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Abstract

Objective: To determine the disease free survival (DFS) and recurrence after the treatment of 

patients with rectal cancer with open (OPEN) or laparoscopic (LAP) resection.

Background: This randomized clinical trial (ACOSOG (Alliance) Z6051), performed between 

2008–2013, compared LAP and OPEN resection of Stage II/III rectal cancer, within 12 cm of the 

anal verge (T1–3, N0–2, M0) in patients who received neoadjuvant chemoradiotherapy. The 

rectum and mesorectum were resected using open instruments for rectal dissection (included 

hybrid hand-assisted laparoscopic) or with laparoscopic instruments under pneumoperitoneum. 

The 2 year DFS and recurrence were secondary endpoints of Z6051.

Methods: The DFS and recurrence were not powered and are being assessed for superiority. 

Recurrence was determined at 3, 6, 9, 12 and every 6 months thereafter using carcinoembryonic 

antigen, physical exam, computed tomography and colonoscopy. 486 patients were randomized to 

LAP (243) or OPEN (243), with 462 eligible for analysis (LAP=240 and OPEN=222). Median 

follow up is 47.9 months.

Results: 2 year DFS was LAP 79.5% (95%CI, 74.4–84.9) and OPEN 83.2% (95% CI, 78.3–

88.3). Local and regional recurrence was 4.6% LAP and 4.5% OPEN. Distant recurrence was 

14.6% LAP and 16.7% OPEN.

DFS was impacted by unsuccessful resection (HR 1.87, 95% CI, 1.21–2.91): (composite of 

incomplete specimen (HR 1.65, 95% CI, 0.85–3.18); positive circumferential resection margins 

(HR 2.31, 95% CI, 1.40–3.79); positive distal margin (HR 2.53, 95% CI, 1.30–3.77).

Conclusion: Laparoscopic assisted resection of rectal cancer was not found to be significantly 

different to OPEN resection of rectal cancer based on the outcomes of DFS and recurrence.

Mini-Abstract: Reporting of the secondary endpoint of the disease free survival of a multi-center 

non-inferiority randomized clinical trial (ACOSOG (Alliance) Z6051) performed between 2008–

2013 comparing LAP and OPEN low anterior and abdominoperineal radical resection for Stage 
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II/III rectal cancer. Disease free survival two years after resection was found to be similar for 

patients treated with laparoscopic or open techniques for proctectomy.

INTRODUCTION

Minimally invasive treatment of rectal cancer improves short-term outcomes for patients in 

the areas of pain, recovery, complications and quality of life. The mixed results from reports 

in 2015 on the immediate surrogate markers of oncologic outcomes after laparoscopic-

assisted approaches to rectal resection for cancer have caused some of the surgical world to 

pause.1,2,3,4 The resulting controversy over the appropriateness of minimally invasive 

approaches to rectal cancer has been significant.5 It has forced the needed discussion and 

action to assure excellent surgical technique and develop ways to provide quality assurance 

for the surgical care of rectal cancer specifically.

The critical nature of surgical technique in the management of rectal cancer has been shown 

by Quirke and Heald and in the past.6 This stimulated surgeons to prove that the minimally 

invasive approach to rectal cancer was safe, feasible and appropriate on an oncologic basis.7 

The American College of Surgeons Oncology Group (ACOSOG) Z6051 randomized 

controlled trial reported that the laparoscopic treatment of rectal cancer (LAP) did not meet 

criteria for non-inferiority because the composite score of completeness of total mesorectal 

excision (TME) specimen, negative circumferential radial margins (CRM) and negative 

distal margins (DM) was greater than 6% lower than the score for open (OPEN) resection of 

rectal cancer. The Laparoscopic Assisted Resection vs Open Resection on Pathologic 

Outcomes in Rectal Cancer (ALaCaRT) Study from Australia simultaneously confirmed this 

finding, using a protocol based on the ACOSOG Z6051 protocol with minor adjustments.1,2 

In both studies, the never-before validated composite oncologic score reduced the number of 

necessary enrolled patients, provided a means for immediate evaluation of a new technique 

and a mechanism to avoid potential harm to our patients given the uncertainty of the ability 

to duplicate good outcomes. A metadata analysis of these and two other studies is planned 

based on similarity of design.

