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The oncological outcomes of laparoscopic rectal cancer surgery were evaluated in recent multicenter randomized clinical 
trials (RCTs). The MRC-CLASSIC, COLOR II, and COREAN trials found no differences in local recurrence or disease-
free survival rate between laparoscopic and open surgery. However, the noninferiority of laparoscopic surgery with re-
spect to open surgery for rectal cancer was not established on statistical analysis in the ACOSOG Z6051 and the ALaC-
aRT trials. Quality of total mesorectal excision (TME) is one of the most important prognostic factors. Incomplete TME 
had unfavorable oncologic outcomes compared to complete TME. Although TME quality can be clearly identified on 
pathologic evaluation, there is controversy regarding the acceptable range of oncologically safe TME for laparoscopic sur-
gery. It is not certain whether near-complete TME has an unfavorable oncologic impact and whether laparoscopic surgery 
with near-complete TME is an oncological threat. Therefore, the surgical community will be interested in the long-term 
outcomes and meta-analyses of ongoing large-scale RCTs. Laparoscopic rectal cancer surgery has been steadily improving 
its safety for oncology surgery, which has been reported consistently in various multicenter RCTs. To improve surgical 
quality, colorectal surgeons should choose the most appropriate surgical technique, including laparoscopic surgery.
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INTRODUCTION

Colorectal cancer is the third most common cancer, and 60% of 
these cancers occur in the rectum. Total mesorectal excision 
(TME) advocated by Heald et al. [1] in 1982 enabled complete re-
section of rectal cancer and preservation of the pelvic nerve; this 
has been the standard procedure for rectal cancer treatment for 
the past 30 years. The quality of TME has been considered one of 
the most important prognostic factors for long-term oncologic 

outcomes of patients with rectal cancer. The local recurrence and 
disease-free survival were significantly different between com-
plete TME and incomplete TME classified according to patho-
logic assessment [2].

With the introduction of laparoscopic surgery for the surgical 
treatment of colorectal cancer, astonishing advancements were 
noted in patient treatment. Laparoscopic surgery has several ad-
vantages, i.e., small incisions, less pain, rapid recovery of digestive 
function, low complication rate, and shorter hospital stay; there-
fore, it has become the standard procedure for colon cancer sur-
gery [3]. However, some limitations are associated with the use of 
laparoscopic surgery for rectal cancer in difficult cases, especially 
when performing radical resection using inflexible laparoscopic 
surgical instruments in the limited operative field of the narrow 
pelvis. It is also necessary to achieve a number of important goals, 
including preservation of anal function and the integrity of adja-
cent organs, such as the pelvic autonomic nerves. Therefore, lapa-
roscopic rectal cancer surgery should be performed carefully by a 
laparoscopic expert who has successfully mastered the steep 
learning curve.
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To investigate the safety of laparoscopic rectal cancer surgery, 
several large-scale multicenter randomized clinical trials (RCTs) 
have been conducted. The MRC-CLASSIC, COLOR II, and 
COREAN trials found no differences in the local recurrence or 
disease-free survival rate between laparoscopic and open surgery 
for rectal cancer [4-9]. Therefore, laparoscopic surgery was ac-
cepted as a safe operation for rectal cancer.

Recently, there has been controversy regarding the safety of lap-
aroscopic rectal cancer surgery. The ACOSOG Z6051 in the 
United States (US) and the ALaCaRT trial in Australia and New 
Zealand failed to demonstrate the noninferiority of laparoscopic 
surgery using a new composite assessment index of successful re-
section [10, 11]. The results of these 2 studies stunned the colorec-
tal cancer surgical community that had been actively expanding 
laparoscopic procedures for rectal cancer, leading to widespread 
confusion and debate. The NCCN guideline that had previously 
recommended laparoscopic colorectal surgery was modified to 
recommend cautious and limited use by laparoscopic experts 
[12].

In the current situation of caution, it is necessary to reconsider 
the safety of laparoscopic rectal cancer surgery. Therefore, we 
aimed to review the outcomes of laparoscopic rectal cancer sur-
gery reported in recent multicenter RCTs, as well as the efforts 
being made to overcome the limitations of laparoscopic surgery.

