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I: Supplementary Tables
	Supplementary Table E1. List of the histological calculator of radiation-induced colorectal injury (RCI) score

	Items
	Histological features
	Score

	Large intestinal glands atrophy
	Normal
	0

	
	Mild gland atrophy with crypt disarray
	1

	
	Moderate mucosal gland atrophy with crypt distortion
	2

	
	Severely mucosal gland atrophy with crypt dropout or loss
	3

	Muscularis mucosa integrity
	Normal
	0

	
	Partial fibrosis or rupture
	1

	
	Complete fibrosis or disappearance
	2

	Intestinal fibrosis
	No fibrosis (normal)
	0

	
	Obvious fibrosis in the submucosa or subserosa
	1

	
	Fibrosis replacing part of the muscular propria
	2

	
	Septa through the muscular propria and an increase in subserosa collagen
	3

	
	Significant transmural scar and marked subserosa collagen
	4

	Vascular stenosis
	Normal
	0

	
	less than 50%
	1

	
	50%-75%
	2

	
	76%-above
	3

	Inflammatory infiltration
	Normal
	0

	
	focal distribution
	1

	
	Mucosa and submucosa extensive distribution
	2

	Mucosal edema
	Normal
	0

	
	Mucosal edema
	1





	Supplementary Table E2. Consistency between double assessments for the RCI score

	
	Variable
	Dr. MF.X
	Dr. QY
	ICC
	95% CI

	Large intestinal glands atrophy
	Distal
	1.72 ± 0.71
	1.70 ± 0.72
	0.862
	0.830-0.888

	
	Proximal
	1.22 ± 0.60
	1.17 ± 0.58
	0.935
	0.920-0.948

	Muscularis mucosa integrity
	Distal
	0.68 ± 0.61
	0.73 ± 0.65
	0.816
	0.773-0.815

	
	Proximal
	0.85 ± 0.61
	0.89 ± 0.64
	0.905
	0.882-0.923

	Intestinal fibrosis
	Distal
	2.09 ± 0.64
	2.09 ± 0.65
	0.928
	0.911-0.941

	
	Proximal
	1.61 ± 0.82
	1.63 ± 0.82
	0.918
	0.899-0.933

	Vascular stenosis
	Distal
	1.63 ± 0.68
	1.61 ± 0.67
	0.837
	0.798-0.868

	
	Proximal
	1.22 ± 0.78
	1.19 ± 0.77
	0.897
	0.873-0.917

	Inflammatory infiltration
	Distal
	0.93 ± 0.49
	0.94 ± 0.48
	0.805
	0.759-0.842

	
	Proximal
	0.95 ± 0.59
	0.97 ± 0.60
	0.864
	0.810-0.875

	Mucosal edema
	Distal
	0.26 ± 0.45
	0.25 ± 0.43
	0.861
	0.829-0.887

	
	Proximal
	0.43 ± 0.50
	0.43 ± 0.50
	0.894
	0.869-0.914

	The RIC total score (Distal+ Proximal)

	13.59 ± 3.40
	13.60 ± 3.37
	0.951
	0.940-0.960

	Data are expressed as mean ± standard deviation, RCI = radiation-induced colorectal injury.





	Supplementary Table E3. Clinical characteristics of patients in the primary and validation cohort of this study

	
	Primary cohort 
(n = 245)
	Validation cohort, 
(n = 105)
	P

	Age (< 65 years/≥ 65 years)
	158 (64.5)/87 (35.5)
	65 (61.9)/40 (38.1)
	0.716

	Sex (Male/Female)
	179 (73.1)/66 (26.9)
	64 (61.0)/41 (39.0)
	0.031

	BMI (< 18.5/≥ 18.5)
	22 (9.0)/223 (91.0)
	8 (7.6)/97 (92.4)
	0.836

	Drinking
	104 (42.4)/141 (57.6)
	36 (34.3)/69 (65.7)
	0.190

	Smoking
	114 (46.5)/131 (53.5)
	28(26.7)/77(73.3)
	0.001

	Diabetes 
	24 (9.8)/221 (90.2)
	9 (8.6)/96 (91.4)
	0.843

	Hypertension
	53 (21.6)/192 (78.4)
	22 (21.0)/83 (79.0)
	0.887

	pT Stage (T0-2/T3-4)
	121 (49.4)/124 (50.6)
	48 (45.7)/57 (54.3)
	0.561

	pN Stage (N0/N+)
	191 (78.0)/54 (22.0)
	81(77.1)/24 (22.9)
	0.889

	pM stage (M0/M1)
	230 (93.9)/15 (6.1)
	93 (88.6)/12 (11.4)
	0.124

	ypTNM Stage (0-II /III-IV)
	183 (73.4)/63 (25.7)
	76 (72.4)/29 (27.6)
	0.791

	TRG (0/1-3)
	51 (20.8)/194 (79.2)
	25 (23.8)/80 (76.2)
	0.572

	Neoadjuvant chemotherapy (XELOX/Others)
	178 (72.7)/67 (27.3)
	78 (74.3)/27 (25.7)
	0.794

