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Introduction 

Recent advances in surgical techniques and multidisciplinary treatments have led to the 

possibility of sphincter preservation for patients with low rectal cancer; however, 

abdominoperineal resection (APR) is recommended for tumors extending beyond the 

intersphincteric plane (1). Intersphincteric resection (ISR) has been proposed as a way to 

preserve sphincter function when used in combination with neoadjuvant chemoradiotherapy 

(nCRT), which has resulted in significant downstaging and downsizing of tumors (2). 

Furthermore, nCRT has modified the concept of decision-making for sphincter-preserving 

surgery (SPS) by shortening the distal resection margin while maintaining oncologic safety 

(3,4). 

Minimally invasive surgery for rectal cancer allows structures in the deep pelvis to be 

visualised more clearly and at greater magnification than conventional surgery (5). However, 

laparoscopic surgery for patients with low rectal cancer following nCRT is technically 

challenging (6). Robotic rectal cancer surgery is favoured over laparoscopic surgery because 

of its wristed instruments (providing enhanced dexterity in the narrow deep pelvis), better 

magnification, and three-dimensional view of the attachment of the levator ani muscle (LAM) 

to the rectum(7). Additionally, the sphincter complex can be seen more clearly with an 

abdominal approach. 

 With advances in pelvic magnetic resonance imaging (MRI), the concept of the distal rule 

has been replaced by the concept of circumferential resection margin (CRM) (8). CRM 

involvement is a well-known risk factor for local recurrence and poor oncologic outcomes, 

which occur more frequently with low rectal cancer than with mid- and upper rectal cancers 

(9-11). These poor outcomes have led to inconsistent decision-making regarding the choice of 

ISR versus APR, resulting in varying rates of SPS for low rectal cancer between hospitals (12). 

Recent advances in diagnostic modalities have resulted in efforts to use MRI assessment of 

tumor–intersphincteric plane relationships to classify low rectal cancer and standardise the 

most appropriate surgical techniques. It has been suggested that invasion of the intersphincteric 

plane by tumor is an absolute contraindication to SPS (13,14). However, when tumor invades 

the ipsilateral LAM at the level of the anorectal ring, we speculated that sphincter-preserving 

en bloc resection of the rectum with the involved LAM could be a good alternative to APR if 

it maintains anorectal function without negatively affecting oncologic outcomes. Based on the 
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results of our anatomic studies, we therefore proposed partial excision of LAM (PELM) as a 

new surgical option for low rectal cancer (15).  

In this study, we examined perioperative, short-term functional, and oncologic outcomes 

of robotic PELM to evaluate the PELM is a new surgical alternative to APR of ELAPR for low 

rectal cancer invading the ipsilateral LAM at the level of the anorectal ring. We used robotic 

surgery to facilitate precise division of the involved part of LAM and achieve a negative CRM 

while preserving the uninvolved anal sphincter complex. 
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Materials & Methods 

Patients 

Medical records of 23 consecutive patients who underwent robotic PELM by a single 

surgeon (NK Kim) from January 2011 to March 2019 were retrieved from a prospectively 

collected database and reviewed for eligibility. All patients had a pathologically confirmed low 

rectal adenocarcinoma located at the level of the anorectal ring and invading or abutting the 

ipsilateral LAM (Figure 1). The institutional review board of Severance Hospital, Yonsei 

University Health System, approved this retrospective study and waived the requirement for 

informed consent because of the study design. 

The inclusion criteria were age 20 to 74 years; pathologic diagnosis of adenocarcinoma of 

the rectum; tumor invading or abutting the ipsilateral LAM at the level of the anorectal ring, 

according to the pretreatment MRI; tumor occupying less than half of the bowel lumen, 

according to preoperative colonoscopy; and general health considered adequate for curative 

surgery. The exclusion criteria were poor anal function; preoperative imaging results showing 

distant metastasis; tumor extending across the mid-line, beyond the ipsilateral LAM at the level 

of the anorectal ring and directly invades or adheres to adjacent organs or structure, according 

to the pretreatment MRI; or tumor occupying more than half of the bowel lumen on 

preoperative colonoscopy. 

