Name of Journal: World Journal of Gastrointestinal Surgery
Manuscript NO: 80475
Manuscript Type: ORIGINAL ARTICLE

Retrospective Study
Long-term outcomes and failure patterns after laparoscopic intersphincteric resection in ultralow rectal cancers

 Qiu WL et al. Ultralow rectal cancer and ISR

Wen-Long Qiu, Xiao-Lin Wang, Jun-Guang Liu, Gang Hu, Shi-Wen Mei, Jian-Qiang Tang

Wen-Long Qiu, Gang Hu, Shi-Wen Mei, Jian-Qiang Tang, Department of Colorectal Surgery, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100021, China

Xiao-Lin Wang, Department of General Surgery, The Second Hospital of Yulin, Yulin 100021, Shaanxi Province, China

Jun-Guang Liu, Department of General Surgery, Peking University First Hospital, Beijing 100021, China

[bookmark: OLE_LINK1]Author contributions: Qiu WL, Liu JG and Wang XL contributed equally to this work; Protocol/project development: Qiu WL, Tang JQ; Data collection or management: Qiu QL, Hu G, Mei SW, Liu JG, Wang XL. Data analysis: Qiu WL, Wang XL, Liu JG; Manuscript writing/editing: Qiu WL, Wang XL; All authors reviewed the manuscript. 

Supported by The National Natural Science Foundation of China, No. 81272710; Beijing Nature Fund, No. 4232058; and Beijing Natural Fund Haidian Special, No. L222054

Corresponding author: Jian-Qiang Tang, MD, PhD, Chief Doctor, Department of Colorectal Surgery, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, No. 17 Panjiayuan Nanli, Chaoyang District, Beijing 100021, China. doc_tjq@hotmail.com

Received: September 30, 2022
Revised: January 29, 2023
Accepted: April 7, 2023
Published online: June 27, 2023

 2 / 2

Abstract
BACKGROUND
Intersphincteric resection (ISR), the ultimate anus-preserving technique for ultralow rectal cancers, is an alternative to abdominoperineal resection (APR). The failure patterns and risk factors for local recurrence and distant metastasis remain controversial and require further investigation.

AIM
To investigate the long-term outcomes and failure patterns after laparoscopic ISR in ultralow rectal cancers.

METHODS
Patients who underwent laparoscopic ISR (LsISR) at Peking University First Hospital between January 2012 and December 2020 were retrospectively reviewed. Correlation analysis was performed using the Chi-square or Pearson's correlation test. Prognostic factors for overall survival (OS), local recurrence-free survival (LRFS), and distant metastasis-free survival (DMFS) were analyzed using Cox regression.

RESULTS
We enrolled 368 patients with a median follow-up of 42 mo. Local recurrence and distant metastasis occurred in 13 (3.5%) and 42 (11.4%) cases, respectively. The 3-year OS, LRFS, and DMFS rates were 91.3%, 97.1%, and 90.1%, respectively. Multivariate analyses revealed that LRFS was associated with positive lymph node status [hazard ratio (HR) = 5.411, 95% confidence interval (CI) = 1.413-20.722, P = 0.014] and poor differentiation (HR = 3.739, 95%CI: 1.171-11.937, P = 0.026), whereas the independent prognostic factors for DMFS were positive lymph node status (HR = 2.445, 95%CI: 1.272-4.698, P = 0.007) and (y)pT3 stage (HR = 2.741, 95%CI: 1.225-6.137, P = 0.014).

CONCLUSION
This study confirmed the oncological safety of LsISR for ultralow rectal cancer. Poor differentiation, (y)pT3 stage, and lymph node metastasis are independent risk factors for treatment failure after LsISR, and thus patients with these factors should be carefully managed with optimal neoadjuvant therapy, and for patients with a high risk of local recurrence (N + or poor differentiation), extended radical resection (such as APR instead of ISR) may be more effective. 

Key Words: Rectal cancer; Intersphincteric resection; Laparoscopic surgery; Recurrence; Risk factors

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved. 

Citation: Qiu WL, Wang XL, Liu JG, Hu G, Mei SW, Tang JQ. Long-term outcomes and failure patterns after laparoscopic intersphincteric resection in ultralow rectal cancers. World J Gastrointest Surg 2023; 15(6): 1104-1115
URL: https://www.wjgnet.com/1948-9366/full/v15/i6/1104.htm 
DOI: https://dx.doi.org/10.4240/wjgs.v15.i6.1104

Core Tip: We aimed to investigate the failure patterns and risk factors for local recurrence and distant metastasis in 368 patients who underwent iaparoscopic Intersphincteric resection (LsISR). Local recurrence and distant metastasis occurred in 13 (3.5%) and 42 (11.4%) patients, respectively. The 3-year overall survival, local recurrence-free survival, and distant metastasis-free survival rates were 91.3%, 97.1%, and 90.1%, respectively. Multivariate analyses revealed that LRFS was associated with positive lymph node status and poor differentiation, whereas the independent prognostic factors for DMFS were positive lymph node status and (y)pT3 stage. We believe that our study makes a significant contribution to the literature because it confirmed the oncological safety of LsISR for ultralow rectal cancer. This paper will be of interest to the readership of your journal because it demonstrated that poor differentiation, (y)pT3 stage, and lymph node metastasis are independent risk factors for treatment failure after LsISR, and thus patients with these factors should be carefully managed with optimal neoadjuvant therapy and surgical strategy.