The secondary and clearly more relevant outcomes of the Alliance (ACOSOG) Z6051 RCT 

are the disease free survival (DFS) and local and regional recurrence (LR) rates at two years. 

The study was designed primarily to ascertain non-inferiority of LAP resection of Stage II-

III rectal cancer compared to OPEN resection for the surgical quality composite endpoint.1 

The follow-up period for the secondary outcomes is now complete and is reported herein.

METHODS

The details of this multicenter randomized non-inferiority study including eligibility criteria, 

interventions, sample size justification, randomization, hypothesis and primary results were 

reported previously in JAMA.1 Randomization was performed centrally. Through the use of 

a minimization algorithm, laparoscopic-assisted or open rectal resection was assigned to 

minimize imbalance with respect to the following stratification variables: surgeon, site of 

primary tumor (high, middle, or low rectum according to the sub-classification of the 12 cm 

of rectum into equal thirds), and planned operative procedure (low anterior resection with 
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anastomosis or abdominoperineal resection with colostomy). No blinding of interventions 

was conducted. Patients received neoadjuvant therapy according to current recommendations 

for the participating institution, which usually included at least 25 fractions of 200 cGy of 

external beam irradiation over a 5-week period and a systemic radiation enhancer based on 

5-fluorouracil (FU). Patients waited 6 to 12 weeks before undergoing operation. Adjuvant 

chemotherapy after operation was recommended based on pretreatment Stage II-III, 

following National Comprehensive Cancer Center Guidelines.8 Each participant signed an 

IRB-approved, protocol-specific informed consent document in accordance with federal and 

institutional guidelines.

Patients were assessed after operation at day 3, 1–2 weeks, 4–6 weeks, 3, 6, 9, 12, 18, and 24 

months, and every 6 months thereafter, for as long as possible, according to the practice of 

the institution. Reporting to the central data center through ACOSOG, (now part of the 

Alliance for Clinical Trials in Oncology (Alliance)), was required for five years. Patients 

underwent physical exam, review of symptoms suggestive of recurrence, yearly computed 

tomography (CT) of chest, abdomen and pelvis, carcinoembryonic antigen (CEA) at each 

visit after 3 months and colonoscopy at years 1, 3 and 5. Positron emission tomography 

(PET) or biopsy confirmation of recurrence was considered adequate by the Steering 

Committee.

Outcomes

This report of the Alliance (ACOSOG) Z6051 study addresses the secondary endpoint of 2-

year DFS and LR rates. The trial was not powered in terms of the secondary endpoint and 

any lack of difference found between arms is not an indication of the two interventions not 

being different. DFS is determined at the first event of either recurrent disease (local, distant 

or regional) or death, if occurring without recurrence, and those without a recurrence or 

death were censored at their last assessment for follow-up. LR is assessed as either local or 

regional recurrence. Distant recurrence is metastasis to an organ or area outside the pelvis. 

Time-to-event is time from surgery to first event. Patients without recurrence were censored 

at their last recurrence-free assessment. Thirty-two patients had no assessment for 

recurrence conducted and are censored at date of death (n=9) or last date known alive (n=23, 

median follow-up 7.9 months, Interquartile Range (IQR) 3.0 – 37.9 months). A sensitivity 

analysis was conducted for recurrence without these patients to assess impact of inclusion. 

No difference was seen (results not shown).

Statistical Methods

Analysis was performed on a modified intent-to-treat basis according to the protocol where 

any patient who did not receive surgery (n=24) is removed from analysis.1 Patients in the 

LAP group who were converted to an open procedure were analyzed in the LAP group. 

