiomics feature extraction methodology
[bookmark: _Hlk38272552][bookmark: OLE_LINK1]  In our study, a total of 3111 imaging features for each patient were extracted, of which 1037 features were from the three examined modalities (T2W, ADC, and cT1W), respectively. All radiomics features were calculated automatically with the Pyradiomics software. The 1037 features could be divided into four categories: (a) 18 first-order statistics features, (b) 14 shape-based 3D features, (c) 75 statistics-based textural features, and (d) 930 wavelet and Laplacian of Gaussian (LoG) filtration features. The detailed information of these features was available in the documentation for PyRadiomics, http://PyRadiomics.readthedocs.io/en/latest/). 
(1) First-order statistics features
First-order statistics describe the distribution of voxel intensities within the image region defined by the mask through commonly used and basic metrics. A total 
of 18 first-order statistics features were extracted. 
(2) shape-based 3D features
In this group of features we included descriptors of the three-dimensional size and shape of the region of interest (ROI). These features are independent from the gray level intensity distribution in the ROI and are therefore only calculated on the non-derived image and mask. We extracted 14 shape-based features in our present study. 
1. statistics-based textural features
Statistics-based textural features can reflect the homogeneity phenomenon of 
[bookmark: _Hlk39223777]the images and the arrangement of the properties that change slowly or periodically on the body surface. Textural features extracted in our study included five types of matrix features, including 24 gray-level co-occurrence matrix (GLCM) features, 16 gray-level run length matrix (GLRLM) features, 16 gray-level size zone matrix (GLSZM) features, 5 Neighbouring Gray Tone Difference Matrix (NGTDM), and 14 gray-level dependence matrix (GLDM) features. Determining the texture matrix representations requires the voxel intensity values within the volume of interest (VOI) to be discretized. Voxel intensities were therefore resampled into equally spaced bins using a bin-width of 25 Hounsfield units. This discretization step not only reduces the image noise but also normalizes the intensities across all patients, allowing for a direct comparison of all the calculated textural features between patients. 
A GLCM describes the distance and angle of each pixel, which calculates the correlation between two gray levels with certain directions and distances. GLCM can reflect integrated information regarding the direction, interval, amplitude, and frequency of the images. As for GLRLM, the run length metrics quantify the gray level runs in an image. A gray level run is defined as the length in the number of pixels and of the consecutive pixels that have the same gray-level value. A GLSZM describes the amount of homogeneous connected areas within the tumor volume, of a certain size and intensity, thus reflecting the tumor heterogeneity at a regional scale. 
1. wavelet and LoG filtration features 
Two image filters, wavelet and LoG were applied to original image respectively and yield a corresponding derived image. 
A LoG spatial band-pass filter was used to derive image features at different spatial scales by turning the filter parameter with 3.0 and 5.0. 
Wavelet transformation effectively decouples the textural information by decomposing the original image in low- and high-frequencies. In our present study, a discrete, one-level and undecimated three-dimensional wavelet transformation was applied to each MRI image, which decomposed the original image into 8 decompositions. Consider L and H to be low-pass and high-pass functions, respectively, X to be the decomposing image, and the wavelet decompositions of X to be labeled as XLLL,XLLH,XLHL,XLHH,XHLL,XHLH,XHHL,XHHH. Then, eight new images that are decomposed in three directions (x, y, z) can be obtained. Since the applied wavelet decomposition is undecimated, the size of each decomposition is equal to the original image and each decomposition is shift invariant. Thus, the original tumor delineation of the tumor volume can be applied directly to the decompositions after wavelet transformation. For each decomposition and LoG filtration, we computed the first-order statistical features and the statistics-based textural features, therefore, 93*10=930 wavelet and LoG filtration features were obtained.

Appendix E3 The Statistical Analysis and Packages of R Software 
   The ROC curves were plotted using the “pROC” package. Kaplan-Meier curve, nomogram construction and calibration plot were analyzed using the "rms" and "survival" packages. The Hosmer-Lemeshow test was performed using the " Resource Selection" package. DCA was performed with the function of “dca.R”. All statistical tests were two-sided, and P values of <0.05 were considered significant.

Appendix E4 Radiomics score calculation formula
(1) The T2-w images based Rad-score was calculated for every patient based on the features as follows:
[bookmark: _Hlk39669273]T2W Rad-score=-0.4600×T2w_original_glszm_SizeZoneNonUniformityNormalized
(2) The ADC images based Rad-score was calculated for every patient based on the features as follows:
[bookmark: _Hlk39669026][bookmark: _Hlk41214999]ADC Rad-score=0.2197×ADC_wavelet.HHL_firstorder_Skewness-0.5212×ADC_wavelet.HHH_glrlm_HighGrayLevelRunEmphasis

(3) The cT1W images based Rad-score was calculated for every patient based on the features as follows:
[bookmark: _Hlk39669155]cT1W Rad-score=-0.51408×cT1W_wavelet.LLH_glszm_ZoneEntropy+0.41124×cT1W_wavelet.HLL_glszm_SmallAreaLowGrayLevelEmphasis

