 Preoperative staging investigations included the following: colonoscopy with biopsy; 

serum carcinoembryonic antigen (CEA) level; computed tomography (CT) of the chest, 

abdomen, and pelvis; and rectal MRI. nCRT was administered to all patients using a standard, 

long-course, neoadjuvant regimen of 5-fluorouracil (5FU)-based chemotherapy and a total 

dose of 50.4 Gy external-beam radiation. The chemotherapy regimens were either 5-

FU/leucovorin or capecitabine. Surgical resection was performed 6 to 8 weeks after completing 

nCRT. All patients underwent traditional total mesorectal excision (TME) with lymph node 

(LN) dissection. Adjuvant chemotherapy was administered based on the surgical pathology 

results and National Comprehensive Cancer Network guidelines (16).  

Patients were followed at 3-month intervals for the first 3 years after surgery, at 6-month 

intervals for the next 2 years, and annually thereafter. The follow-up assessments included a 

physical examination, endoscopy, chest radiography, serum CEA, abdominopelvic CT, and 

toxicity evaluations. When recurrence was suspected, histologic confirmation, MRI, or 18F-

fluorodeoxyglucose-positron-emission tomography was obtained. Disease recurrence was 

diagnosed according to imaging results or, when possible, histologic findings. 
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Surgical technique 

All patients underwent standard bowel preparation using 4 L of Colyte the day before 

surgery and received antibiotic prophylaxis before skin incision. The surgery was performed 

under general anaesthesia, with the patient placed in the Lloyd-Davies of Pencoed position 

with steep Trendelenburg.  

Robotic PELM consisted of two phases: abdominal phase and perineal phase. Briefly, the 

abdominal phase began with medial to lateral mobilisation of the left colon, including full 

mobilisation of the splenic flexure, central vessel ligation, and TME, and was then followed by 

dissection toward the LAM. Specifically, the abdominal phase consisted of two phases. The 

first phase was the colonic phase, consisting of ligation of the inferior mesenteric vessels and 

mobilisation of the left colon and splenic flexure. The second phase was the pelvic phase, which 

involved pelvic dissection using TME principles. Our technique for robotic TME using the da 

Vinci Surgical System (Intuitive Surgical, Sunnyvale, CA, USA) has been described 

previously(17). Dissection continued to the pelvic floor, consisting of the LAM. The 

puborectalis muscle was exposed at the contralateral side of the tumor. The LAM on the 

ipsilateral side of the tumor was then dissection and excised, leaving an adequate margin. It 

was essential to stop the dissection just above the origin of the LAM and not dissect the 

mesorectum off the LAM. Therefore, dissection was performed down to the coccyx, where the 

origin of the LAM was identified. The LAM was first transected from the coccyx slightly 

distally to its tip and then laterally with an adequate CRM; this was performed under direct 

vision using monopolar curved scissors to enter the ischiorectal fat.  

After completing the pelvic dissection, the perineal phase began. To accomplish this, the 

patient’s hips were first flexed to allow better access to the perineum. An incision was made at 

the intersphincteric groove on the side of the tumor to approach the intersphincteric space. The 

dissection then continued between the internal and external anal sphincters to a level 

approximately 0.5 to 1 cm below the tumor, according to the distance from the anal verge. At 

this point, the dissection continued transversely to include the deep part of the external 

sphincter until the ischiorectal fossa fat was visualised. Dissection then continued in a cephalic 

direction to include the involved part of the LAM; the pelvic cavity was thereby entered. On 

the contralateral side of the tumor, the incision was made just above the dentate line, and 

dissection was conducted in a plane medial to the internal sphincter, allowing entry into the 

pelvic cavity medially to the puborectalis muscle, where the distal rectum was divided in a 

sleeve fashion (Figure 2).  
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After total excision of the rectum, the rectum and sigmoid colon were extracted through 

the anus and transected. A sleeve-fashioned resection was performed to the distal rectum, after 

which bowel continuity was restored using a hand-sewn coloanal anastomosis (CAA). A 

diverting loop ileostomy was then created in all patients. The detailed technique for robotic 

PELM has been described previously with supplementary video clip (18). 