Time-to-event of DFS and time to LR was analyzed by Kaplan-Meier plots and log-rank 

testing. Cox proportional hazard models were adjusted by sex, age, surgeon, ECOG 

performance status and location of tumor (low, middle or high) as determined in the original 

protocol. As these adjustments had little impact on conclusions, the results presented are 

from unadjusted analysis. The rates of local, distant and regional recurrence, as well as 

development of a new primary, are presented as frequencies and percentages.
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Ancillary analysis was performed to identify factors of association with DFS and recurrence. 

These included the primary analysis of a composite score of surgery where all items had to 

meet criteria to be considered successful (composite endpoint of; quality of TME specimen 

(complete or nearly complete), CRM > 1 mm and DM > 1 mm)), as well as univariate 

analysis of each individual component of the composite score of successful operation which 

were modeled separately. A number of variables that are considered clinically relevant were 

also analyzed; location of primary tumor (low < 5 cm, middle 5–8 cm or high 9–12 cm 

above the anal verge) position in the rectum; surgical approach (abdominoperineal resection 

(APR) vs. low anterior resection (LAR) vs. low anterior resection and coloanal anastomosis 

(LAR + CAA)), rectal perforation, and tumor size (cm)). Multivariable Cox proportional 

hazards models were created to assess the association of clinically relevant variables with 

DFS and LR, while adjusting for the surgical technique (OPEN vs. LAP). Logistic 

regression was performed to assess the association of clinical factors (surgical approach and 

location of tumor) with rectal perforation.

Level of significance was set at 5% with 2-sided tests. Assumptions were verified for all 

results presented. Analysis was performed with SAS software v.9.4 (SAS Institute Inc., 

Cary, NC, USA) and verification of model assumptions and Cox proportional hazards 

models were performed with R v.3.2.3 (R Foundation for Statistical computing, Vienna, 

Austria) using the Survival Package. All analyses were based on the study database frozen 

on June 26, 2017. Data collection and statistical analyses were conducted by the Alliance 

Statistics and Data Center. Data quality was ensured by review of data by the Alliance 

Statistics and Data Center and by the study chairperson following Alliance policies. This 

phase III therapeutic trial was monitored by the ACOSOG (Alliance) Data and Safety 

Monitoring Committee.

RESULTS

Credentialed surgeons (49) at 35 Alliance/ACOSOG institutions participated between 

October 2008 and September 2013, to randomize 486 Stage II-III rectal cancer patients to 

LAP (n=243) or OPEN (n=243) arms. The baseline characteristics of these patients were 

balanced across arms and included only T1 to T3 and N0 to N2 (no T4) tumors. Of these, 

462 are evaluable for multivariable analysis (LAP=240, OPEN=222). Median follow-up at 

the time of analysis was 47.9 months (IQR 31.2–59.4 months) for all patients and 49.5 

months (IQR 36.1–60.1 months) for those still alive.

Adjuvant therapy compliance was similar between the two surgical groups; 196 (81.7%) 

LAP and 174 (78.4%) open. A majority of patients received either 5-FU or Oxaliplatin or 

some combination (Table 1).

Disease Free Survival

The 2 year DFS for LAP patients was 79.5% (95% CI, 74.4–84.9) and for OPEN was 83.2% 

(95% CI, 78.3–88.3), with no statistical difference found between LAP and OPEN groups 

(Figure 1). Similar rates of DFS were observed up to 4 years (LAP 75.2%, 95% CI, 69.6–

81.1, OPEN 73.2%, 95% CI, 67.2–79.8). An unsuccessful composite score for surgery was 

associated with reduced DFS (1.87 HR, 95% CI, 1.21–2.91) (Table 2). When examining 
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each component of a successful surgery separately, only the CRM significantly influenced 

DFS (HR 2.31, 95% CI 1.40–3.79). Additionally, DFS was significantly worse for patients 

with stage II/III rectal cancer who underwent APR (low rectal cancer) compared to LAR 

(HR 2.21, 95% CI, 1.30–3.77) whereas LAR+CAA and LAR were not significantly different 

(Figure 2). Rectal perforation had a lower Kaplan Meier estimate of DFS in patients at 2 

years (70.7%, 95% CI, 59.6–83.9 vs. 82.7%, 95% CI, 79.1–86.6) and increased risk of any 

recurrence (HR of 1.65, 95% CI, 1.00–2.71).