	Table S1 

	Univariate analysis of DFS in the training cohort

	Characteristics
	Hazard ratio (95% CI)
	P Value

	Age (> 45 vs. ≤ 45y)
	1.099(0.462-2.619)
	0.829

	Gender (male vs. female)
	1.058(0.562-1.991)
	0.862

	Tumor differentiation
	
	

	Well and moderate
	Ref
	

	[bookmark: _Hlk39676574]Poor
	2.753(1.374-5.519)
	0.009

	Pre-CRT CEA (≤5 vs. >5)
	1.572(0.835-2.959)
	0.157

	Pre-CRT CA199(≤20 vs. >20) 
	2.205(1.185-4.101)
	0.014

	Clinical stage (%)
	
	

	II
	Ref
	

	III
	1.812(0.559-5.877)
	0.281

	Clinical T stage
	
	

	T3
	Ref
	

	T4a
	1.933(1.008-3.707)
	0.047

	T4b
	2.222(0.662-7.458)
	0.196

	Clinical N stage 
	

	N0
	Ref

	N1
	1.476(0.341-6.389)
	0.603

	N2
	3.314(0.776-14.140)
	0.106

	Pathologic T stage
	
	

	pT0
	Ref
	

	pT1
	0 (0–∞)
	0.997

	pT2
	1.859(0.444-7.780)
	0.396

	pT3
	2.673(0.709-10.081)
	0.147

	pT4
	4.310(1.297-14.327)
	0.017

	Pathologic N stage
	
	

	pN0
	Ref
	

	pN1a
	2.398(0.683-8.419)
	0.172

	pN1b
	4.843(2.164-10.841)
	0.0001

	pN1c
	2.264(0.511-10.039)
	0.282

	pN2a
	6.316(2.053-19.425)
	0.001

	pN2b
	4.537(1.806-11.399)
	0.001

	Pathologic LVI
	
	

	pLVI(-)
	Ref
	

	[bookmark: _Hlk39676888]pLVI(+)
	2.188(1.141-4.195)
	0.025

	Pathologic PNI
	
	

	pPNI(-)
	Ref
	

	pPNI(+)
	1.524(0.597-3.892)
	0.403

	Mandard TRG
	
	

	1
	Ref
	

	2
	1.974(0.534-7.295)
	0.308

	3
	3.104(0.884-10.900)
	0.077

	4
	4.779(1.371-16.655)
	0.014

	5
	8.311(0.862-80.104)
	0.067

	Adjuvant chemotherapy
	
	

	No
	Ref
	

	Yes
	0.695(0.371-1.301)
	0.261

	[bookmark: _Hlk39679023]Radscore (low vs. high)
	2.332(1.598-3.405)
	6.766E-06




































	Table S2

	Clinicopathological Characteristics of Patients with LARC according to the Radiomics nomogram in the Training cohort and Validation cohort

	Characteristics
	Training cohort
	
P value
	Validation cohort
	
P value

	
	Low-risk group 
(n=71)
	High-risk group (n=60)
	
	Low-risk group 
(n=27)
	High-risk group (n=28)
	

	Age, mean ± SD, years
	54.45±10.10
	53.78±10.75
	0.715a
	51.37±11.74
	54.07±11.06
	0.384a

	Gender (%)
	
	
	0.794b
	
	
	0.200b

	Male
	41(57.7%)
	36(60.0%)
	
	19(70.4%)
	15(53.6%)
	

	Female
	30(42.3%)
	24(40.0%)
	
	8(29.6%)
	13(46.4%)
	

	Tumor differentiation (%)
	
	
	0.000b*
	
	
	0.023c*

	Well and moderate
	69(97.2%)
	42(70.0%)
	
	27(100.0%)
	22(78.6%)
	

	Poor
	2(2.8%)
	18(30.0%)
	
	0(0)
	6(21.4%)
	

	Pre-CRT CEA (%)
	
	
	0.417b
	
	
	0.703b

	≤5(Normal)
	37(52.1%)
	27(45.0%)
	
	17(63.0%)
	19(67.9%)
	

	>5(Abnormal)
	34(47.9%)
	33(55.0%)
	
	10(37.0%)
	9(32.1%)
	

	Pre-CRT CA199(%)
	
	
	0.732b
	
	
	0.271b

	≤20(Normal)
	47(62.2%)
	38(63.3%)
	
	21(77.8%)
	18(64.3%)
	

	>20(Abnormal)
	24(37.8%)
	22(36.7%)
	
	6(22.2%)
	10(35.7%)
	

	Clinical stage (%)
	
	
	0.212b
	
	
	1.000c

	II
	11(15.5%)
	5(8.3%)
	
	3(11.1%)
	4(14.3%)
	

	III
	60(84.5%)
	55(91.7%)
	
	24(88.9%)
	24(85.7%)
	

	Clinical T stage (%)
	
	
	0.113c
	
	
	0.870c

	T3
	52(73.2%)
	34(56.7%)
	
