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Laparoscopic versus open surgery for the
treatment of colorectal cancer: a literature review
and recommendations from the Comité de
l’évolution des pratiques en oncologie

Background: Adoption of the laparoscopic approach for colorectal cancer treatment
has been slow owing to initial case study results suggesting high recurrence rates at
port sites. The use of laparoscopic surgery for colorectal cancer still raises a number of
concerns, particularly with the technique’s complexity, learning curve and longer dura-
tion. After exploring the scientific literature comparing open and laparoscopic surgery
for the treatment of colorectal cancer with respect to oncologic efficacy and short-
term outcomes, the Comité de l’évolution des pratiques en oncologie (CEPO) made
recommendations for surgical practice in Quebec.

Methods: Scientific literature published from January 1995 to April 2012 was
reviewed. Phase III clinical trials and meta-analyses were included.

Results: Sixteen randomized trials and 10 meta-analyses were retrieved. Analysis of
the literature confirmed that for curative treatment of colorectal cancer, laparoscopy is
not inferior to open surgery with respect to survival and recurrence rates. Moreover,
laparoscopic surgery provides short-term advantages, including a shorter hospital stay,
reduced analgesic use and faster recovery of intestinal function. However, this ap -
proach does require a longer operative time.

Conclusion: Considering the evidence, the CEPO recommends that laparoscopic
resection be considered an option for the curative treatment of colon and rectal can-
cer; that decisions regarding surgical approach take into consideration surgeon experi-
ence, tumour stage, potential contraindications and patient expectations; and that
laparoscopic resection for rectal cancer be performed only by appropriately trained
surgeons who perform a sufficient volume annually to maintain competence.

Contexte : L’adoption de la laparoscopie pour traiter le cancer colorectal se fait lente-
ment à cause des résultats des premières études de cas qui indiquent des taux élevés de
récidive aux sites d’intervention. La laparoscopie pour traiter le cancer colorectal soulève
toujours de nombreuses préoccupations, particulièrement en raison de la complexité de la
technique, de la courbe d’apprentissage, et de la durée de la chirurgie. Après avoir étudié
des publications scientifiques comparant l’efficacité oncologique et les résultats à court
terme de la laparoscopie à ceux de la chirurgie ouverte pour le traitement du cancer colo -
rectal, le Comité de l’évolution des pratiques en oncologie (CEPO) a formulé des recom-
mandations pour la pratique chirurgicale au Québec.

Méthodes : Une revue des écrits scientifiques publiés entre janvier 1995 et avril 2012 a
été effectuée. Seuls les essais cliniques de phase III et les méta-analyses ont été répertoriés.

Résultats : Seize essais randomisés et 10 méta-analyses ont été retenus. L’analyse des
publications a confirmé que pour le traitement curatif du cancer colorectal, la laparoscopie
n’est pas inférieure à la chirurgie ouverte pour ce qui est des taux de survie et de récidive.
La laparoscopie offre de plus des avantages à court terme, y compris une hospitalisation de
moins longue durée, une réduction de l’usage d’analgésiques et un rétablissement plus
rapide de la fonction intestinale. Cette intervention prend toutefois plus de temps.

Conclusion: Compte tenu des données probantes, le CEPO recommande d’envisager la
résection laparoscopique comme technique curative possible du cancer colorectal et que
les décisions sur la méthode chirurgicale tiennent compte de l’expérience du chirurgien, du
stade de la tumeur, des contre-indications possibles et des attentes du patient. Dans le cas
de la résection laparoscopique du cancer du rectum, le CEPO recommande qu’elle ne soit
pratiquée que par des chirurgiens ayant reçu la formation nécessaire et qui pratiquent suf -
fi samment d’interventions par année pour maintenir leur compétence.
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C olorectal cancer is the third most commonly diag-
nosed cancer and the second leading cause of cancer-
related death in Canada. The Canadian Cancer

Society estimated that approximately 23 800 new colorec-
tal cases will be diagnosed in Canada in 2013 (6300 in
Quebec), and that 9200 related deaths will be reported
(2450 in Quebec).1

Surgery is the only curative treatment for colorectal can-
cer. Curative surgery requires resection of the primary
tumour with negative margins and a complete oncologic
lymphadenectomy. The resected colic segment depends on
vascularization and lymphatic drainage at the tumour site
and, according to the American Joint Committee on Cancer,
a minimum of 12 lymph nodes should be retrieved in sur -
gical specimens. Otherwise, tumour stage could be under -
estimated, and a suboptimal treatment could be offered.2