PATHOLOGIC ASSESSMENT OF SURGICAL 
QUALITY 

TME is considered the most significant innovation in rectal can-
cer surgery. Prior to the TME era, surgeons used their hands to 
perform blunt dissections for the removal of rectal cancer tissue 
within the deep narrow pelvis that inevitably led to local recur-
rence rates of 45% or more; these rates were reduced to less than 
10% following the surgical principles of TME [1]. Currently, the 
local recurrence rates for rectal cancer have been reported to be 
less than 5% with the precise application of TME and preopera-
tive chemoradiation therapy (PCRT) [13].

Nagtegaal et al. [2] reviewed TME quality based on pathologic 
assessments. They found that maintaining the mesorectal enve-
lope was significantly associated with lower local recurrence rates. 
When the surface of the removed mesorectum had severe defects 
and the rectal muscle layer was exposed, this was classified as in-
complete TME. The risk of local recurrence and circumferential 
margin involvement was significantly greater in the incomplete 
TME group. 

In the CAO/ARO/AIO-04 phase 3 trial conducted in Germany, 
the long-term prognosis of rectal cancer patients was evaluated 
according to TME plane. There was a significant difference in 
3-year disease-free survival (P = 0.01), local recurrence (P < 0.01), 
and distant recurrence (P = 0.03) among mesorectal, intermeso-
rectal, and muscularis propria groups. The interesting finding was 
that the concordance rate for TME quality between the patholo-

gist and surgeon was only 56.2%–86.4%. The TME quality evalu-
ation by the pathologist was indicative of the survival rate, but the 
surgeon’s evaluation of TME quality was not related to survival 
and recurrence. Based on the pathological concordance of the 
TME studies, this trial reported that pathologists could evaluate 
surgical quality using objective pathologic assessment to improve 
the safety of laparoscopic surgery for patients with rectal cancer 
[14]. 

Proceeding beyond the controversy regarding surgical tech-
niques for obtaining superior TME quality, we must now consider 
more important pathologic factors related to long-term oncologic 
outcomes to design optimal therapeutic strategies for patients 
with rectal cancer. Successful resection is essential to reduce local 
recurrence and promote disease-free survival rates, and the most 
important impact factor among pathologic indicators is circum-
ferential margin involvement [15]. The risk of circumferential 
margin involvement is associated with tumors closer to the anus 
and those with higher T and N stage. Locally advanced rectal can-
cer that is poorly responsive to PCRT is thought to be an inde-
pendent predictor of radial margin involvement [16]. Rectal can-
cer with a positive radial margin was also associated with poor 
differentiation, lymphovascular invasion, and extramural vascular 
invasion, which are characteristics of aggressive tumor biology.

Circumferential marginal involvement is more dependent on 
aggressive tumor biology than on laparoscopic or open surgery 
[16, 17]. Therefore, in mid to low rectal cancer with high risk of 
recurrence, it is important to pre-evaluate the complete resection 
potential using preoperative magnetic resonance imaging (MRI) 
and to determine the appropriate treatment strategy with a multi-
disciplinary approach. If the radial margin is threatened even after 
appropriate PCRT, an extended radical resection, such as extrale-
vator abdominoperineal resection (APR) or total neoadjuvant 
treatment should be considered [18]. In particular, it can be very 
difficult to perform extended radical resection beyond the TME 
plane under laparoscopic surgery, which should be performed by 
highly experienced laparoscopic surgeons to ensure patient safety. 
Therefore, for patients with a high risk of recurrence, it may be 
necessary to carefully choose the most appropriate method that 
allows safe resection, considering the therapeutic strategies in-
volved in a multidisciplinary approach. 

Until long-term oncologic outcomes from ongoing RCTs are re-
ported, controversy over the safety of laparoscopic rectal cancer 
surgery is expected to persist. Till solid evidence is available, it is 
necessary to choose the most oncologically safe procedure for 
complete resection based on the experience of the operator, the 
technology and equipment available at the hospital.