INTRODUCTION
Ultralow rectal cancer refers to cancer located in the lower part of the rectum, < 5 cm from the anal verge (AV)[1]. Intersphincteric resection (ISR), a sphincter-preserving surgical technique, is a better choice for patients with a strong desire to preserve the anus, if the tumor has not invaded the external sphincter or levator muscles[2]. Compared with abdominoperineal resection (APR), ISR can achieve adequate distal resection margins (DRMs), sufficient circumferential resection margins (CRMs), and better anal function without permanent colostomy[3,4].
As an important surgical technique in the treatment of ultralow rectal cancer, laparoscopic ISR (LsISR) surgery has been widely applied in an increasing number of patients; moreover, the failure patterns after ISR, especially local recurrence and distant metastasis, have drawn the attention of surgeons. A study from Japan[5] reported that the mortality and morbidity were relatively low, although the 5-year cumulative local recurrence rate after ISR was 11.5%, which was higher than that after APR (evaluated using propensity score matching); in addition, multivariate analysis revealed that the pT stage, pN stage, and level of ISR were independent risk factors for local recurrence. These factors have also been reported in other studies[6-9]. However, the conclusions drawn by the aforementioned studies on ISR were limited by either a small sample size or selection bias derived from different centers or surgeons. Therefore, it is vital to further identify the risk factors for local recurrence and distal metastasis in patients with ultralow rectal cancers undergoing LsISR, to improve oncological outcomes.
In this cohort study, we investigated the long-term oncological outcomes and failure patterns of LsISR performed by a single surgical team. Furthermore, we investigated the risk factors for local recurrence and distal metastasis to optimize comprehensive treatment such as neoadjuvant therapy and preoperative surgical planning.

MATERIALS AND METHODS
Patients
We collected retrospective data of patients with rectal cancer who underwent LsISR from multicenter between January 2012 and October 2022. We included patients who underwent LsISR surgery with radically local cancer resection and in whom the lower margin of the tumor was 2.0-5.0 cm away from the AV. Exclusion criteria were as follows: (1) Non-adenocarcinoma; and (2) Perioperative death. Multidisciplinary team meetings determined treatment strategies for each patient and the necessity of neoadjuvant chemoradiotherapy (nCRT). The pelvic radiotherapy was administered as a long-course regimen using external beam radiation therapy at a total dose of 45-54 Gy, and 6-12 wk after the radiation therapy underwent surgery. All patients provided informed consent for this study, which was approved by the Ethics Committee of Peking University First Hospital (Approval No. 17-116/1439).

Surgical Procedures
Standard total mesorectal excision (TME) was performed to reach the anorectal junction, while carefully preserving the bilateral hypogastric nerves and neurovascular bundles. The intersphincteric plane between the puborectalis muscle and internal anal sphincter was carefully dissected under direct vision. The distal rectum was transected intracorporeally using a flexible linear stapler. If the distance was ≥ 2.0 cm, the specimen was removed via a low midline mini-laparotomy incision, the sigmoid was cut at approximately 10 cm proximal to the tumor, and a circular stapled end-to-end coloanal anastomosis was constructed. If the distal margin was < 2.0 cm, trans-anal dissection was performed. The specimen was then extracted via the anus, and proximal resection was performed using a 60 mm linear stapler. Finally, anastomosis was constructed manually[10,11]. Regardless of whether the anastomosis was stapled or hand-sewn, diverting ileostomy was routinely performed[12]. Intraoperative frozen section pathology was normally required to confirm the status of the DRM when the margin was < 1 cm or suspected to be positive.

Data Collection and Follow-up
We collected the basic clinical and pathological characteristics of patients, including sex, age, body mass index, nCRT, diabetes, American Society of Anesthesiologists score, tumor distance from the AV, differentiation status, tumor diameter, (y)pT stage, (y)pN stage, (y)pTNM (tumor node metastasis) stage (American Joint Committee on Cancer, 8th edition), anastomotic leakage, complications, and postoperative chemotherapy. Follow-up was performed every 3 mo for the first 2 years, every 6 mo for the next 3 years, and annually thereafter. At each visit, patients underwent physical examination, serum carcinoembryonic antigen level measurement, and abdominopelvic magnetic resonance imaging or computed tomography. Colonoscopy was routinely performed annually after surgery. Positron emission tomography was performed when required. The primary endpoint of this study was the 3-year local recurrence-free survival (LRFS), whereas the secondary endpoints were the 3-year overall survival (OS) and 3-year distant recurrence-free survival (DMFS). Local recurrence was defined as tumor recurrence in the pelvic cavity, which was confirmed by histopathology or imaging. Distant metastasis was defined as tumor recurrence outside the pelvis.