The surgical approach for rectal cancer is affected by
tumour stage and localization.3 Generally, 5 types of resec-
tion can be performed: local excision of the tumour, anter -
ior resection of the rectum, proctectomy with coloanal
anastomosis or with terminal colostomy (Hartmann), and
abdominoperineal resection. A major improvement in sur-
gical technique was achieved in 1982 when total mesorectal
excision was first described and resulted in a substantial
reduction in recurrence rates.4

Traditionally, colorectal cancer resection has been per-
formed exclusively through open surgery. However, fol -
lowing successful laparoscopic procedures, such as chole -
cystectomy, appendectomy and treatment of incisional
hernias, this surgical approach has gradually been intro-
duced first in the treatment of colon cancer and then in the
treatment of rectal cancer.5 Surgical preparation for
laparoscopy is similar to that for open surgery. However,
small lesions need to be carefully localized preoperatively
by means of colonoscopy (with a tattoo or clip) or barium
enema. Laparoscopic resection should result in the
removal of the colon or rectal segment containing the
tumour and associated lymphatic drainage to the same
extent as open surgery. Surgery can be performed entirely
by laparoscopy, be laparoscopy-assisted (anastomosis is
then performed extracorporally) or be hand-assisted (in
which case a sufficiently long incision is made to allow the
surgeon’s hand to enter the abdominal cavity). For all
3 strategies, the abdominal wall incision should be pro-
tected to prevent tumour dissemination.6

Laparoscopic resection of the sigmoid colon was first
described by Jacobs and colleagues7 in 1991. However,
generalized adoption of the laparoscopic procedure was
slower for colorectal cancer than for other pathologies.
This can be explained by the disappointing results of initial
case studies on laparoscopic colon cancer resection, which
revealed high recurrence rates at port sites.8,9 Despite the
fact that more recent studies did not reproduce these
results,10,11 many concerns still persist about the use of
laparoscopic surgery in colon and rectal cancer treatment,

notably with respect to the technique’s complexity, the
associated learning curve and the longer operative time.5

About half the general surgeons in Canada perform
laparoscopic colorectal surgery. The highest rate of adop-
tion of laparoscopic surgery is in Quebec, where it is esti-
mated at 67%. Significant predictors for offering a laparo-
scopic approach are recent graduation, male sex, province
of practice, university affiliation and minimally invasive
surgery training, whereas constraints for adoption of this
technique include the lack of available operative time and
lack of formal training programs.12

The present review explores the relevant scientific liter-
ature comparing open and laparoscopic surgery in the
treatment of colon and rectal cancer with respect to onco-
logic efficacy and short-term risks and benefits. Based on
the best available evidence, recommendations have been
made for surgical practice in Quebec.

METHODS

Published clinical trials comparing open and laparoscopic
surgery in colon and rectal cancer treatment were retrieved
using the medical subject headings “colorectal neoplasms,”
“rectal neoplasms,” “general surgery,” “colorectal surgery,”
“laparoscopy” and “colectomy” as well as the keywords
“colorectal cancer,” “colon cancer,” “rectal neoplasms,”
“rectal cancer,” “open surgery,” “resection,” “laparoscopy,”
“colectomy,” “rectal surgery” and “total mesorectal exci-
sion.” Only English- and French-language phase III ran-
domized trials and meta-analyses were selected. Specifically
for colon cancer, in light of the large number of studies
retrieved and the variations in study quality, only trials
involving more than 200 patients were retained. The
period covered was from January 1995 to April 2012, inclu-
sively. Studies reporting data on colorectal cancer were
considered only if specific data on colon and rectal cancer
were presented separately. Economic studies, trials pertain-
ing to metastatic disease of the colon or rectum and trials
addressing chemotherapy- or radiotherapy-based treat-
ments were excluded. Abstracts presented at the American
Society of Clinical Oncology (ASCO) and European Soci-
ety for Medical Oncology (ESMO) meetings from 2008 to
2012 were also reviewed, and only those reporting phase
III trial results were included.