Recurrence: Local, Regional and Distant

Overall, the use of LAP technique did not increase the risk of any recurrence compared to 

OPEN (Kaplan Meier Estimate at 2 years: LAP 80.6% (95% CI, 75.5–86.1); OPEN 83.9% 

(95% CI, 78.9–89.2)). (eTable 1 in the Supplement) LR was similar for the groups (LAP 

2.1%; OPEN 1.8%; log-rank p=0.86). Distant metastasis was similar between groups (LAP 

14.6%; OPEN 16.7%). (Table 1)

Unsuccessful surgery, based on the composite score and influenced mostly by positive 

CRM, significantly increased recurrence (p=0.006) (eTable 1 in the Supplement). 

Incomplete TME was not found to be a significant determinant of any recurrence. Rectal 

perforation resulted in a higher risk of any recurrence, though not significant (HR 1.59, 95% 

CI, 0.92–2.74). Patients undergoing APR had greater risk for any recurrence compared to 

LAR (p=0.007) whereas LAR+CAA was not significantly different. Tumor in the low 

rectum had a recurrence free survival rate of 80.5% (95% CI, 75.2–86.1) whereas those not 

in the lower rectum (middle and high) had a rate of 83.7% (95% CI, 78.9–88.9). The risk of 

recurrence decreased with each additional centimeter between the tumor and the anal verge 

in a consistent way (p=0.056). (eTable 1 in the Supplement)

Factors Influencing Perforation of the Rectal Specimen and Incomplete TME

In the previous report from the Z6051, it was noted that there was a higher rate of 

macroscopic rectal perforation than expected as reported by the pathologist (LAP-15.4%, 

OPEN-9.5%, p=0.054). Subset analysis reveals that APR has a significant relationship with 

the occurrence of rectal perforation in the entire study population compared to LAR and 

LAR+CAA.(36%, 4%, 6% respectively, p<0.0001).(eTable 2 in the Supplement) Patients 

with rectal perforation were found to have a higher incidence of low lying tumors than those 

without perforation (19% vs 6%, p<0.0001). As a result, the risk of rectal perforation is 

significantly influenced by the need for APR and not LAR or LAR+CAA (OR 10.8 95% CI, 

3.9–29.9), p<0.0001). Laparoscopic approach did not significantly affect the risk of 

perforation (p=0.06) (eTable 3 in the Supplement).

DISCUSSION

Summary

Two year disease free survival and local recurrence rates were not found to be different 

between patients treated with laparoscopic and open proctectomy for Stage II-III rectal 

cancer enrolled and followed in the Alliance (ACOSOG) Z6051 randomized controlled trial. 

This is different than the finding of the earlier report for the short-term composite surrogate 
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oncologic outcomes which suggested that laparoscopic methods could not be considered 

“non-inferior” to open techniques. These results are reassuring for patients undergoing 

proctectomy via a minimally invasive approach. It is now also apparent after multivariable 

analysis that the positive CRM is the most important factor in the composite score of an 

unsuccessful operation. APR was significantly related to rectal perforation, lower DFS and 

higher LR than LAR and LAR+CAA. Very importantly laparoscopic technique was not an 

independent predictor of rectal perforation. Low rectal tumors were more common in the 

setting of rectal perforation and the risk of LR increased incrementally by proximity of the 

tumor to the anal verge.