MULTICENTER LARGE-SCALE RCTs FOR 
LAPAROSCOPIC RECTAL CANCER SURGERY

There has been a long-standing controversy regarding whether 
laparoscopic TME can be used safely for patients with rectal can-
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cer while obtaining the advantages of minimally invasive surgery. 
Rectal cancer surgery is technically demanding; consequently, 
rectal cancer has often been excluded from studies evaluating the 
efficacy of laparoscopic surgery.

In recent decades, large-scale multicenter RCTs have been con-
ducted to evaluate the safety of laparoscopic rectal cancer surgery 
(Table 1). 

The MRC-CLASSIC trial was one of the first multicenter RCTs 
to compare open and laparoscopic colorectal cancer surgeries in 
the UK [4]. There was no significant difference in terms of cir-
cumferential margin involvement between open surgery and lap-
aroscopic rectal cancer surgery, including anterior resection and 
APR. However, on subgroup analysis for anterior resection pa-
tients, circumferential margin involvement was more commonly 

observed in laparoscopic surgery than in open surgery (12% vs. 
6%, P = 0.19). This result was a potential landmine that threat-
ened the perception of laparoscopic rectal cancer surgery as safe. 
However, the long-term oncologic outcomes noted after 5 and 10 
years of follow-up indicated that there were no significant differ-
ences in local recurrence and disease-free survival rates based on 
circumferential margin involvement [7, 8]. As the study was de-
signed to include patients with both rectal and colon cancer, sta-
tistical power for comparing open and laparoscopic surgery for 
rectal cancer was limited. 

The COLOR II trial was an international multicenter RCT in-
volving thirty European countries and South Korea, and patients 
with stage I–III rectal cancer were enrolled [5]. In this trial, TME 
quality and circumferential margin involvement were not signifi-

Table 1. Characteristics of multicenter RCTs for laparoscopic rectal cancer surgery

Study
Study 

location
Enrollment 

interval
Surgery No.

Male sex, 
n (%)

Age 
(yr)a Stage

BMI 
(kg/m2)a

Tumor height 
(high/mid/

low)

Neoadjuvant 
therapy, n (%)

Conversion 
to open (%)

ACOSOG 
(Fleshman 
et al., 2015 
[10])

USA and 
Canada (35 
centers)

Oct 2008 to 
Sep 2013

Lapa 242 156 (64.5) 57.7 ± 11.5 I:2
II: 99
III: 141

26.4 ± 4.0 33/85/124 242 (100) 27/242 (11.2)

Open 239 158 (66.1) 57.2 ± 12.1 I:3
II: 92
III: 144

26.8 ± 4.2 28/95/116 239 (100)

ALaCaRT 
(Stevenson 
et al., 2015 
[11])

Australia and 
New Zea-
land  (24 
centers)

Mar 2010 to 
Nov 2014

Lapa 238 160 (67.2) 65 (56–74) T1/2/3: 18/68/151
N0/1/2: 107/92/37
M1: 10

27 (24–30) 53/103/82 119 (50.0) 21/238 (8.8)

Open 235 151 (64.3) 65 (56–73) T1/2/3: 11/68/155
N0/1/2: 125/80/30
M1: 10

26 (24–30) 50/102/8 116 (49.4)

COREAN 
(Kang et al., 
2010 [6])

South Korea 
(3 centers)

Apr 2006 to 
Aug 2009

Lapa 170 110 (64.7) 57.8 ± 11.1 ypT0/is/1/2: 95 (56)
ypT3/4: 75 (44)
ypN0/1/2: 135/18/17

24.1 ± 3.2 0/19/151 170 (100) 2/170 (1.2)

Open 170 110 (64.7) 59.1 ± 9.9 ypT0/is/1/2: 71 (42)
ypT3/4: 99 (58)
ypN0/1/2: 131/43/14

24.2 ± 3.2 0/24/146 170 (100)

COLOR II (Van 
der Pas et 
al., 2013 
[5])

Europe, Can-
ada, and 
South Korea 
(30 centers)

Jan 2004 to 
May 2010

Lapa 699 448 (64.1) 66.8 ± 10.5 I: 201
II: 209
III: 257

26.1 ± 4.5 222/276/201 RT: 412 (59)
CT: 196 (32)
Missing: 90 (13)