	Neoadjuvant radiotherapy (25Gy,5F/50.4Gy,25F)
	44 (18.0)/201 (82.0)
	26 (24.8)/79 (75.2)
	0.148

	Interval time from radiotherapy to surgery (< 10 weeks/ ≥ 10 weeks)
	34 (13.9)/211 (86.1)
	16 (15.2)/89 (84.8)
	0.741

	Tumor Location (Low/Mid-Upper)
	151 (61.6)/94 (38.4)
	60 (57.1)/45 (42.9)
	0.475

	Intraoperative bleeding (mean ± SD, mL)
	59 ± 61
	73 ± 122
	0.229

	Length of surgery (mean ± SD, min)
	261 ± 90
	265 ± 85
	0.612

	Total lymph nodes harvested (LNs < 12/LNs ≥ 12)
	147 (60.0)/98 (40.0)
	64 (61.0)/41 (39.0)
	0.905

	Surgical approach (Open/MIS)
	18 (7.3)/227 (92.7)
	6 (5.7)/99 (94.3)
	0.652

	Ileostomy
	133 (54.3)/112 (45.7)
	64 (61.0)/41 (39.0)
	0.290

	Anastomotic failure
	66 (26.9)/179 (73.1)
	26 (24.8)/79 (75.2)
	0.694

	BMI = body mass index, AJCC = The American Joint Committee on Cancer, TRG = tumor regression grade, XELOX = capecitabine plus oxaliplatin, F= fractions, SD = standard deviation, LN = lymph node, MIS = minimally invasive surgery.





	Supplementary Table E4. Multicollinearity assessment in the nomogram based on the RCI score

	Predictors
	Collinearity Statistics

	
	Tolerance
	Variance inflation factor

	BMI (BMI<18.5 vs. BMI ≥18.5)
	0.995
	1.005

	Tumor location (Low vs. Mid-Upper)
	0.960
	1.042

	Neoadjuvant radiotherapy (Long-course vs. Short-course)
	0.961
	1.041

	The RCI score
	0.964
	1.038

	BMI = body mass index, RCI = radiation-induced colorectal injury.





	Supplementary Table E5. Univariate and multivariate logistic regression of AF without the RCI score

	
	Univariate
	Multivariate

	
	OR (95%CI)
	P
	OR (95%CI)
	P

	Age (<65years/≥ 65years)
	2.288(1.196-4.376)
	0.012
	NA
	NA

	Sex (Male/Female)
	1.944(0.963-3.923)
	0.064
	
	

	BMI (<25/≥25)
	3.055(1.255-7.434)
	0.014
	3.206(1.100-8.322)
	0.032

	Smoking
	1.182(0.670-2.088)
	0.563
	
	

	Drinking
	1.429(0.811-2.518)
	0.217
	
	

	Diabetes
	0.358(0.103-1.244)
	0.358
	
	

	Hypertension
	1.543(0.801-2.972)
	0.195
	
	

	pT Stage (T0-2/T3-4)
	0.952(0.541-1.674)
	0.864
	
	

	pN Stage (N0/N+)
	0.826(0.410-1.662)
	0.591
	
	

	M stage (M0/M1)
	0.399(0.088-1.818)
	0.235
	
	

	AJCC Stage (0-II /III-IV)
	0.714(0.364-1.403)
	0.329
	
	

	TRG (0/1-3)
	0.695(0.333-1.452)
	0.333
	
	

	Neoadjuvant chemotherapy (XELOX/Others)
	1.005(0.533-1.894)
	0.987
	
	

	Neoadjuvant radiotherapy (50.4Gy,25F/25Gy,5F)
	6.239(1.861-20.193)
	0.003
	6.424(1.693-24.37)
	0.006

	Interval time from radiotherapy to surgery
 (<10 weeks/≥10 weeks)
	3.306(1.571-6.960)
	0.002
	2.895(1.226-6.835)
	0.015

	Tumor Location (Low/Mid-Upper)
	3.804(1.906-7.593)
	0.001
	3.604(1.683-7.718)
	0.001