 

Assessment of bowel function 

Bowel function was assessed 6 months after temporary ileostomy takedown using the 

Memorial Sloan Kettering Cancer Center Bowel Function Instrument (MSKCC BFI) and 

Wexner scoring systems to evaluate whether PELM has impaired bowel function or not 

(19,20). The patients were interviewed in person during an outpatient clinic appointment. All 

interviews were conducted by the same interviewer, who fully understood the questionnaire 

but was unaware of the study. The MSKCC BFI consists of 18 items ranked on a five-point 

scale. Fourteen items are classified into three subscales: frequency subscale (six items), dietary 

subscale (four items), and urgency/soilage subscale (four items). The remaining four items are 

single items. Subscale scores are calculated by adding the scores for each item in the subscale, 

and the global score is the sum of the three subscale scores. The total score is the sum of the 

global score and score for each of the four single items. Higher scores indicate better function, 

with a maximum total score of 90 (20). The Wexner score includes five items about solid, 

liquid, or gas incontinence; use of a pad; and lifestyle alterations. Each item is ranked on a five-

point scale, and the total score ranges from 0 (no incontinence) to 20 (complete incontinence) 

(19). 

 

Statistical analysis 

Statistical analyses were performed using SPSS version 23.0 (IBM Corp, Armonk, NY, 

USA). Categorical variables were analysed using the χ2 test. Data are expressed as mean ± 

standard deviation or median and range for numerical variables and as number of cases 

(percentage) for categorical variables.  
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Results 

Baseline patient characteristics and perioperative outcomes 

All patients underwent preoperative chemoradiation followed by robotic PELM and CAA 

for low rectal cancer. Baseline patient characteristics and perioperative outcomes are 

summarised in Table 1. Of the 23 patients included in this study, 43.5% were male and 56.5% 

were female, with a mean age of 55.3 ± 11.2 years. The mean distance of the primary tumor 

from the anal verge was 2.8 ± 0.9 cm. Preoperative MRI showed tumor invasion or abutment 

of the LAM on the right in 39.1% of tumors, on the left in 47.9% of tumors, and posteriorly in 

13.0% of tumors. The mean operative time and blood loss were 374.4 ± 124.9 min and 321.7 

± 629.7 mL, respectively. The mean duration of postoperative hospital stay was 11.4 ± 9.1 

days. 

Overall, seven postoperative morbidities were recorded, including anastomotic leakage 

(four patients; 17.4%), parastomal hernia (one patient; 4.3%), and acute urinary retention (two 

patients; 8.7%). Among 23 patients, 17 (73.9%) underwent reversal of the diverting ileostomy. 

Of the six patients who did not undergo ileostomy reversal, three patients had complications 

related to anastomotic leakage: two had a chronic sinus demonstrated by MRI and one had a 

rectovaginal fistula. The other three patients underwent salvage APR because of local 

recurrence. 

 

Pathologic outcomes 

The tumor regression grades after preoperative chemoradiation based on the Mandard 

classification [23] were as follows: grade 1, five (21.7%) patients; grade 2, four (17.4%) 

patients; grade 3, nine (39.1%) patients; and grade 4, five (21.7%) patients (Table 2). The 

pathologic complete regression rate was 21.7%. LN metastasis was present in eight (34.7%) 

patients. Two (8.7%) patients had lymphovascular invasion, and five (21.7%) patients had 

perineural invasion. A total of 21 (91.3%) patients had a negative CRM, which was the primary 

goal of PELM. Mean distances from tumor to the proximal and distal margins were 17.6 ± 4.2 

cm and 1.1 ± 0.7 cm, respectively. No patient had a positive distal margin. 

 

Oncologic outcomes 

The median follow-up duration was 44.1 months. The estimated 3-year overall survival 

rate after PELM was 95.0%, and the estimated 3-year disease-free survival rate was 72.4%. 