114/688 (16.6)

Open 345 211 (61.2) 65.8 ± 10.9 I: 96
II: 107
III: 126

26.5 ± 4.7 116/136/93 RT: 199 (58)
CT: 99 (34)
Missing: 50 (14)

MRC CLAS-
ICC (Guillou 
et al., 2005 
[4])

United King-
dom (27 
centers)

July 1996 to 
July 2002

Lapa 253 230 (44) 69 ± 11 T0/1/2/3/4: 4/26/68/261/70
N0/1/2: 244/107/72
M0/1: 167/12

25 ± 4 - - 82/242 (33.9)

Open 128 123 (46) 69 ± 11 T0/1/2/3/4: 1/12/35/136/33
N0/1/2: 129/52/38
M0/1: 19/7

26 ± 4

RCTs, randomized controlled trials; BMI, body mass index; Lapa, laparoscopic surgery; RT, radiotherapy; CT, chemotherapy.
aMean ± standard deviation or median (range).
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cantly different between laparoscopic and open surgery (Table 2). 
With respect to long-term outcomes, local recurrence and dis-
ease-free survival rates were also not significantly different be-
tween laparoscopic and open surgery (Table 3). Therefore, the 
COLOR II trial demonstrated the safety of laparoscopic surgery 
for rectal cancer. However, the limitations of the study included 
heterogeneity among patient characteristics, and patients who 
presented with various stages of cancer and more than 30% of the 

patients had upper rectal cancer [9]. Therefore, more detailed re-
search on patients with mid to low rectal cancer who received 
PCRT is required.

The COREAN trial included patients with mid and low rectal 
cancer of stage II–III who had received PCRT [6]. Complete TME 
was achieved in approximately 90% of the patients in the laparo-
scopic and open surgery groups, and circumferential margin in-
volvement was as low as approximately 5%. Therefore, laparo-

Table 3. Long-term outcomes of multicenter RCTs for laparoscopic rectal cancer surgery

Study F/U Surgery OS (%) P-value DFS (%) P-value LR (%) P-value

ACOSOG (Fleshman et al., 2019 [20]) 2 Year Lapa (n = 242) - - 79.5 0.771 2.1 0.860

Open (n = 239) - - 83.2 1.8

COREAN (Jeong et al., 2014 [19]) 3 Year Lapa (n = 170) 91.7 NS 79.2 NS 2.6 NS

Open (n = 170) 90.4 72.5 4.9

COLOR II (Bonjer et al., 2015 [9]) 3 Year Lapa (n = 699) 86.7 NS 74.8 NS 5 NS

Open (n = 345) 83.6 70.8 5

MRC CLASICC (Guillou et al., 2005 [4]) 3 Year Lapa (n = 253) 68.4 0.550 66.3 0.700 7.8 0.700

Open (n = 128) 66.7 67.7 7.0

MRC CLASICC (Jayne et al., 2010 [7]) 5 Year Lapa (n = 253) 60.3 0.132 53.2 0.953 9.4 0.740

Open (n = 128) 52.9 52.1 7.6

MRC CLASICC (Green et al., 2013 [8]) 10 Year Lapa (n = 253) 82.7 0.780 77.0 0.589 - NS

Open (n = 128) 78.3 89.5

RCTs, randomized controlled trials; F/U, follow-up; Lapa, laparoscopic surgery; OS, overall survival; DFS, disease free survival; LR, local recurrence; NS, nonsignificance.