Statistical Analysis
The Chi-square, Fisher's exact test, or Pearson's correlation test was used to analyze differences between the primary and validation cohorts. Pearson's correlation is a measure of the linear relationship between two continuous random variables, simultaneously, categorical variables were compared with use of Chi-square analysis. Fisher's exact test is applicable to cases where sample size n < 40 or theoretical frequency T < 1. When one of the expected frequencies is greater than 5, Chi-square test is considered as a statistical method. Variables with a P-value < 0.100 in the univariate analyses were included in the multivariate analyses. Hazard ratios (HRs) and 95% confidence intervals (CIs) of the risk factors were analyzed using multivariate logistic regression. All statistical analyses were two-sided, and statistical significance was set at P < 0.05. R software (version 4.0.2) and SPSS software (version 25.0) were used for the statistical analyses.

RESULTS
Patient Characteristics
Data were obtained from a prospectively collected database of 386 consecutive patients who underwent LsISR. We excluded seven patients with distal metastasis and eight patients with non-adenocarcinoma as well as three patients who died perioperatively. Therefore, 368 patients were enrolled in this study (Figure 1). Table 1 shows the baseline characteristics of the whole cohort, local recurrence group, non-local recurrence group, distant metastasis group, and non-distant metastasis group. In the whole cohort, proportions of T stage were: (y)pT1 (43, 11.9%), (y)pT2 (123, 33.7%), and (y)pT3 (202, 54.4%). Additionally, 121 patients (32.9%) had lymph node metastases. The median distance between the lower edge of the tumor and the AV was 4.0 cm (range, 2.0-5.0 cm), and the median distance between the anastomosis and the AV was 2.2 cm (range, 1.0-4.0 cm).
Local recurrence occurred in 13 patients (3.5%). In the analyses of basic characteristics between the local and non-local recurrence groups, there were significant differences in the distribution of pathological TNM stage (P = 0.001), lymph node status (P = 0.001), and differentiation (P = 0.009). Distant metastasis occurred in 42 (11.4%) patients. Compared with the patients without distant metastasis, the distant metastasis cohorts have higher serum carbohydrate antigen 19-9 level (P = 0.045), more advanced (y)pT stage (P < 0.001), (y)pN stage (P < 0.001), and (y)p TNM stage (P = 0.001), and the distant metastasis cohorts suffered lymphovascular invasion (P = 0.021) and nerve invasion (P = 0.012) tested in the postoperative pathological results.

Failure Pattern after LsISR
The median follow-up times for the whole cohort, local recurrence group, and distant metastasis group were 42, 40, and 43 mo, respectively. The clinical demographics of the 13 (3.5%) patients who developed local recurrence are shown in Table 2, including 9 (69.2%) and 4 (30.8%) patients with anastomotic recurrence and pelvic lymph node metastasis, respectively. Most of the patients with local recurrence had (y)pT3 stage (10/13, 76.9%) and lymph node metastasis (10/13, 76.9%). Three (3/13, 23.1%) patients received preoperative nCRT, and 10 (10/13, 76.9%) patients underwent adjuvant therapy.
Distant metastasis occurred in 42 (11.4%) patients, 4 (1.1%) of whom had both local recurrence and distant metastases. The most common distant metastatic sites were the lungs (20/42, 47.6%), liver (9/42, 21.4%), bones (4/42, 9.5%), and retroperitoneal lymph nodes (4/42, 9.5%). 

Univariate and multivariate analyses for OS
The OS rate at 1, 3, and 5 years were 96.5%, 91.3%, and 87.0%, respectively. Univariate analysis revealed that age > 60 years (HR = 2.776, 95%CI: 1.371-5.582, P = 0.004), nerve invasion (HR = 2.596, 95%CI: 1.186-5.683, P = 0.017), (y)pT3 stage (HR = 3.362, 95%CI: 1.541-7.336, P = 0.002), lymph node metastasis (HR = 2.304, 95%CI: 1.218-4.357, P = 0.010) and poor differentiation (HR = 3.117, 95%CI: 1.472-6.600, P = 0.003) were prognostic factors for OS (Table 3). Multivariate analyses demonstrated that age > 60 years (HR = 2.698, 95%CI: 1.329-5.489, P = 0.006), (y)pT3 stage (HR = 2.293, 95%CI: 1.006-5.226, P = 0.048) and poor differentiation (HR = 2.234, 95%CI: 1.021-4.887, P = 0.044) were independent prognostic factors for OS. Figure 2 shows the survival curves for OS according to age, (y)pT stage, and (y)pN stage.