Local recurrence occurred in three of 23 patients during follow-up, and the 3-year local 
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recurrence rate was 14.4%. Local recurrence was located at the anastomosis site in 66% (2 of 

3) of these patients and in the presacral space in 33% (1 of 3) (Figure 3). All patients with local 

recurrence underwent salvage APR for treatment of this recurrence. Notably, all resection 

margins, including CRM, were negative in the index surgery for those patients with local 

recurrence. 

Systemic recurrence was also observed in three of the 23 patients. This was diagnosed 

within the first year after index surgery in one patient, within 2 years in another patient, and 

within 3 years in the remaining patient. Systemic recurrence occurred in the liver, lungs, and 

para-aortic LN. Treatment details of systemic recurrence are shown in Table 4. No patient had 

both distant and local recurrences. Only one patient died of disease progression (despite salvage 

APR) after local recurrence at the anastomosis site. 

 

Functional outcomes 

Details of functional outcomes after robotic PELM are shown in Table 3 for 15 of 17 

patients who underwent reversal of diverting ileostomy. Data for the other two patients could 

not be analysed for functional outcomes because the interval after ileostomy reversal was less 

than 6 months. At 6 months after reversal of the temporary ileostomy, the mean frequency 

subscale was 29.1 ± 6.2, the mean dietary subscale score was 15.1 ± 4.4, the mean 

urgency/soilage subscale score was 9.5 ± 3.4, and the mean single items score was 11.2 ± 2.1. 

The mean MSKCC BFI total score was 64.9 ± 8.8. The mean Wexner score at 6 months after 

restoration of bowel continuity was 11.0 ± 5.8. 

Regarding the change in bowel function during the follow-up period, both MSKCC BFI 

and Wexner score were improved at 1 year after the restoration of bowel continuity except for 

the single item score for 12 of 17 patients who underwent reversal of diverting ileostomy. Data 

for the other three patients could not be analysed for functional outcomes because the interval 

after ileostomy reversal was less than 1 year. At 1year after reversal of the temporary ileostomy, 

the mean frequency subscale was 30.3 ± 8.8, the mean dietary subscale score was 16.6 ± 3.3, 

the mean urgency/soilage subscale score was 10.5 ± 4.8. The mean MSKCC BFI total score 

was 68.3 ± 11.9. The mean Wexner score at 1 year after restoration of bowel continuity was 

10.7 ± 5.3. 
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Discussion 

Based on anatomic studies, we recently proposed a new surgical treatment for low rectal 

cancer, PELM (15). nCRT followed by robotic PELM with ISR and CAA may provide 

increased opportunity to preserve the anal sphincter in patients with tumor invading the 

ipsilateral LAM at the level of the anorectal ring, which is traditionally treated with APR. 

Previous investigators have reported that the LAM attaches directly to the longitudinal 

muscle of the rectum and that the LAM and external sphincter overlap within the anal canal 

(21,22). In our anatomic and histologic examinations of two human cadaveric pelvises, we 

observed that the LAM attached directly to the lateral surface of the longitudinal smooth 

muscle of the rectum. Furthermore, microscopic findings at the level of the anorectal ring 

showed that the LAM partially overlapped with the external anal sphincter, as smooth and 

skeletal muscles intermingled with each other.  

Achieving a safe resection margin is the primary endpoint of surgical modalities for low 

rectal cancer. In this study, only two patients (8.7%) had CRM involvement, including the 

resection margin of the excised LAM. Additionally, no patient had a positive distal resection 

margin, which supports the oncologic safety of PELM. Of note, the two patients with CRM 

involvement were among the first cases who underwent PELM. Our results are comparable to 

the findings of a recent systematic review, which reported positive CRM rates of 13.1%–33.1% 

and 14.7%–33.1% after APR and extralevator APR (ELAPR), respectively (23,24). Our 

favourable resection margin results may be attributed to the use of a robotic system to overcome 

the technical limitations of laparoscopic surgery during LAM dissection(25). Transabdominal 

resection of the levators using robotic assistance, as described in our technique, provides 

controlled LAM transection under direct vision. This minimizes the risk of accidental injury to 

vascular structures along the lateral pelvic wall, which may occur with a perineal approach to 

LAM transection. Our technique also offers the flexibility of varying the extent of LAM 

excision depending on the tumor's location. This is particularly beneficial for tumors with LAM 

infiltration, for which a wider excision under direct visualisation on the affected side is possible 

with robotic assistance. To secure a CRM for tumors invading the ipsilateral LAM at the level 

of the anorectal ring, the deep part of the external sphincter should be included in the area of 

dissection. Therefore, the robotic system may play an important guiding role for finding the 

correct surgical plane during the perineal phase. 