The level of evidence of selected studies and the
strength of recommendation were evaluated using the
ASCO and ESMO gradation system (Table 1).13 The ori -
ginal guideline was developed by a CEPO subcommittee,
reviewed by independent experts and, finally, adopted by
the CEPO by consensus.

RESULTS

Eight phase III randomized clinical trials10,11,14–27 and
5 meta-analyses28–32 comparing laparoscopy and open
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Table 1. Levels of evidence and grades of recommendations  

Level or grade Description 

Level of evidence  
I Evidence demonstrated by means of meta-analyses of well-designed controlled trials or large randomized trials with clear-cut 

results (low rate of false-positive and false-negative errors, high power) 
II Evidence demonstrated by means of small randomized trials with uncertain results (high rate of false-positive and false-negative 

errors, low power) 
III Evidence demonstrated by means of nonrandomized concurrent cohort comparisons with contemporaneous controls 
IV Evidence demonstrated by means of nonrandomized historical cohort comparisons 
V Evidence demonstrated by means of case series without controls 
Grade of recommendation 
A Supported by Level I evidence or multiple Level II, III or IV trials presenting concordant observations 
B Supported by Level II, III or IV trials presenting generally concordant observations 
C Supported by Level II, III or IV trials presenting nonconcordant observations 
D Supported by few trials or no empiric evidence 

Adapted from Cook and colleagues13 with permission from the American College of Chest Physicians. 

Table 2. Main characteristics of randomized clinical trials on colon cancer 

Variable COLOR10,14 COST16,17 CLASICC11,20,21* LAPKON II26 ALCCaS27 Barcelona22,23 Liang24 LAFA-study25† 

Study design, Phase III multi multi multi multi multi single single multi 

Concealment Computer-
generated 
random 
numbers 

Centralized Centralized by 
telephone 

Centralized by 
telephone 
Revealed 

during 
operation 

Centralized Sealed 
envelopes 

Random-
sized 
blocks 
2–10 

2 × 2 
Internet 

randomization 
module 

Median follow-up, mo. 53 60 37 § § 43 40 — 

Primary outcomes 3-year DFS Time to 
recurrence 

3-year DFS 
3-year OS 

LR 

§ § Cancer-
related 
survival 

Time to 
recurrence 

Total postop 
hospital stay 

Level of evidence‡ I I I I I II II I 

Population, no 

OP 542 428 140 222 298 102 134 108 

LAP 534 435 273 250 294 106 135 110 

Tumour stage         

I 24% 26% (OP) 
35% (LAP) 

NA 28% (OP)  
35% (LAP) 

23% 22% — NA 

II 43% 34% (OP) 
31% (LAP) 

NA 38% (OP) 
32% (LAP) 

40% 43% 49% NA 

III 33% 28% (OP) 
26% (LAP) 

NA 33% (OP) 33% 
(LAP) 

30% 35% 51% NA 

IV — 4% (OP) 
2% (LAP) 

NA — 2% — — NA 

Postoperative 
chemotherapy 

According to 
surgeon  

(p = 0.99) 

According 
to surgeon 

29% (OP) 
28% (LAP) 

NA NA 55% (OP) 
61% (LAP) 