Univariate and multivariate analyses for LRFS
The LRFS rates at 1, 3, and 5 years were 98.4%, 97.1%, and 95.4%, respectively. Table 4 shows the univariate and multivariate analyses findings for LRFS. In the univariate analysis, lymph node metastasis (HR = 6.984, 95%CI: 1.922-25.385, P = 0.003) and poor differentiation (HR = 6.293, 95%CI: 2.048-19.334, P = 0.001) were prognostic factors for LRFS. In the multivariate analysis, lymph node metastasis (HR = 5.358, 95%CI: 1.398-20.532, P = 0.014) and poor differentiation (HR = 3.908, 95%CI: 1.137-13.420, P = 0.030) remained independent prognostic factors for LFRS. The LRFS curves according to (y)pN stage and differentiation are shown in Figure 3.

Univariate and multivariate analyses for DMFS
The DMFS rates at 1, 3, and 5 years were 96.1%, 90.1%, and 82.6%, respectively. Table 5 shows risks factors for distant metastasis after ISR as identified via univariate and multivariate analyses. In the univariate analysis, lymphovascular invasion (HR = 2.527, 95%CI: 1.263-5.055, P = 0.009), nerve invasion (HR = 3.061, 95%CI: 1.499-6.252, P = 0.002), (y)pT3 stage (HR = 3.912, 95%CI: 1.810-8.456, P < 0.001), lymph node metastasis (HR = 3.410, 95%CI: 1.829-6.358, P < 0.001), and poor differentiation (HR = 2.451, 95%CI: 1.130-5.314, P = 0.023) were prognostic factors for DMFS. In the Multivariate analysis, pT3 stage (HR = 2.741, 95%CI: 1.225-6.137, P = 0.014) and lymph node metastasis (HR = 2.445, 95%CI: 1.272-4.698, P = 0.007) were independent prognostic factors for DMFS. Survival curves are shown in Figure 4.

DISCUSSION
In recent years, anus-preserving surgery for ultralow rectal cancer and risk factors for postoperative recurrence and metastasis after ISR have been of concern. The failure patterns and predictors of local recurrence and distant metastasis after LsISR require further investigation. In this study, we found that local recurrence and distant metastasis occurred in 3.5% and 11.4% of patients, respectively. The OS/LRFS/DMFS rates at 1, 3, and 5 years were 96.5%/91.3%/87.0%, 98.4%/97.1%/95.4%, and 96.1%/90.1%/82.6%, respectively. LRFS was associated with lymph node metastasis and poor differentiation, whereas the independent prognostic factors for DMFS were lymph node metastasis and (y)pT3 stage. To the best of our knowledge, this study hitherto includes the largest sample of patients who underwent LsISR performed by a single surgical team. Therefore, it can minimize the influence of surgeons on surgical quality and subsequently prognostic outcome, so as to better clarify the prognostic characteristics of this disease itself. In this study, we focused on failure patterns, including local recurrence and distal metastasis. 
Previous studies mostly confirmed and compared the oncological safety of ISR and APR. A study from the Japanese Society for Cancer of the Colon and Rectum nationwide registry, including 2125 patients who underwent ISR, reported that the mortality and morbidity were relatively low, and the survivals were relatively better compared with those of patients who underwent APR (5-year OS, 85.4% vs 74.8%, P < 0.001; 5-year LRFS, 70.5% vs 60.6%, P < 0.001); furthermore, the 5-year cumulative local recurrence rate after ISR was 11.5%[5]. Kim et al[13] compared the survival rates between patients who underwent low anterior resection and ISR. In the ISR group, the 5-year cumulative local and systemic recurrence rates were 2.4% and 15.1%, respectively, and no significant differences were observed between the two groups after propensity score matching (n = 166 each). The two groups had similar 5-year cumulative disease-free survival (78.5% vs 81.6%, P = 0.88) and OS (83.6% vs 90.8%, P = 0.65) rates. A meta-analysis including 2438 patients indicated that ISR could be a safe alternative to APR and could achieve oncological results similar to those of APR[14]. We considered that the oncological outcomes of ISR were related to many factors such as surgeon experience and skills, patient condition, malignancy and clinical tumor staging, as well as neoadjuvant chemoradiation. In this study, we enrolled patients operated by a single surgical team, to minimize selection bias. The long-term oncological outcomes and risk factors were analyzed. Although the oncological outcomes were not compared with those of APR, outcomes including the 5-year OS (87.0%), 5-year LRFS (95.4%), and 5-year cumulative local recurrence rate (4.6%) after LsISR in this cohort were similar to those previously reported.
Local recurrence, especially anastomotic recurrence, is one of the most important failure patterns of ISR. The 5- year cumulative local recurrence rate could still range from 2.4% to 15.7%, even in the patient with negative DRMs or CRMs in the initial surgery[6,13,15-18]. Previous studies reported that advanced T stage, lymph node metastasis, tumor size, nerve invasion, and lymphovascular invasion are risk factors for local recurrence after ISR[6-8,19,20]. Our study further confirmed that age > 60 years, (y)pT3 stage, and poor differentiation were independent prognostic factors for OS, whereas lymph node metastasis and poor differentiation were prognostic factors for LFRS. In patients with poorly differentiated tumors, submucosal infiltration or adjacent tumor nodules may occur, which would promote local recurrence of the anastomosis, despite a negative DRM. In patients with positive mesenteric lymph nodes, postoperative lateral lymph node metastasis may occur as another manifestation of pelvic recurrence. All four patients with lateral lymph node metastasis in this study had stage III disease. Prognostic factors for DMFS were further explored, showing that (y)pT3 stage and lymph node metastasis were independent prognostic factors, which were similar to previously reported factors.
The exploration of perioperative strategies aimed at reducing the risk of recurrence and metastasis of rectal cancer has been a hot topic. Preoperative nCRT followed by proctectomy with TME is commonly accepted as the gold standard for treating locally advanced rectal cancer with strong evidence of decreasing local recurrence rate and improving disease-free survival[21-25]; moreover, total neoadjuvant therapy (TNT) may potentially improve local control. However, T-downstaging did not decrease the local recurrence rate in a previous study[26], and data from the RAPIDO trial showed an increased local recurrence rate for patients undergoing TNT, despite having a higher pathologic complete remission rate[27]. In our study, 3 patients with local recurrence were treated with neoadjuvant therapy before surgery, and the recurrence rate of the patients receiving nCRT was higher than that of patients not receiving nCRT (7.5% vs 2.7%, P = 0.324), although the difference was not significant. The indications for ISR in this study were relatively broad, and eight cases (9.1%) with pT3N + locally advanced rectal cancers were finally proven to be locally recurrent. Whether the rule of a 1-cm DRM following nCRT could increase the risk of anastomotic recurrence remains controversial. For patients with a high risk of local recurrence (N + or poor differentiation), extended radical resection (such as APR instead of ISR) may be more effective. 
This study had some limitations. First, although only patients operated by a single surgical team were enrolled in this study, selection bias was inevitable due to the retrospective nature of the study. Second, the median follow-up time was relatively short, and the 5-year survival may not reflect the actual results. Furthermore, the proportion of patients who underwent nCRT was relatively small. The effect of nCRT on LRFS and DMFS after ISR remains unelucidated, and a larger cohort with more patients receiving nCRT is needed in future studies. Nonetheless, this study had the largest sample size and a relatively good control of surgical quality; hence, the results can objectively reflect tumor characteristics on the failure patterns of ISR.