	Intraoperative bleeding (mean ± SD, ml)
	0.997(0.993-1.002)
	0.302
	
	

	Length of surgery (mean ± SD, min)
	0.999(0.996-1.003)
	0.705
	
	

	Total lymph nodes harvested (LNs<12/LNs≥12)
	0.811(0.453-1.453)
	0.481
	
	

	Surgical approach (Open/MIS)
	3.804(1.906-7.593)
	0.001
	4.144(1.303-13.18)
	0.016

	Ileostomy
	0.933(0.530-1.643)
	0.811
	
	

	BMI = body mass index, AJCC = The American Joint Committee on Cancer, TRG = tumor regression grade, XELOX = capecitabine plus oxaliplatin, F= fractions, SD = standard deviation, LN = lymph node, MIS = minimally invasive surgery.





	Supplementary Table E6. Multicollinearity assessment in the clinical model without the RCI score

	Predictors
	Collinearity Statistics

	
	Tolerance
	Variance inflation factor

	BMI (BMI<18.5 vs. BMI ≥18.5)
	0.967
	1.034

	Tumor location (Low vs. Mid-Upper)
	0.964
	1.038

	Neoadjuvant radiotherapy (Long-course vs. Short-course)
	0.966
	1.036

	Interval time from radiotherapy to surgery (<10 weeks/≥10 weeks)
	0.955
	1.047

	Surgical approach (Open/MIS)
	0.972
	1.029

	BMI = body mass index, MIS = minimally invasive surgery.





II: Supplementary Figures
Supplementary Figure E1
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Supplementary Figure E1: Histological features selection by LASSO logistic regression. (A) The LASSO logistic regression tuning parameter (λ) selection in the LASSO model used 10-fold cross-validation via minimum criteria. (F) LASSO coefficient profiles of the 12 variables. A coefficient profile plot was produced against the log (λ) sequence. The vertical line was drawn at the value selected using 10-fold cross-validation, where optimal λ resulted in 12nonzero coefficients.


Supplementary Figure E2
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Supplementary Figure E2. The performance of the RCI score for AF in the primary and validation cohorts. (A) The ROC curve of the RCI score for AF in the primary cohort. (B) The ROC curve of the RCI score for AF in the validation cohort. (C) The ROC curve of the RCI score for AF in all 350 patients.


Supplementary Figure E3
[image: ]
Supplementary Figure E3. Decision curve analysis of the RCI score. The y-axis represents the net benefit, and the green line represents the RCI score.
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Supplementary Figure E2. The performance of the nomogram based on the RCI score for AF in the primary and validation cohorts. (A) The ROC curve of the nomogram for AF in the primary cohort. (B) The ROC curve of the nomogram for AF in the validation cohort. (C) Calibration curves of the nomogram in the primary cohort. (D) Calibration curves of the nomogram in the validation cohort.



Supplementary Figure E5
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Supplementary Figure E5. The performance of the clinical model for AF in the primary and validation cohorts without the RCI score. (A) The ROC curve of the clinical model for AF in the primary cohort without the RCI score. (B) The ROC curve of the clinical model for AF in the validation cohort without the RCI score.


III: Supplementary Appendix
Appendix E1. Radiation-induced Colorectal Injury calculation formula
RCI histological calculator = -7.37051670
+0.70179090 * large intestinal glands atrophy (Proximal)
+0.26542131 * muscularis mucosa integrity (Proximal)
+0.21440076 * intestinal fibrosis (Proximal)
+0.19751349 * vascular stenosis (Proximal)
+1.05663525 * inflammatory infiltration (Proximal)
+0.50528495 * mucosal edema (Proximal)
+0.09077964 * large intestinal glands atrophy (Distal)
+0.52266255 * muscularis mucosa integrity (Distal)
+0.92755104 * intestinal fibrosis (Distal)
+0.17366057 * vascular stenosis (Distal)
+0.21807501 * inflammatory infiltration (Distal)
+0.83492629 * mucosal edema (Distal)