Table 2. Pathologic outcomes of multicenter RCTs for laparoscopic rectal cancer surgery

Study
TME quality Distal resection margin Circumferential margin

Complete Nearly complete Incomplete Unknown P-value Negative P-value Negative (%) P-value

ACOSOG (Fleshman et al., 2015 [10])

   Lapa (n = 240) 175 (72.9) 46 (19.1) 19 (7.9) - - 98.3% 0.910 87.9 0.110

   Open (n = 222) 181 (81.5) 30 (13.5) 11 (4.9) - 98.2% 92.3

ALaCaRT (Stevenson et al., 2015 [11])

   Lapa (n = 238)   206 (87) 24 (10) 8 (3) - 0.060 99.0% 0.670 93.0 0.060

   Open (n = 235) 216 (92) 17 (7) 2 (1) - 99.0% 97.0

COREAN (Kang et al., 2010 [6])   

   Lapa (n = 170) 123 (72.4) 33 (19.4) 8 (4.7) 6 (3.5) 0.414 2 (1.0–3.5) cm 0.543 97.1 0.770

   Open (n = 170) 127 (74.7) 23 (13.5) 11 (6.5) 9 (5.3) 2 (1.0–3.5) cm 95.9

COLOR II (Van der Pas et al., 2013 [5])

   Lapa (n = 699) 589 (89) 58 (9) 19 (3) 33 (5) 0.250 3 (2.0–4.8) cm 0.676 93.0 0.850

   Open (n = 345) 303 (92) 19 (6) 9 (3) 14 (4) 3 (1.8–5.0) cm 91.0

MRC CLASICC (Guillou et al., 2005 [4])

   Lapa (n = 253) 196 (77) - 33 (13) 24 (9) - - - 16.0 0.800

   Open (n = 128) 84 (66) - 31 (24) 13 (10) - - - 14.0

Values are presented as number (%) unless otherwise indicated.
RCTs, randomized controlled trials; Lapa, laparoscopic surgery; TME, total mesorectal excision.
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scopic surgery was reported to be as safe as open surgery for the 
treatment of locally advanced mid and low rectal cancer [19]. Al-
though the homogeneous patient population was randomly as-
signed to the surgical groups, the response to PCRT was favorable 
in the laparoscopic group. Although excellent results were ob-
tained in the laparoscopic surgery group, laparoscopic surgery 
was performed by a small number of highly experienced laparo-
scopic surgeons; therefore, careful interpretation is required prior 
to generalizing laparoscopic surgery safety and efficacy within the 
surgical community.

The surgical societies paid attention to the results of the 
ACOSOG Z6051 and ALaCaRT trials, both of which were large-
scale multicenter RCTs performed with a similar methodology; 
these trials were conducted during the same time period as the 
COREAN trial [10, 11]. Both studies included more than 30 insti-
tutions and approximately 40 operators. The ACOSOG Z6051 
trial was launched to determine whether laparoscopic surgery can 
safely be used to treat patients with rectal cancer [10]. This study 
used a successful resection composite index that combined patho-
logic TME quality, circumferential margin involvement, and dis-
tal resection margin to evaluate the safety of laparoscopic rectal 
cancer surgery in a short period of time with a smaller number of 
patients to ensure patient safety. Based on the framework of the 
ACOSOG Z6051 study in the US, the COREAN trial in Korea 
and the ALaCaRT trial in Australia and New Zealand were also 
conducted at about the same time.

The short-term oncologic outcomes reported simultaneously in 
both the ACOSOG Z6051 and ALaCaRT trials. The complete 
TME quality was achieved in the approximately 80%–90%, simi-
lar to the results of the previous COLOR-II and COREAN trials 
[10, 11]. The proportion of patients with complete TME was 
higher in the laparotomy groups; however, there was no signifi-
cant difference between surgical types. The negative distal resec-
tion margins were obtained in all patients. Circumferential mar-
gin involvement was also less than 10%. There was no significant 
difference between laparoscopic and open surgery with respect to 
the TME quality and resection margins with excellent results. 
However, the noninferiority of laparoscopic surgery with respect 
to open surgery for rectal cancer was not established on statistical 
analysis when the low margin 95% confidence interval range was 
6%–8%. Therefore, debates over the results of studies that did not 
verify the noninferiority of laparoscopic rectal cancer surgery 
could not be avoided. 