CONCLUSION
In conclusion, this study confirmed the oncological safety of LsISR for ultralow rectal cancers. Poor differentiation, (y)pT3 stage, and lymph node metastasis are independent risk factors for treatment failure, and thus patients with these factors should be carefully managed with optimal neoadjuvant therapy, and for patients with a high risk of local recurrence (N + or poor differentiation), extended radical resection (such as APR instead of ISR) may be more effective.

ARTICLE HIGHLIGHTS
Research background
The failure patterns and risk factors for local recurrence and distant metastasis after laparoscopic intersphincteric resection (LsISR) surgery remain controversial and require further investigation.

Research motivation
To investigate the long-term outcomes and failure patterns after LsISR.

Research objectives
Patients with ultralow rectal cancer who underwent LsISR from multicenter between January 2012 and October 2022. We included patients who underwent LsISR surgery.

Research methods
The Chi-square, Fisher's exact test, or Pearson's correlation test was used to analyze differences between the primary and validation cohorts. Variables with a P-value < 0.100 in the univariate analyses were included in the multivariate analyses. Hazard ratios and 95% confidence intervals of the risk factors were analyzed using multivariate logistic regression.

Research results
Local recurrence and distant metastasis occurred in 3.5% and 11.4% of patients, respectively. The overall survival/local recurrence-free survival/distance metastasis-free survival rates at 1, 3, and 5 years were 96.5%/91.3%/87.0%, 98.4%/97.1%/95.4%, and 96.1%/90.1%/82.6%, respectively. LRFS was associated with (y)N + and poor differentiation, whereas the independent prognostic factors for DMFS were lymph node metastasis and (y)pT3 stage.

Research conclusions
We confirmed that poor differentiation, (y)pT3 stage, and (y)Pn + were independent risk factors for treatment failure, and thus patients with these factors should be carefully managed with optimal neoadjuvant therapy and surgical strategies.