	21(77.8%)
	20(71.4%)
	

	T4a
	17(23.9%)
	21(17.4%)
	
	5(18.5%)
	7(25.0%)
	

	T4b
	2(3.8%)
	5(8.3%)
	
	1(3.7%)
	1(3.6%)
	

	Clinical N stage (%)
	
	
	0.001b*
	
	
	0.102c

	N0
	8(11.3%)
	4(6.7%)
	
	4(14.8%)
	3(10.7%)
	

	N1
	48(67.6%)
	25(41.7%)
	
	17(63.0%)
	11(39.3%)
	

	N2
	15(21.1%)
	31(51.7%)
	
	6(22.2%)
	14(50.0%)
	

	Pathological T stage (%)
	
	
	0.071c
	
	
	0.096c

	pT0
	17(23.6%)
	7(11.9%)
	
	5(18.5%)
	3(10.7%)
	

	pT1
	3(4.2%)
	1(1.7%)
	
	1(3.7%)
	0(0.0%)
	

	pT2
	11(15.3%)
	10(16.9%)
	
	5(18.5%)
	2(7.1%)
	

	pT3
	18(25.0%)
	10(16.9%)
	
	8(29.6%)
	5(17.9%)
	

	pT4
	25(31.9%)
	31(52.5%)
	
	8(29.6%)
	18(64.3%)
	

	Pathological N stage (%)
	
	
	0.000c*
	
	
	0.001c*

	pN0
	57(80.3%)
	22(36.7%)
	
	20(74.1%)
	8(28.6%)
	

	pN1a
	4(5.6%)
	5(8.3%)
	
	3(11.1%)
	3(10.7%)
	

	pN1b
	6(8.5%)
	13(21.7%)
	
	4(14.8%)
	5(17.9%)
	

	pN1c
	2(2.8%)
	4(6.7%)
	
	0(0.0%)
	2(7.1%)
	

	pN2a
	2(2.8%)
	5(8.3%)
	
	0(0.0%)
	5(17.9%)
	

	pN2b
	0(0.0%)
	11(18.3%)
	
	0(0.0%)
	5(17.9%)
	

	Pathological LVI (%)
	
	
	0.251b
	
	
	0.143c

	pLVI(-)
	58(81.7%)
	44(73.3%)
	
	25(92.6%)
	21(75.0%)
	

	pLVI(+)
	13(18.3%)
	16(26.7%)
	
	2(7.4%)
	7(25.0%)
	

	Pathological PNI (%)
	
	
	0.083b
	
	
	[bookmark: OLE_LINK4]0.236c

	pPNI(-)
	61(85.9%)
	57(95.0%)
	
	25(100.0%)
	25(89.3%)
	

	pPNI(+)
	10(14.1%)
	3(5.0%)
	
	2(0.0%)
	3(10.7%)
	

	Mandard TRG
	
	
	0.074c
	
	
	0.143c

	1
	17(23.9%)
	7(11.7%)
	
	5(18.5%)
	2(7.1%)
	

	2
	25(35.2%)
	14(23.3%)
	
	7(25.9%)
	9(32.1%)
	

	3
	17(23.9%)
	21(35.0%)
	
	11(40.7%)
	6(21.4%)
	

	4
	12(16.9%)
	17(28.3%)
	
	4(14.8%)
	10(35.7%)
	

	5
	0(0.0%)
	1(1.7%)
	
	0(0.0%)
	1(3.6%)
	

	Adjuvant chemotherapy
	
	
	0.197b
	
	
	0.090b

	no
	29(40.8%)
	18(30.0%)
	
	5(18.5%)
	11(39.3%)
	

	yes
	42(59.2%)
	42(70.0%)
	
	22(81.5%)
	17(60.7%)
	

	Follow-up time (mo)
	
	
	
	
	
	

	Median†
	48(42-56)
	31.5(14.25-44.50)
	
	47(41-58)
	42(11.75-51.75)
	

	Maximum
	81
	82
	
	82
	74
	

	Abbreviations: CEA, carcinoembryonic antigen; ypTN, the pathological classification after neoadjuvant chemoradiotherapy; 
LVI, lymphovascular invasion; PNI, perineural invasion;
astudent t test, bPearson’s Chi-squared test; cFisher's Exact Test. 
†Data in parentheses are interquartile ranges. *P < 0.05.











Figure S1. Kaplan-Meier survival curves of disease-free survival (DFS) between high-risk and low-risk groups stratified by different clinicopathological variables. 
Figure S2. ROC curves comparing the predictive power of three models for disease-free survival (DFS) at 1-year (A-B), 2-year (C-D) and 3-year (E-F) in the training and validation cohorts. ROC, receiver operator characteristic; AUC, area under the curve.
Figure S3. Disease-free survival (DFS), Distant metastasis-free survival (DMFS), and overall survival (OS) Kaplan–Meier survival curves between adjuvant chemotherapy (AC) and without AC within the whole 186 patients.
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