Interpretation

Even though the low rectal tumor position did not significantly negatively impact DFS or 

LR, there is a trend towards increased risk of poorer outcome. This fact is substantiated by a 

consistent increase in LR with diminishing distance of the tumor from the anal verge. 

Patients who underwent APR and LAR+CAA had higher rates of LR and lower DFS than 

LAR, with APR being significantly different. As a result, depending upon individual 

surgeon technical abilities, experience and judgment, it may be appropriate to take a more 

conservative approach to the use of minimally invasive procedures for low rectal cancer. The 

determining factor in the choice of operative therapy should thus be whether or not a clean 

resection without perforation can be accomplished.9 There is a report of a translevator 

approach to extralevator (wide) resection of advanced and locally invasive tumors using 

minimally invasive techniques but it is likely to be only in the hands of a select few experts.
10 New alternatives such as robotic surgery, TaTME and extralevator perineal APR could 

provide lower recurrence and better outcomes by reducing positive CRM and rectal 

perforation during the operation.

Current data from Europe and the UK indicate that in a multidisciplinary setting selective 

use of the neoadjuvant and adjuvant therapies may be more appropriate than broad stroke 

application to all patients.11,12 Multimodality therapy could be limited to only those patients 

with biologically high risk tumors (poorly differentiated, extramural venous invasion, 

lymphovascular invasion, nodal involvement), threatened CRM and low rectal cancers 

planned for APR and LAR+CAA. Individuals with high and middle rectal cancer, where 

LAR is possible with low rates of rectal perforation and positive CRM, can be spared toxic 

and costly treatment.

Generalizability

The surgeons who participated in this trial are considered experts in minimally invasive 

colorectal surgery. The surgical outcomes are therefore applicable to surgeons with adequate 

training and ongoing experience with patients having rectal cancer. The risk of a positive 

CRM seems to predict the greatest risk of worse outcomes regardless of the use of 

minimally invasive techniques. Unfortunately we do not have data on preoperative CRM 

potential positivity since local staging was performed by endorectal ultrasound or MRI 

without specific mention of threatened CRM. If skill is adequate to achieve a clear CRM, 

any technique for proctectomy is appropriate, including laparoscopy, to provide a successful 
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operation. In fact current data suggest that laparoscopic technique can provide wider margins 

and negative CRM in the pelvis.10

Any hesitancy or question of ability in that circumstance should result in either conversion to 

a technique which can obtain a negative CRM or obtaining assistance from a more expert 

individual.

Much has been written regarding the impact of poor surgical technique on local recurrence 

in patients with rectal cancer.13 This trial has built in technical credentialing of surgeons, 

audit for quality of the LAP procedure and audit of photographs of the TME specimen to 

guarantee the best surgical outcome. Some of these principles are being incorporated into the 

National Accreditation Program for Rectal Cancer treatment managed by The American 

College of Surgeons and the Commission on Cancer.14 The education of surgeons and the 

multidisciplinary treatment of rectal cancer have improved outcomes for patients in Europe 

and the UK.12 Expert surgeons are a critical feature of the improvement and our next task in 

the US is to create the infrastructure for all patients with rectal cancer to be treated only by 

expert surgeons, related specialists and oncologists focused on this disease.

Overall Evidence

The ALaCaRT study report of over 475 randomized Stage I-IV rectal cancer patients 

comparing LAP and OPEN resection of rectal cancer confirmed the lack of non-inferiority 

for LAP resection of rectal cancer.2 The protocol was based on the Z6051 protocol with an 

8% clinical deficit in immediate composite surgical oncologic outcomes to declare 

inferiority as the endpoint. Incomplete TME and CRM positivity resulted in the unsuccessful 

operations that caused the laparoscopic arm of the study to fail to achieve non-inferiority. 

The COLOR II trial was an international trial enrolling over 1000 patients with Stage I-III 

rectal cancer, did not require neoadjuvant or adjuvant therapy and resulted in no difference 

in outcomes or survival between the LAP and open groups.4 This study used a different 

definition of the rectum (<15 cm from the anal verge) and allowed a 2 to 1 accrual for LAP 

to open cases. The LR rates for laparoscopy (4.4%) were superior to laparotomy (11.7%). 