Research perspectives
This research will help clarify the high recurrence risk patients and take up most appropriate perioperative treatment strategies.
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Figure 1 Patient selection.
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Figure 2 Kaplan-Meier survival curves for the overall survival of patients with rectal cancer after intersphincteric resection surgery. A: Age; B: (y)pT stage; C: Differentiation.
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Figure 3 Kaplan-Meier survival curves for the local recurrence-free survival of patients with rectal cancer after intersphincteric resection surgery. A: (y)pN (3a); B: Differentiation level (3b).
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Figure 4 Kaplan-Meier survival curves for the distant metastasis-free survival of patients with rectal cancer after intersphincteric resection surgery. A: (y)pT (4a); B: (y)pN (4b).


Table 1 Patient basic characteristics, n (%)
	Variables
	Total (n = 368)
	Local recurrence (n = 13)
	Non-local recurrence (n = 355)
	P value
	Distant metastasis (n = 42)
	Non-distant metastasis (n = 327)
	P value

	Age (yr)
	
	
	
	0.746
	
	
	0.325

	≤ 60
	184 (50)
	5 (38.5)
	179 (50.3)
	
	18 (42.9)
	167 (51.1)
	

	> 60
	184 (50)
	8 (61.5)
	176 (49.7)
	
	24 (57.1)
	160 (48.9)
	

	Sex
	
	
	
	0.855
	
	
	0.179

	Male
	228 (62.0)
	8 (61.5)
	220 (61.9)
	
	30 (71.4)
	198 (60.7)
	

	Female
	140 (38.0)
	5 (38.5)
	135 (38.1)
	
	12 (28.6)
	128(39.3)
	

	BMI (kg/m2)
	
	
	
	0.845
	
	
	0.503

	≤ 25
	246 (66.8)
	8 (61.5)
	238 (66.9)
	
	30 (71.4)
	217 (66.4)
	

	> 25
	122 (33.2)
	5 (38.5)
	117 (33.1)
	
	12 (28.6)
	110 (33.6)
	

	Hb (g/L)
	
	
	
	0.204
	
	
	0.123

	Normal
	338 (91.8)
	12 (92.3)
	326 (91.8)
	
	36 (85.7)
	303 (92.7)
	

	Abnormal
	30 (8.2)
	1 (7.7)
	29 (8.2)
	
	6 (14.3)
	24 (7.3)
	

	Alb (g/L)
	
	
	
	0.756
	
	
	0.058

	≥ 35
	353 (95.9)
	12 (92.3)
	341 (96.0)
	
	38 (90.5)
	316 (96.6)
	

	< 35
	15 (4.1)
	1 (7.7)
	14 (4.0)
	
	4 (9.5)
	11 (3.4)
	

	CEA (ng/mL)
	
	
	
	0.338
	
	
	0.100

	≤ 5
	267 (72.6)
	8 (61.5)
	259 (72.9)
	
	26 (61.9)
	242 (74.0)
	

	> 5
	101 (27.4)
	5 (38.5)
	96 (27.1)
	
	16 (38.1)
	85 (26.0)
	

	CA 19-9 (u/mL)
	
	
	
	0.739
	
	
	0.045

	≤ 37
	350 (95.1)
	11 (84.6)
	339 (95.5)
	
	35 (83.3)
	316 (96.6)
	

	> 37
	18 (4.9)
	2 (15.4)
	16 (4.5)
	
	7 (16.7)
	11 (3.4)
	

	[bookmark: _Hlk111316258]Tumor height from anal verge (cm)
	
	0.985
	
	
	0.053

	≤ 4
	273 (74.2)
	10 (76.9)
	243 (68.4)
	
	26 (61.9)
	248 (75.8)
	

	> 4
	95 (25.8)
	3 (23.1)
	112 (31.6)
	
	16 (38.1)
	79 (24.2)
	

	Tumor size (mm)
	
	
	0.465
	
	
	0.590

	≤ 40
	250 (67.9)
	7 (53.8)
	243 (68.4)
	
	27 (64.3)
	224 (68.2)
	

	> 40
	118 (32.1)
	6 (46.2)
	112 (31.6)
	
	15 (35.7)
	103 (31.8)
	

	(y)pT stage
	
	
	
	0.198
	
	
	< 0.001

	1-2
	166 (45.1)
	4 (30.8)
	162 (46.0)
	
	8 (19.0)
	158 (48.7)
	

	3
	202 (54.9)
	9 (69.2)
	193 (54.0)
	
	34 (81.0)
	168 (51.3)
	

	Lymph node metastasis
	
	
	0.001
	
	
	< 0.001

	No
	245 (66.6)
	3 (23.1)
	242 (68.4)
	
	16 (38.1)
	230 (70.6)
	

	Yes
	123 (33.4)
	10 (76.9)
	113 (31.6)
	
	26 (61.9)
	96 (29.4)
	

	(y)p TNM stage
	
	
	
	0.001
	
	
	< 0.001

	0-II
	245 (66.6)
	3 (23.1)
	242 (68.4)
	
	16 (35.6)
	231 (70.6)
	