The 2 studies had the same research design, but there were some 
differences in patient characteristics and treatment [10, 11]. In the 
ACOSOG Z6051 study, patients with locally advanced rectal can-
cer located 8 cm from the anal verge were enrolled, and the PCRT 
rate was 100%. In the ALaCaRT trial, patients with cancer at stage 
I–III within 12 or 15 cm of the anal verge were enrolled, and the 
PCRT rate was as low as 50%. The criteria for TME quality were 
also different in the two studies. In the ACOSOG Z6051 study, 
complete and near-complete TME was considered good quality; 

in the ALaCaRT trial, only complete TME was considered good 
TME. With the release of the long-term oncological outcomes of 
the ACOSOG Z6051 and ALaCaRT trials, the surgical commu-
nity expects to have more solid evidence for the safety of laparo-
scopic rectal cancer surgery in oncologic terms [20].

META-ANALYSIS OF LAPAROSCOPIC 
RECTAL CANCER SURGERY RCTs 

Since the large-scale RCTs had the same study design with some 
differences in patient characteristics and surgical quality evalua-
tion, a meta-analysis was performed to adjust these differences to 
obtain more reliable evidence [21]. In a meta-analysis reported in 
2017, the difference in TME quality of laparoscopic surgery and 
open surgery was analyzed using 5 RCTs. They classified both 
near-complete and incomplete TME as noncomplete TME, which 
was observed in 13.2% and 10.4% of subjects in the laparoscopic 
and open groups, respectively; the risk ratio for noncomplete me-
sorectal excision was 1.31 (P = 0.02). Therefore, they concluded 
that the risk of noncomplete mesorectal excision was significantly 
higher after laparoscopic surgery [22]. The authors recommended 
that laparoscopic rectal cancer surgery should be performed more 
carefully and selectively and suggested the need for advancements 
in surgical equipment and platforms to improve TME quality be-
yond the limitations of laparoscopic surgery. However, in this 
meta-analysis, questions arose over the classification of noncom-
plete TME and whether nearly complete TME should be consid-
ered unacceptable in terms of TME quality and oncological out-
comes.

In another meta-analysis, a different cutoff value for acceptable 
TME quality was applied. Complete and near-complete TME 
were reclassified as acceptable quality and the proportions of the 
acceptable TME were not significantly different between laparo-
scopic and open surgery. However, the rates of near-complete 
TME were significantly higher in the laparoscopic surgery group. 
This was attributed to the mesorectal shearing caused by traction 
with rigid instruments in the narrow pelvic cavity during laparo-
scopic TME [23]. 

Incomplete TME was associated with unfavorable outcomes 
with respect to local recurrence and disease-free survival com-
pared to complete TME. At 2-year follow-up, for the ACOSOG 
Z6051 trial (reported in 2019), incomplete TME was associated 
with higher local recurrence [20]. However, there was no signifi-
cant difference in the local recurrence and disease-free survival 
rates between complete TME and near-complete TME [24]. 

Although TME quality can be clearly identified on pathologic 
evaluation, there is controversy regarding the acceptable range of 
safe TME for laparoscopic surgery [25]. The evaluation of surgical 
quality combined with this pathological evaluation index is not 
directly indicative of the oncological safety of the procedure. The 
TME quality may be a useful objective index to evaluate and im-
prove operative quality at various institutions; however, the range 
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of safe TME was somewhat different in terms of oncological out-
comes. It is not certain whether near-complete TME has an unfa-
vorable oncologic impact and whether laparoscopic surgery with 
near-complete TME is an oncological threat. Therefore, the surgi-
cal community will be interested in the long-term survival results 
of the ACOSOG and ALaCaRT trials and the meta-analysis of the 
ongoing large-scale RCTs [26].

STANDARDIZATION OF LAPAROSCOPIC 
COLORECTAL SURGERY

Based on the oncologic evidence available to date, we believe that 
the minor discrepancy in TME quality resulting from the differ-
ence in surgical techniques between open surgery and laparo-
scopic surgery is unlikely to undermine the value of oncologic 
surgery. Moreover, these assumptions are only valid if TME is 
performed by an expert with sufficient experience in laparoscopic 
surgery. 