For stage III 
patients 

NA 

Surgery 

Surgical procedure         

Right 47% 54% 45% 29% 58% 45% — 48% 

Left 11% 7% 13% ¶ 4% 2% 70% 49% 

Sigmoid 38% 38% 21% ¶ — 45% 30% — 

Anterior — — 11% — 38% 5% — — 

Conversion rate 19% 21% 25% 11% 15% 11% 3% 11% 

Surgeon experience ≥ 20 LAP 
colectomies 

≥ 20 LAP 
colectomies 

≥ 20 LAP 
resections 

≥ 20 LAP 
colectomies 

52% surgeons 
treated  

> 10 patients 

Experienced 
team 

Experienced 
surgeon 

≥ 20 LAP for 
benign 
disease 

CLASICC = Conventional Versus Laparoscopic-Assisted Surgery in Patients with Colorectal Cancer; COLOR = Colon Cancer Laparoscopic or Open Resection; COST = Clinical Outcomes of 
Surgical Therapy; DFS = disease-free survival; LAP = laparoscopy; LR = local recurrence; multi = multicentred; NA = not available; OP = open surgery; OS = overall survival; single = single-
centred. 
*This trial included patients with colon and rectum cancers. When available, only data speci!c to colon cancer are presented. 
†This trial evaluated fast-track versus standard care and LAP versus OP (4 arms). Only the 2 arms with standard care (LAP v. OP) are presented. 
‡As evaluated according to the American Society of Clinical Oncology and European Society for Medical Oncology gradation system (see Table 1). 
§Only short-term outcomes are published. 
¶71% for left plus rectosigmoid. 
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surgery for the treatment of colon cancer were identified.
For rectal cancer, 9 phase III randomized clinical
 trials11,20,21,33–42 and 7 meta-analyses were selected.28,29,43–47 No
meeting abstracts satisfied the inclusion criteria. The main
design characteristics of each randomized trial are sum -
mar ized in Table 2 for colon cancer and in Table 3 for rec-
tal cancer.

Oncologic outcomes: colon cancer

Phase III randomized trials
In 2009, Buunen and colleagues10 presented the long-term
results of the Colon cancer Laparoscopic or Open Resec-
tion (COLOR) noninferiority trial. The primary outcome
was 3-year disease-free survival, which was 74.2% with the
laparoscopic procedure and 76.2% with open surgery.
Noninferiority thresholds were set at a 7% difference
between the 2 procedures at a level of significance of p =
0.025. These 2 criteria were not met, since the superior

limit of the 95% confidence interval (CI) of the observed
difference reached 7.2% (p = 0.03). Three-year overall sur-
vival was 81.8% after laparoscopy and 84.2% after open
surgery (p = 0.45).

In 2004, the long-term results of the Clinical Outcomes
of Surgical Therapy (COST) noninferiority trial16 were
presented. The cut-offs to declare the laparoscopic pro -
cedure noninferior to open surgery regarding time to
recurrence at 3 years were set at a hazard ratio (HR) of less
than 1.23 and p ≥ 0.41. According to these criteria, the
laparoscopic procedure was not inferior to open surgery
(p = 0.83). The cumulative incidence of recurrence did not
significantly differ between the 2 procedures (HR 0.86,
95% CI 0.63–1.17, p = 0.32). No differences in overall sur-
vival (HR 0.91, 95% CI 0.68–1.21, p = 0.51) or disease-free
survival (HR 0.95, 95% CI 0.74–1.23, p = 0.70) were ob -
served. In 2007, Fleshman and colleagues17 published
updated results after 5 years of follow-up and confirmed the
noninferiority of laparoscopy in terms of time to recurrence

Table 3. Main characteristics of randomized clinical trials on rectal cancer

Variable Liang33 COREAN34 CLASICC11,20,21* Lujan36 Ng37,38 Ng39 Pechlivanides40 Braga41* Zhou42

Study design,
Phase III 

single multi multi single single single multi single single 

Concealment Opaque
envelopes

Computer-
generated 

Centralized, 
by phone 

Computer-
generated 

Computer-
generated 

Computer-
generated 

Computer-
generated 

Computer-
generated 

NA

Median follow-up, 
mo. 

44 NA 37 34 (OP)
33 (LAP) 

113 (OP)
109 (LAP) 

91 (OP)
87 (LAP) 

NA 54 NA

Primary outcomes 3-year OS DFS 5-year DFS,
5-year OS, 

LR

No. lymph 
nodes

retrieved,
integrity of
mesorectal
resection 
margin

Long-term
morbidity 

Postoperati
ve recovery

No. lymph 
nodes

retrieved 

Short-term
postopmor

bidity

Short-term
results 

Level of evidence† I I I I I I I I I 

Population, no 

OP 174 170 128 103 77 48 39 89 89

LAP 179 170 253 101 76 51 34 82 82

Tumour stage 

I NA NA NA 15% (OP)
11% (LAP) 

15% (OP)
17% (LAP) 

NA NA NA NA

II NA NA NA 38% (OP)
35% (LAP) 

38% (OP)
38% (LAP) 

NA NA NA NA

III NA NA NA 43% (OP)
45% (LAP) 

26% (OP)
36% (LAP) 

NA NA NA NA

IV NA NA NA 5%   (OP)
10% (LAP) 

21% (OP)
9%   (LAP) 

NA NA NA NA

Postoperative 
chemotherapy

NA Recom-
mended 
for 4 mo

29% (OP)
28% (LAP) 

Stage III or
IV disease 

33% (OP)
14% (LAP) 