VI:Supplementary Methods
Method E1. Surgical procedures
In this study, radical sphincter-preserving surgery was conducted on rectal cancer patients, adhering to the principles of total mesorectal excision (TME) 1,2. The surgical approaches included both laparoscopic and open methods. In all patients, high ligation of the inferior mesenteric artery was performed. Proximal division of the mesentery along the left Toldt’s space allowed the descending colon to reach the anus without any tension. The dissociation of the splenic flexure is determined according to the length of the sigmoid colon. For the anastomosis procedure, an end-to-end technique was employed using a stapling device. Standard mechanical bowel preparation was conducted, and an abdominal drainage tube was inserted. The consideration and strategic implementation of an ileostomy were based on factors including the level of anastomosis, its integrity, the presence of comorbidities, and the patient's nutritional status.
Method E2. Sample size calculation for logistic regression
In this study, the univariate analysis identified 7 candidate predictor parameters for anastomotic failure (AF) in rectal cancer patients with nCRT. In a multicenter study, it was found that the overall rate of AF at 15.7%3. Thus, assuming an expected AF proportion of 0.16 in the study population.
There are various methods used to calculate sample size. One was the transparent reporting of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD) statement, a well-known rule of thumb for the required sample size is to ensure at least 10 events for each predictor parameter 4. However, some researchers suspected that 10 EPV was too strict 5,6. The sample size would be predetermined on statistical grounds only for a planned prospective prediction model development study. The other was calculating the expected sample size based on the paper by Riley et al. 7. For binary outcomes, the software calculates the sample size needed to meet all the criteria, conditional on the user inputting values of required parameters such as the number of candidate predictors, the anticipated AS proportion in the target population, and the anticipated R2cs:
1. Estimate the overall outcome proportion with sufficient precision.
We generally recommend aiming for a margin of error ≤ 0.05. Then assuming an anticipated AS proportion in the population of 0.16.
n = [(1.96/ð)2] * * (1-)
n = [(1.96/0.05)2] * 0.16 * (1-0.16) =206.5
and thus at least 207 participants (about 207×0.16=34 patients with the AS) are required to target an estimation error of at most 0.05 around the true value of 0.16.
2. Target a small mean absolute prediction error.
Here, n is the sample size of the development dataset,  is the anticipated outcome proportion, and P is the number of candidate predictor parameters. MAPE denotes the Mean Absolute Prediction Error. Rearranging this equation, and choosing a target value for MAPE, the required sample size is:
In (MAPE) = -0.508-0.544In(n)+ 0.259In ()+ 0.504In(p)
 = 245
	In this study, we set MAPE to 0.050, AS with an anticipated outcome proportion of 0.16 and 7 candidate predictor parameters (logistic regression analysis, variable < 0.05). Thus at least 245 participants (about 40 events) in the development dataset.
3. Target a shrinkage factor of 0.9.
We suggest targeting a shrinkage of 10%, such that S = 0.9. For a logistic regression model of a binary outcome, ln𝐿𝑛𝑢𝑙𝑙 is defined by,
+(n-E) ln = -151.89
Where 𝐸 is the total number of people with the outcome present and 𝑛 is an arbitrarily chosen sample size.
= 0.58
=180.0
In this study, the logistic regression model based on up to 7 candidate predictor parameters with an anticipated R2cs of at least 0.5*max(R2cs) = 0.29, then to target an expected shrinkage of 0.9 we need a sample size of, and thus 180 participants. the target population has an outcome proportion of 0.16, then the 206 participants correspond to 180*0.16=29 AF events. With 7 predictor parameters, the required events per candidate predictor parameter (EPP)=29/7=4.14.
4. Target small optimism of 0.05 in the apparent R2 Nagelkerke.
For binary outcomes, this firstly requires the calculation of the shrinkage factor that corresponds to an expected optimism of 0 in R2Nagelkerke. We suggest ≤ 0.05. The obtained value of S can then be placed into the equation derived for binary; that is:
=0.909
There are 7 candidate predictor parameters, this leads to a required sample size of:
=200.2
Hence, a total of at least 201 participants are required to ensure an expected optimism of 0.05 in the apparent R2Nagelkerke.
Recommendations and software
In this study, the sample size meets all the criteria. 7 candidate predictors, the anticipated AS proportion of 0.11, and the anticipated R2cs corresponds to an R2Nagelkerke of 0.15 (0.15*max(R2cs) =0.15*0.58=0.08). According to the recommendations and software (https://mvansmeden. shinyapps.io/BeyondEPV/) by Riley et al. we found that: a total of at least 200 participants (4.6 EPV) are required to ensure a small, expected optimism of 0.05 in the apparent R2Nagelkerke.
Our sample size (245 participants, 66 events, 7 candidate predictors, 9.4 EPV) might be not adequate for the TRIPOD method (10 EPV) but was enough for the expected sample size based on the paper by Riley et al (the required sample size to meet all four criteria is at least 200 participants 4.6 EPV). Furthermore, we hope that this limitation will be solved in our upcoming clinical trial. Lei et al.8 revealed that the ratio between the primary and testing cohorts was 7:3. In our study, the testing cohort contained 105 patients, which was enough to validate the prediction model.
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