The COREAN trial was designed from the Z6051 protocol and showed an improved 

composite operative success rate for LAP compared to open and has resulted in similar 

survival for both groups.3 The BMI for this group was <25 compared to <35 for the Z6051 

and ALaCaRT groups. These 4 groups of patients will be tapped for a metadata analysis to 

look at immediate surgical oncologic outcomes and survival.

Limitations

The use of a composite score for a successful operation in the original publication from this 

study was designed to reduce the time needed to discover potential unfavorable outcomes of 

a new technique and allowed us to compare the end result of a surgical technique 

immediately. The immediate surgical specimen outcome has not translated into a large 

enough difference in clinical outcomes to be measured. While the intent was good, the 

composite score may have confused the issue. Both positive CRM and poor TME quality 

have been shown to be indicative of reduced survival and increased local recurrence but 

small numbers of events in this study may explain why TME quality did not impact DFS.
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Also, high quality surgery may still yield positive CRM due to biologic behavior of the 

tumor and negatively influence LR and DFS. This can be wrongly attributed to the failure of 

the surgical technique. A study looking at the ability of laparoscopic techniques to achieve 

negative margins in the setting of threatened circumferential margins on rectal cancer 

protocol MRI would go a long way to answer this issue. Quality of life data were not 

available at the time of this report and will be reported separately.

Unfortunately, our study was not powered to find non-inferiority for DFS and LR. 

Therefore, the lack of difference found between arms cannot be used to conclude that no 

difference exists between laparoscopic resection and open operation, given some of the 

trends noted. Longer follow-up may still be informative since time to recurrence is longer 

after preoperative chemoradiation.

Conclusion

Laparoscopic assisted resection of rectal cancer was not found to be significantly different to 

open resection of rectal cancer based on the outcomes of disease-free survival and local/

regional recurrence, the lack of statistical difference is not an indicator of no difference 

existing. Factors that negatively impact disease-free survival after resection of rectal cancer 

include operation (APR), low position of the tumor in the rectum, rectal perforation during 

the resection and unsuccessful operation based on circumferential radial margin positivity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Point:

Disease free survival and local recurrence were found to be similar between patients 

treated by open or laparoscopic operation for Stage II-III rectal cancer within this 

population of patients.
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Figure 1: 
Disease Free Survival of Laparoscopic Resection compared to Open Resection of Stage II-

III Rectal Cancer
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Figure 2: 
Disease Free Survival of Surgical Approach
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Table 1:

Demographics and Comparison

LAP
N = 240

OPEN
N = 222

Follow-up, median (IQR), months 47.7 (26.1 – 59.1) 48.1 (33.9 – 59.8)

First Recurrence, No. (%)

    None 198 (82.5) 179 (80.6)

    Local 4 (1.7) 2 (0.9)

    Regional 6 (2.5) 4 (1.8)

    Distant 32 (13.3) 37 (16.7)

All Local Recurrences, No. (%) 5 (2.1) 4 (1.8)

All Regional Recurrences, No. (%) 6 (2.5) 6 (2.7)

All Distant Recurrences, No. (%) 35 (14.6) 37 (16.7)

    Liver 11 9

    Lung 14 18

    Other
a 8 9

Alive at last follow-up 204 (85.0%) 192 (86.5%)

Follow-up for those alive, median (IQR), months 49.2 (36.0 – 60.1) 49.6 (36.1 – 60.0)

Cause of death: Rectal cancer, No. (%) 26 (10.8%) 15 (6.8%)

Received Adjuvant Therapy, No. (%) 196 (81.7%) 174 (78.4%)

Received Adjuvant after Surgery, within 3 months
b 103 (42.9%) 106 (47.8%)

Type
c
, No. (%): Fluorouracil (5FU)