	III
	123 (33.4)
	10 (76.9)
	113 (31.6)
	
	26 (64.4)
	95 (29.4)
	

	ASA score
	
	
	
	0.084
	
	
	0.467

	I-II
	357 (97.0)
	12 (92.3)
	345 (97.5)
	
	40 (95.2)
	317 (97.2)
	

	III
	11 (3.0)
	1 (7.7)
	10 (2.5)
	
	2 (4.8)
	9 (2.8)
	

	Differentiation
	
	
	
	0.009
	
	
	0.070

	Well-moderate
	328 (89.1)
	8 (61.5)
	320 (90.1)
	
	34 (81.0)
	294 (90.2)
	

	Poor
	40 (10.9)
	5 (38.5)
	35 (9.9)
	
	8 (19.0)
	32 (9.8)
	

	Lymphovascular invasion
	
	
	0.054
	
	
	0.021

	No
	315 (85.6)
	9 (69.2)
	306 (86.4)
	
	31 (73.8)
	284 (87.2)
	

	Yes
	53 (14.4)
	4 (30.8
	49 (13.6)
	
	11 (26.2)
	42 (12.8)
	

	Nerve invasion
	
	
	
	0.093
	
	
	0.012

	No
	327 (88.9)
	9 (69.2)
	318 (89.5)
	
	32 (76.2)
	295 (90.5)
	

	Yes
	41 (11.1)
	4 (30.8)
	37 (10.5)
	
	10 (23.8)
	31 (9.5)
	

	nCRT
	
	
	
	0.324
	
	
	0.410

	No
	328 (89.1)
	10 (76.9)
	318 (89.6)
	
	39 (92.9)
	289 (88.7)
	

	Yes
	40 (10.9)
	3 (23.1)
	37 (10.4)
	
	3 (7.1)
	37 (11.3)
	

	Adjuvant therapy
	
	
	0.137
	
	
	0.378

	No
	190 (51.6)
	4 (30.8)
	186 (52.5)
	
	19 (45.2)
	171 (52.5)
	

	Yes
	178 (48.4)
	9 (69.2)
	169 (47.5)
	
	23 (54.8)
	155 (47.5)
	


Alb: Serum albumin; BMI: Body mass index; CA: Cancer antigen; CEA: Carcinoembryonic antigen; Hb: Hemoglobin; nCRT: Neoadjuvant chemoradiotherapy; TNM: Tumor node metastasis; ASA: American Society of Anesthesiologists.
Table 2 Clinical demographics of the 13 patients who developed local recurrence
	N
	Age
	Sex
	BMI
	(y)pT 
	(y)pN 
	AV
	AT
	nCRT
	Adjuvant therapy
	Recurrence location

	1
	46
	Female
	20.2
	3
	1b
	2
	4
	No
	Yes
	Lateral and retroperitoneal Lymph nodes

	2
	70
	Female
	23.6
	3
	2b
	2
	4
	No
	Yes
	Axial

	3
	63
	Male
	25.5
	1
	2b
	3
	4.5
	Yes
	No
	Lateral and retroperitoneal Lymph nodes

	4
	65
	Female
	23.4
	3
	2b
	2
	4
	No
	Yes
	Lateral and retroperitoneal Lymph nodes

	5
	56
	Male
	18.0
	2
	0
	1.5
	3
	No
	No
	Axial

	6
	69
	Male
	25.0
	3
	2a
	3
	5
	No
	Yes
	Axial

	7
	35
	Male
	32.6
	3
	0
	1.5
	3
	No
	No
	Axial

	8
	55
	Male
	22.8
	3
	1
	2
	4
	No
	No
	Axial

	9
	66
	Male
	27.4
	3
	2b
	2
	4
	No
	Yes
	Axial

	10
	64
	Male
	25.1
	3
	0
	2
	3
	Yes
	Yes
	Axial

	11
	51
	Female
	22.2
	3
	2b
	1.5
	3
	No
	Yes
	Lateral and retroperitoneal Lymph nodes

	12
	82
	Female
	21.5
	1
	1b
	3
	5
	No
	Yes
	Axial

	13
	50
	Male
	25.6
	3
	1
	2
	4
	Yes
	Yes
	Axial


BMI: Body mass index; nCRT: Neoadjuvant chemoradiotherapy; AT: The height of tumor from anal verge; AV: The height of anastomotic stoma from anal verge.
Table 3 Univariate and multivariate analyses through Cox regression for overall survival
	
	Univariate analysis
	Multivariate analysis

	
	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Age (>60/ ≤ 60 yr)
	2.766
	1.371–5.582
	0.004
	2.698
	1.329–5.489
	0.006

	Sex (female/male)
	0.713
	0.359–1.415
	0.333
	
	
	

	BMI (> 25/≤ 25 kg/m2)
	0.921
	0.465–1.862
	0.813
	
	
	