During a median follow-up period of 44.1 months, the local recurrence rate was 14.4%. 

Local recurrence rates of 0%–13% have been reported after extralevator (23,26), and in some 
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studies, these rates have been significantly lower than after APR (15%–19%) (23,27). In this 

regard, using historical comparison groups was a limitation of the current study. The current 

study was similar to previous studies in that it included patients with low rectal cancer; 

however, patients receiving PELM may have differed in oncologic outcomes because their 

tumors were clinically T4 cancers, located at the level of the anorectal ring. 

Anastomotic leakage after rectal cancer surgery is one of the main concerns. In the current 

study, the anastomotic leakage rate after CAA was 17.4%. This rate is similar to the 5.0%–

21.5% rates previously reported for CAA after resection of low rectal cancer(28). Moreover, 

our overall postoperative morbidity rate was 30.4%, which was lower than the morbidity rates 

reported for APR and ELAPR. This may be explained by the absence of a wide perineal wound 

with PELM, which has been associated with a high rate of wound complications (10.7%–

59.3%) (23). 

Besides a safe resection margin, preservation of faecal continence is the most important 

goal for ensuring good quality of life. ISR, as an alternative to APR, avoids permanent 

colostomy; however, patients may develop low anterior syndrome (29), which can substantially 

affect their quality of life. Colostomy might be a more satisfactory option for some of these 

patients (30). Our results suggest that an intact contralateral anorectal ring and anal sphincter 

complex can compensate for incontinence that might be caused by PELM. In our patients, the 

Wexner (10.7 ± 5.3) and MSKCC BFI (68.3 ± 11.9) scores at 1 year after restoration of bowel 

continuity were comparable to those observed after ISR (31-33). Saito et al. reported a mean 

Wexner score of 11.2 ± 4 at 6 months after stoma closure in 110 patients, with further monthly 

improvements in anal function until 24 months after stoma closure (33). Moreover, Ihn et al. 

reported the mean total MSKCC score 64.5 ± 7.6 at 1 year after stoma closure in 266 patients 

who underwent sphincter-preserving rectal cancer surgery (31). Our results are also consistent 

with those of a recently published study in our institution assessing bowel dysfunction after 

SPS for rectal cancer. The authors dichotomised patients according to median total MSKCC 

score using 65 as the cut-off for poor bowel function and suggested that bowel function 

stabilised with time (32).  

Our PELM outcomes demonstrated that use of MRI has improved the accuracy of 

preoperative evaluation, enabling precise selection of patients for specific surgical procedures 

and thereby allowing patients who may otherwise be considered APR candidates to undergo 

less extensive surgery (34). Recently, efforts have been made to classify low rectal cancer and 

standardise surgery based on MRI findings (13,14). However, these studies uniformly 
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recommended APR for low rectal cancer involving the LAM, without considering the laterality 

of involvement. By contrast, we showed that robotic PELM may be successfully performed, 

with low CRM involvement and acceptable functional outcomes, in patients with tumor 

invading the ipsilateral LAM at the level of the anorectal ring.  

This study has some limitations. First, we could not obtain complete oncologic outcomes 

because of the duration of follow-up. Second, the number of patients was quite small. Finally, 

the anal sphincter function was not evaluated by objective tools such as manometry before 

PELM. Nonetheless, this study showed the safety and feasibility of this new SPS in well-

selected patients who want to avoid loss of the anal sphincter complex and the need for a 

permanent colostomy. From this perspective, the novel PELM technique is another step in the 

development of anal sphincter preservation strategies through advances in minimally invasive 

techniques and anatomic knowledge. 