139 (70.9%) 125 (71.8%)

Oxaliplatin 122 (62.2%) 103 (59.2%)

Leucovorin 22 (11.2%) 26 (14.9%)

Capecitabine 10 (5.1%) 11 (6.3%)

Bevacizumab 7 (3.6%) 4 (2.3%)

Irinotecan 1 (0.5%) 2 (1.2%)

Radiation 5 (2.6%) 1 (0.6%)

Adriamycin 0 1 (0.5%)

Unknown 4 (2.0%) 1 (0.5%)

a
– Other distant recurrent sites are: LAP: bone (n=2); lungs and liver (n=1); liver, lung and multiple myeloma (n=1); liver, lung and peritoneum 

(n=1); lymph nodes (n=2); spine (n=1). OPEN: bone (n=2); lungs and liver (n=2); lung, liver, retroperitoneal lymph nodes (n=1); liver and vagina 

(n=1); ovary (n=1); retro-peritoneum (n=1); breast (n=1).

b
– Date patient started adjuvant was not captured; instead it was reported at each follow-up point on whether it occurred since last visit. The above 

captures if the patients 3 month follow-up was completed on time and patient was reported to have started adjuvant since surgery. More patients 

could have started therapy during that time but the data cannot delineate that.

c
– Types of adjuvant therapy are not mutually exclusive categories. 246 patients (130 LAP, 116 OPEN) had two or more adjuvant therapies.
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Table 2:

Disease Free Survival Analysis

DFS
Events/N

DFS KM 2 Year
Estimate (95% CI) DFS 

a

HR (95% CI)

Arm: OPEN 56/222 83.2 (78.3, 88.3) Ref

    LAP 56/240 79.5 (74.4, 84.9) 0.95 (0.65, 1.37)

Composite Score: Successful 86/389 82.9 (79.2, 86.8) Ref

    Unsuccessful resection 26/73 69.1 (59, 81.1) 1.87 (1.21, 2.91)

Distal Margin: Negative 108/454 81.6 (78, 85.3) Ref

    Positive 4/8 46.9 (21.5, 100) 2.53 (0.93, 6.86)

Circumferential Margin: > 1mm 93/416 83.2 (79.6, 87) Ref

    ≤ 1 mm 19/46 61 (48.1, 77.5) 2.31 (1.40, 3.79)

Completeness of TME: Complete 83/356 82.7 (78.8, 86.8) Ref

    Nearly complete 19/76 75.6 (66.4, 86.1) 1.15 (0.70, 1.90)

    Incomplete 10/30 73.9 (58.9, 92.7) 1.65 (0.85, 3.18)

Rectal Perforation: No 93/404 82.7 (79.1, 86.6) Ref

    Yes 19/58 70.7 (59.6, 83.9) 1.65 (1.00, 2.71)

Surgical approach: LAR 23/142 86.7 (81.2, 92.6) Ref

    LAR + Coloanal Anastomosis 52/206 81.7 (76.5, 87.2) 1.52 (0.93, 2.48)

    Abdominal Perineal Resection 33/105 72.4 (64, 81.9) 2.21 (1.30, 3.77)

Location of tumor in rectum:

    Other (Top, High) 48/233 83 (78.2, 88.1) Ref

    Low 64/229 79.4 (74.2, 85) 1.38 (0.95, 2.0)

Tumor distance from anal verge (cm)
b ~ ~ 0.94 (0.89, 1.00)

Tumor size, largest dimension (cm)
c ~ ~ 1.03 (0.95, 1.13)

Abbreviations: DFS, Disease Free Survival; KM, Kaplan Meier; TME, Total Mesorectal Excision; LAR, Lower Anterior Resection

a
– CoxPH model adjusted by arm reflecting Hazard Ratio and 95% Confidence Interval.

b
– Missing tumor distance for 3 patients (2 LAP).

c
– Missing tumor size for 15 patients (9 LAP).
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