	CEA (> 5/≤ 5 ng/mL)
	1.350
	0.690–2.639
	0.381
	
	
	

	Tumor size (> 40/≤ 40 mm)
	1.425
	0.742–2.733
	0.287
	
	
	

	Tumor height from anal verge (cm)
	1.499
	0.767–2.931
	0.236
	
	
	

	Lymphovascular invasion (yes/no)
	1.768
	0.808–3.867
	0.154
	
	
	

	Nerve invasion (yes/no)
	2.596
	1.186–5.683
	0.017
	1.501
	0.660–3.414
	0.332

	(y)p T stage (3/1-2)
	3.362
	1.541–7.336
	0.002
	2.293
	1.006–5.226
	0.048

	Lymph node metastasis (yes/no)
	2.304
	1.218–4.357
	0.010
	1.713
	0.878–3.339
	0.114

	Differentiation (poor/well-moderate)
	3.117
	1.472–6.600
	0.003
	2.234
	1.021–4.887
	0.044

	nCRT (yes/no)
	0.525
	0.126–2.185
	0.376
	
	
	

	Adjuvant therapy (yes/no)
	1.176
	0.622–2.224
	0.617
	
	
	


BMI: Body mass index; CEA: Carcinoembryonic antigen; nCRT: Neoadjuvant chemoradiotherapy.


Table 4 Univariate and multivariate analyses through Cox regression for local recurrence-free survival
	
	Univariate analysis
	Multivariate analysis

	
	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Age (> 60/ ≤ 60 yr)
	1.318
	0.442–3.931
	0.620
	
	
	

	Sex (female/male)
	0.969
	0.317–2.963
	0.956
	
	
	

	BMI (> 25/≤ 25 kg/m2)
	1.263
	0.413–3.860
	0.683
	
	
	

	CEA (> 5/≤ 5 ng/mL)
	1.639
	0.536–5.010
	0.386
	
	
	

	Tumor size (> 40/≤ 40 mm)
	1.8332
	0.615–5.451
	0.277
	
	
	

	Tumor height from anal verge (cm)
	0.869
	0.239–3.158
	0.831
	
	
	

	Lymphovascular invasion (yes/no)
	2.897
	0.889–9.436
	0.077
	1.056
	0.287–3.884
	0.935

	Nerve invasion (yes/no)
	2.812
	0.771–10.258
	0.117
	
	
	

	(y)p T stage (3/1-2)
	1.982
	0.610–6.438
	0.255
	
	
	

	Lymph node metastasis (yes/no)
	6.984
	1.922–25.385
	0.003
	5.358
	1.398–20.532
	0.014

	Differentiation (poor/well-moderate)
	6.293
	2.048–19.334
	0.001
	3.908
	1.137–13.420
	0.030

	nCRT (yes/no)
	2.731
	0.750–9.940
	0.127
	
	
	

	Adjuvant therapy (yes/no)
	2.357
	0.726–7.653
	0.154
	
	
	


BMI: Body mass index; CEA: Carcinoembryonic antigen; nCRT: Neoadjuvant chemoradiotherapy.

Table 5 Univariate and multivariate analyses through Cox regression for distal metastasis-free survival
	
	Univariate analysis
	Multivariate analysis

	
	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Age (> 60/ ≤ 60 yr)
	1.506
	0.817–2.779
	0.190
	
	
	

	Sex (female/male)
	0.597
	0.305–1.168
	0.132
	
	
	

	BMI (> 25/≤ 25 kg/m2)
	0.783
	0.401–1.530
	0.474
	
	
	

	CEA (> 5/≤ 5 ng/mL)
	1.577
	0.846–2.940
	0.152
	
	
	

	Tumor size (> 40/≤ 40 mm)
	1.685
	0.779–3.642
	0.185
	
	
	

	Tumor height from anal verge (cm)
	1.685
	0.779–3.642
	0.185
	
	
	

	Lymphovascular invasion (yes/no)
	2.527
	1.263–5.055
	0.009
	1.128
	0.508–2.506
	0.767

	Nerve invasion (yes/no)
	3.061
	1.499–6.252
	0.002
	1.644
	0.745–3.628
	0.218

	(y)p T stage (3/1-2)
	3.912
	1.810–8.456
	0.001
	2.741
	1.225–6.137
	0.014

	Lymph node metastasis (yes/no)
	3.410
	1.829–6.358
	< 0.001
	2.445
	1.272–4.698
	0.007

	Differentiation (poor/well-moderate)
	2.451
	1.130–5.314
	0.023
	1.446
	0.634–3.301
	0.381

	nCRT (yes/no)
	0.718
	0.222–2.326
	0.581
	
	
	

	Adjuvant therapy (yes/no)
	1.299
	0.708–2.386
	0.398
	
	
	


BMI: Body mass index; CEA: Carcinoembryonic antigen; nCRT: Neoadjuvant chemoradiotherapy. 
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