 

Conclusion 

In conclusion, PELM is a new surgical alternative to APR or ELAPR for low rectal cancer 

invading the ipsilateral LAM at the level of the anorectal ring. The benefits of this SPS can be 

maximized when combined with robotic surgery, which enables more precise surgery. 
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Legends 

Table 1. Baseline characteristics and perioperative outcomes 

Table 2. Surgical pathology results 

Table 3. Defecation functional outcomes of 15 patients who underwent ileostomy reversal 

Table 4. Details for all 23 patients 

 

Figure 1. Pretreatment pelvic magnetic resonance imaging. Axial (A) and coronal (B) views 

of a tumor extending across the mid-line, beyond the ipsilateral levator ani muscle (LAM) at 

the level of the anorectal ring, for which abdominoperineal resection (APR) or extralevator 

APR was indicated. Axial (C) and coronal (D) views of a tumor invading the ipsilateral LAM 

at the level of the anorectal ring, for which partial excision of LAM was indicated. 

 

Figure 2. Schematic coronal view of the extent of resection for partial excision of the levator 

ani muscle through the intersphincteric plane and sleeve-fashioned distal rectum resection. The 

red arrow indicates the abdominal phase, and the blue arrow indicates the perineal phase. 

 

Figure 3. (A) Three-year overall survival (OS). (B) Three-year disease-free survival (DFS). 

(C) Local recurrence. 
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TABLE 1. Baseline characteristics and perioperative outcomes  
Characteristics and outcomes Value (N=23)  
Age (y) 55.3 ± 11.2 

Sex  

Male 10 (43.5%) 

Female 13 (56.5%) 

ASA physical status classification  

I 3 (13.0%) 

II 17 (73.9%) 

III 3 (13.0%) 

BMI, mean (kg/m2) 22.7 ± 3.8 

Tumor distance from anal verge (cm) 2.8 ± 0.9 

Excised side of levator ani muscle  

Right 9 (39.1%) 

Left 11 (47.9%) 

Posterior 3 (13.0%) 

Duration of operation (min) 374.4 ± 124.9 

Intraoperative blood loss (mL) 321.7 ± 629.7 

Postoperative length of hospital stay (d) 11.4 ± 9.1 

Overall complications 7 (30.4%) 

Anastomotic leakage* 4 (17.4%) 

Parastomal hernia 1 (4.3%) 

Acute urinary retention 2 (8.7%) 

Clavien Dindo classification of 

complications 
 

Grade I 0 

Grade II 4 (17.3%) 

Grade III 3 (13.1%) 

Grade IV 0 

Grade V 0 

Major complications (CD grade ≥III) 3 (13.0%) 

Ileostomy reversal 17 (73.9%) 

Permanent stoma 3 (13.1%) 

Adjuvant chemotherapy 19 (82.6%) 
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* Out of 4 patients with anastomotic leakage, 2 patients had wound infections. 

Data are mean ± standard deviation or number (percentage). 

ASA, American Society of Anesthesiologists; BMI, body mass index; CD, Clavien Dindo. 
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TABLE 2. Surgical pathology results  
Characteristics Value (N=23) 
Mandard grade  

I 5 (21.7%) 
   II 4 (17.4%) 
   III 9 (39.1%) 
   IV 5 (21.7%) 
ypT stage  

pCR 5 (21.7%) 
ypT1 4 (17.4%) 
yPT2 5 (21.7%) 
yPT3 7 (30.4%) 
ypT4 2 (8.7%) 

ypN stage  

ypN0 15 (65.2%) 
ypN1 7 (30.4%) 
ypN2 1 (4.3%) 

Histologic subtype  

Well differentiated 1 (4.3%) 
Moderately differentiated 17 (73.9%) 
Poorly differentiated 4 (17.4%) 
Mucinous 1 (4.3%) 

LVI (+) 2 (8.7%) 
PNI (+) 5 (21.7%) 
Tumor size (cm) 1.7 ± 1.6 
Circumferential resection margin (+) 2 (8.7%) 
Distance of resection margin (cm)  

Proximal 17.6 ± 4.2 
Distal 1.1 ± 0.7 

Data are mean ± standard deviation or number (percentage). 