Open conversion is one of the clinical indicators that shows 
whether the learning curve has been suitably mastered. The 
MRC-CLASSIC study reported an open conversion rate of more 
than 30% in the early period of patient registration, which de-
creased by 16% by the end of the study [4]. This suggests that the 
learning curve effect of surgeons participating in the study can be 
an uncontrolled confounding variable. In the COLOR II trial, the 
low conversion rate of 15% meant that the learning curve for lapa-
roscopic surgery had been successfully mastered. In the COREAN 
trial, surgery was performed by highly experienced laparoscopic 
surgeons [6]. Therefore, despite the high level of operative diffi-
culty for patients with advanced mid to low rectal cancer, the 
open conversion rate was only 1%. In the ACOSOG Z6051 study, 
most of the researchers who participated had already participated 
in the COST trial in 2004, and because of the high level of enthu-
siasm and laparoscopic skill, the open conversion rate was 11%, 
less than the rates reported in the previous MRC-CLASSIC and 
COLOR-II trials [10]. 

In our previous study, a multidimensional analysis was done, 
based on the following parameters: conversion to laparotomy, in-
traoperative complications, postoperative complications, reopera-
tions, operative time, and transfusion volumes. The conversion 
rate was 5.6%, and the risk factors for conversion were prior ab-
dominal surgery and tumor size. Risk-adjusted cumulative sum 
analysis showed that case 61 was the peak change point for con-
version. The turning point for postoperative complications oc-
curred at case 79. The operative time and intraoperative transfu-
sion volumes stabilized over cases 61–75. Therefore, we found 
that surgeons must perform 60–80 operations to master the 
learning curve for laparoscopic rectal cancer surgery, based on a 
multidimensional analysis that included various surgical out-
comes [27].

The MCR-CLASSIC and the COLOR II trials have led to the 
standardization of laparoscopic colorectal surgery in the United 

Kingdom and Europe [4, 5]. Surgical quality control was per-
formed using pathologic TME assessment, and the local recur-
rence and disease-free survival rates were significantly improved 
compared to the rates reported before these studies. This encour-
aging change in Europe greatly influenced colorectal surgeons in 
the US; a nationwide database established through the national 
cancer registry project was analyzed to identify current problems. 
Quality of rectal cancer surgery was assessed based on data from 
approximately 70% of the hospitals across the US [28]. 

Of the surgeons who performed rectal cancer surgery, almost 
40% had never performed sphincter-saving surgery for low rectal 
cancer. APR was performed in more than 70% of the cases of low 
rectal cancer. The penetration rate of laparoscopic rectal cancer 
surgery was less than 20%. More than 30% of patients with rectal 
cancer experienced circumferential margin involvement; this rate 
was more than 3 times higher than the rate of 10% in Europe [28]. 
This report led to an increase in awareness regarding the need to 
improve surgical quality in the US. Accordingly, the Optimizing 
the Surgical Treatment of Rectal Cancer consortium was set up to 
encourage education and research to improve the quality of rectal 
cancer surgery in US hospitals [29]. With the approval and full 
support of the American College of Surgeons and the American 
Cancer Society, surgical training programs and hospital certifica-
tion procedures were introduced to improve surgical quality and 
to standardize rectal cancer treatment. Although they attempted 
to refer to the successful model of laparoscopic rectal cancer sur-
gery in Europe, they established policy goals different from those 
in Europe, where the quality of surgery was improved through the 
centralization of hospitals. In the US, they want to improve the 
quality of surgery and treatment in as many hospitals as possible 
and optimal care could be provided to all possible patients [30]. 
In this situation, a large-scale multicenter study, the ACOSOG 
Z6051 trial, was launched to determine whether laparoscopic sur-
gery can be safely used to treat patients with rectal cancer [10]. 
The results of the trial are expected to standardize laparoscopic 
rectal cancer surgery techniques and improve multidisciplinary 
treatment in the US.

ANAL SPHINCTER-SAVING SURGERY IN 
LOW RECTAL CANCER

Many efforts have been made to preserve the anal sphincter in 
very low rectal cancer. With the understanding of the spreading 
pathway of low rectal cancer and development of the double sta-
pling technique and intersphincteric resection, the frequency of 
sphincter preserving surgery has increased rapidly from 20% to 
90% in the past 20 years [31].