NA NA NA NA

Surgery 

Tumour distance
from AV, cm

NA 5.3 (OP)
5.6 (LAP) 

NA 6.2 (OP)
5.5 (LAP) 

12–15 cm ≥ 5 cm 8 (OP)
6 (LAP) 

8.6 (OP)
9.1 (LAP) 

NA

Conversion rate < 1% 1% 34% 8% 30% 10% 3% 7% NA

Surgeon
experience 

Experienced
surgeon 

28–150 
LAP 

≥ 20 LAP Experienced
team

Experienced 
surgeon 

Experienced 
surgeon 

Experienced
surgeon 

Experienced
team

Experienced 
surgeon 

AV = anal verge; CLASICC = Conventional Versus Laparoscopic-Assisted Surgery in Patients with Colorectal Cancer; COREAN = Comparison of Open versus laparoscopic surgery for 
mid and low Rectal cancer After Neoadjuvant chemoradiotherapy; DFS = disease-free survival; LAP = laparoscopy; LR = local recurrence; NA = not available; OP = open surgery;
OS = overall survival. 
*This trial included patients with colon and rectum cancers. When available, data speci!c to rectal cancer are presented. 
†As evaluated according to the American Society of Clinical Oncology and European Society for Medical Oncology gradation system (Table 1). 
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(p = 0.75) and cumulative incidence of recurrence (HR
0.84, 95% CI 0.62–1.13, p = 0.25).

In 2007, Jayne and colleagues11 presented the long-term
results of the Conventional versus Laparoscopic-Assisted
Surgery in Colorectal Cancer (CLASICC) trial. The objec-
tive was to assess overall survival, disease-free survival and
local recurrence at 3 years in patients with colon or rectal
cancer treated with laparoscopic or open surgery. For
colon cancer, the local recurrence rates were 7.3% with
laparoscopy and 6% with open surgery (p = 0.68). Differ-
ences between the 2 approaches with respect to 3-year
overall survival (p = 0.51) and disease-free survival (p =
0.75) were not significant. Updated data showed similar
results between groups assigned to laparoscopy and open
surgery for 5-year overall survival (55.7% v. 62.7%, p =
0.25) and disease-free survival (57.6% v. 64%, p = 0.40).20

In 2008, Lacy and colleagues22 presented long-term
results of a phase III randomized trial conducted in
Barcelona, Spain, updating data initially published in
2002.23 The primary outcome was cancer-related mortality.
After 3.5 years of follow-up, cancer-related mortality was
9% with laparoscopy and 21% with open surgery (p =
0.03); after a median follow-up of 8 years, the rate was
16% and 27%, respectively, (p = 0.07). Recurrence rates of
18% with laparoscopy and 28% with open surgery were
also observed (p = 0.07).

In 2007, Liang and colleagues24 published results of a
randomized trial conducted in Taiwan by a single surgeon.
Time to recurrence after colon cancer resection was not
significantly different between the laparoscopic and open
procedure (p = 0.36). The cumulative incidence of recur-
rence was 17% with laparoscopy and 21.6% with open
surgery.

In 6 trials, the extent of resection, as measured by resec-
tion margins and the number of lymph nodes harvested,
did not significantly differ between laparoscopic and open
surgery. The number of lymph nodes harvested varied
between 10 and 17.14,16,21,23,24,26 In the studies reporting recur-
rence rates at wound or port sites, the rates were not statis-
tically different between the groups (1.3% v. 0.4%, p =
0.09;10 0.9% v. 0.5%, p = 0.43;17 0.9% v. 0%, p value not
available;23 and 0.7% v. 0.7%, p value not available,24 for the
laparoscopic and open procedures, respectively).

Meta-analyses
In 2011, Ma and colleagues29 conducted a meta-analysis
comparing laparoscopy with open resection for colorectal
cancer. Data from 6 studies (n = 1800) specific to colon
cancer showed that cancer-related mortality was 17.7%
with laparoscopy and 19.7% with open surgery (odds ratio
[OR] 0.85, 95% CI 0.66–1.09, p = 0.20).