LVI, lymphovascular invasion; PNI, perineural invasion. 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

 21 

TABLE 3. Details for all 23 patients 

# TRG ypTN 
CRM  

(mm) 

CRM  

(+) 

Adjuvant  

CTx 

Ileostomy 

reversal 

F/U period 

(mo) 

Recurrence 

type 

Treatment for 

recurrence 

Result of 

salvage 

operatio

n 

Death 
Complete 

incontinence 

1 1 ypT0N0 2 No No Yes 92    No No 

2 3 ypT1N0 3 No FL No 70    No - 

3 2 ypT1N0 5 No No Yes 58    No No 

4 3 ypT2N0 1.2 No Capecitabine No 53    No - 

5 3 ypT2N0 3 No FL APR 27 Local APR CRM (+) Yes - 

6 4 ypT3N1b 4 No FOLFOX Yes 52    No No 

7 1 ypT0N0 2 No Capecitabine Yes 52    No No 

8 1 ypT0N0 1.5 No Capecitabine Yes 51    No Yes 

9 1 ypT0N1a 2 No Capecitabine Yes 51    No Yes 

10 2 ypT2N1a 3 No No Yes 50    No Yes 

11 2 ypT2N0 3 No Capecitabine APR 48 Local APR CRM (+) No - 

12 3 ypT4N1b 0 Yes FOLFOX Yes 28 Systemic C-FOLFIRI  No No 

13 3 ypT3N0 1.5 No FOLFOX Yes 27    No N.A. 

14 4 ypT3N1a 4 No FOLFOX Yes 27    No No 

15 3 ypT3N0 4 No FOLFOX APR 26 Local APR CRM (-) No - 

16 3 ypT3N2a 2 No FOLFOX Yes 25    No No 

17 1 ypT0N0 1.5 No Capecitabine Yes 23 Systemic B-FOLFOX  No No 

18 2 ypT1N0 1.2 No No Yes 79 Systemic B-FOLFOX  No No 

19 3 ypT4N0 0.5 Yes Capecitabine No 40    No - 
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20 4 ypT3N1b 1.2 No FOLFOX Yes 41    No No 

21 4 ypT2N0 1.5 No Capecitabine Yes 30    No No 

22 3 ypT3N1b 1.5 No FOLFOX Yes 22    No No 

23 4 ypT1N0 1.8 No Capecitabine Yes 14    No N.A. 

B-FOLFOX, bevacizumab with fluorouracil plus leucovorin and oxaliplatin; APR, abdominoperineal resection; CRM, circumferential 

resection margin; CTx, chemotherapy; C-FOLFIRI, cetuximab with fluorouracil plus leucovorin and irinotecan; FL, fluorouracil plus 

leucovorin; FOLFOX, fluorouracil plus leucovorin and oxaliplatin; F/U, follow-up; N.A., not available; TRG, tumor regression grade 

(Mandard grade). 
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TABLE 4. Defecation functional outcomes of patients who underwent ileostomy reversal 

Outcome Score (6 months after ileostomy repair)a  Score (1yr after ileostomy repair)b 

Wexner score 11.0 ± 5.8 10.7 ± 5.3 

MSKCC BFI score    

Total score 64.9 ± 8.8 68.3 ± 11.9 

Frequency subscale 29.1 ± 6.2 30.3 ± 8.8 

Dietary subscale 15.1 ± 4.4 16.6 ± 3.3 

Urgency/soilage subscale 9.5 ± 3.4 10.5 ± 4.8 

Single itemsc 11.2 ± 2.1 10.9 ± 3.4 

Data are mean ± standard deviation.  
a 15 of 17 patients who underwent reversal of diverting ileostomy 
b 12 of 17 patients who underwent reversal of diverting ileostomy 
a Sum of the four single item scores 

MSKCC BFI, Memorial Sloan Kettering Cancer Center Bowel Function Instrument. 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

A. B.

C.