For the first time in Korea, the corresponding author developed 
Laparoscopic Abdominal Trans-Anal proctosigmoidectomy with 
colo-anal anastomosis (LATA resection), an advanced laparo-
scopic surgical technique based on the Transanal Abdominal 
TransAnal proctosigmoidectomy for low rectal cancer advocated 
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by Gerald Mark [31, 32]. 
Laparoscopic surgery enables the surgeon to directly visualize 

the narrow pelvic cavity and to perform accurate and sharp dis-
sections, while the magnified vision clearly delineates the anat-
omy, thus permitting a more precise TME [31]. This might be the 
reason that laparoscopic surgery contributes to comparable or 
better oncological outcomes for rectal cancer. In particular, the 
oncologic outcomes could be improved using the laparoscopic 
approach owing to a magnified view of the pelvis. In our previous 
study, laparoscopic surgery did not adversely affect the long-term 
oncological outcome for patients with rectal cancer. Especially, 
the disease-free survival rate of laparoscopic group was signifi-
cantly better than that open surgery group among stage III pa-
tients. In addition, the local recurrence rate was significantly 
lower for laparoscopic surgery. This study had limitations in that 
it involved various changes in rectal cancer treatment because the 
clinical information of patients recorded over a long period of 
time was retrospectively evaluated. However, multivariate analysis 
showed that the oncologic outcomes were similar between lapa-
roscopic surgery and open surgery [31].

In a subsequent study for the safety of anal sphincter-saving sur-
gery, local recurrence and disease-free survival rates of the LATA 
and low anterior resection group were better than those of the 
APR group in patients with very low rectal cancer within 8 cm of 
the anal verge [32]. Considering the selection bias introduced by 
the retrospective analysis, the local recurrence rate was higher in 
the APR group because APR was performed mainly in cases of 
very low rectal cancers located near the anus and invading the 
anal sphincter complex.

Recently, in patients with very low rectal cancer who underwent 
PCRT and laparoscopic intersphincteric resection, the risk of lo-
cal recurrence was associated with higher T stage on MRI and 
circumferential margin involvement [18]. This finding suggests 
that careful selection of treatment strategies is essential in multi-
disciplinary treatment of very low rectal cancer.  Further, exten-
sive resection should be actively considered in very low rectal 
cancers with suspected radial margin involvements diagnosed by 
pelvic MRI after PCRT.

PERSPECTIVES

Several options have been proposed to overcome the limitations 
of laparoscopic surgery and to improve surgical quality [26, 32]. A 
bottom-up approach through transanal TME is expected to pro-
vide more complete TME in obese male patients with a narrow 
pelvis and fatty mesorectum; therefore, transanal TME may re-
place the conventional TME approach currently used to under-
take laparoscopic rectal cancer surgery in special patients [33]. 
The results of the COLOR III trial, a large-scale multicenter RCT 
for transanal TME, are eagerly anticipated [34]. 

Robotic surgical techniques can be advantageous for rectal can-
cer surgery since they involve more sophisticated operations and 

Endo Wrist instruments. Therefore, it is expected that the open 
conversion rate may be reduced with robotic surgery, especially 
for obese patients with narrow pelvises. The ROLLAR trial com-
pared laparoscopic and robotic rectal cancer surgery and analyzed 
the open conversion rate as the primary outcome [35]. In this 
study, the open conversion rate was slightly lower in the robotic 
group; however, there was no significant difference with respect 
to the TME quality. Future studies in patients with very low rectal 
cancer may demonstrate the advantages of robotic surgery for 
performing complete TME. With the continuing development of 
atraumatic Endo Wrist instruments, it is expected that delicate 
dissection in the narrow pelvic cavity may be easily performed 
during minimally invasive surgery.

CONCLUSION

The use of laparoscopic rectal cancer surgery has been steadily in-
creasing with its safety in terms of oncologic outcomes having 
been reported consistently in various multicenter RCTs. To im-
prove surgical quality, colorectal surgeons should choose the most 
appropriate surgical technique, including laparoscopic surgery, 
when learning curves have suitably been achieved. The develop-
ment of a robotic surgical platform and suitable surgical ap-
proaches are expected to overcome the limitations of the current 
laparoscopic technique.
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