In 2010, Bai and colleagues30 conducted a meta-analysis
including 3 trials (n = 2147)10,17,22 that reported long-term
outcome data following laparoscopic and open colon
resection. Overall mortality was similar for laparoscopy

and open surgery (24.9% v. 26.4%, OR 0.92, 95% CI
0.76–1.12, p = 0.41). Overall recurrence rates of 19.3%
and 20% (OR 0.96, 95% CI 0.78–1.19, p = 0.71), local
recurrence rates of 4% and 4.4% (OR 0.91, 95% CI 0.59–
1.39, p = 0.66) and distal recurrence rates of 12.8% and
14% (OR 0.90, 95% CI 0.70–1.16, p = 0.41) were also
observed with laparoscopic and open surgery, respectively.

In 2008, Kuhry and colleagues31 conducted a Cochrane
collaboration meta-analysis comparing survival and recur-
rence rates in patients with colorectal cancer treated with
laparoscopic or open surgery. This meta-analysis included
12 trials. Four trials (n = 938) presented results of recur-
rence in patients with colon cancer. The local recurrence
rate was 5.2% with laparoscopic surgery and 5.6% with
open resection (OR 0.84, p = 0.57), whereas distant recur-
rence was 11.3% and 13.6%, respectively (OR 0.82, p =
0.32). In 5 trials (n = 1575), cancer-related mortality was
14.6% with laparoscopy and 16.4% with open surgery (OR
0.80, p = 0.12). The combined results of 4 trials (n = 1162)
showed overall mortality of 20.4% with laparoscopy and
23.6% with open surgery (OR 0.82, p = 0.17).

In 2007, Bonjer and colleagues32 presented a meta-
analysis combining individual data on patients recruited
before March 2000 in the COLOR, COST, CLASICC
and Barcelona trials (n = 1536). The 3-year overall survival
(82.2% v. 83.5%, p = 0.56) and disease-free survival (75.8%
v. 75.3%, p = 0.83) were similar between laparoscopic and
open colectomy, respectively.

A recent meta-analysis28 showed that the number of
lymph nodes harvested was similar with laparoscopic and
open colon resection (weighted mean difference [WMD] 
–0.18, p = 0.82).

Oncologic outcomes: rectal cancer

Phase III randomized trials
In 2011, Liang and colleagues33 presented results of a ran-
domized trial conducted in a single centre in China to
evaluate 3-year overall survival following laparoscopic or
open surgery for rectal cancer. After a median follow-up of
about 44 months, overall survival was similar for laparo-
scopic and open surgery (76% v. 82.8%, p = 0.46). There
was no difference between these 2 procedures in the
median number of lymph nodes harvested (7.1 v. 7.4, p =
0.47) or the distance between the inferior border of the
tumour and the incised margin in the lower anterior
resection operation (3.2 cm v. 3.1 cm, p = 0.15).

In 2010, Kang and colleagues34 presented the short-term
oncologic results of the Comparison of Open versus
laparoscopic surgery for mid and low REctal cancer After
Neoadjuvant chemoradiotherapy (COREAN) trial. The
tumour had to be localized at no more than 9 cm from the
anal verge. No difference was shown between laparoscopic
and open surgery with respect to the macroscopic quality
of the resected mesorectum (complete 72.4% v. 74.7%;
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almost complete 19.4% v. 13.5%; incomplete 4.7% v.
6.5%; p = 0.41), the median number of lymph nodes har-
vested (17 v. 18, p = 0.09), the negative circumferential
margins (97.1% v. 95.5%, p = 0.77) and the rate of negative
proximal, distal and radial margins (p = 0.44, p = 0.54 and
p = 0.31, respectively).

In 2010, Jayne and colleagues20 presented updated
results of the CLASICC trial after a median follow-up of
56.3 months. For rectal cancer, overall survival (60.3% v.
52.9%, p = 0.13) and disease-free survival (53.2% v. 52.1%,
p = 0.95) were similar for laparoscopic and open surgery,
respectively. No difference was observed between laparo-
scopic and open procedures in local and distal recurrence
rates. Distal recurrence rates were 21.9% with both laparo-
scopic and open anterior resection, whereas they were
35.7% with laparoscopic abdominoperineal resection and
40.8% with open abdominoperineal resection. Local recur-
rence rates were 9.4% with laparoscopic and 7.6% with
open anterior resection. Positive resection margins were
more frequent with laparoscopic than open anterior resec-
tion (12.4% v. 6.3%, p = 0.01), but not with abdominoperi -
neal resection (20% v. 26%, p value not available).

In 2009, Lujan and colleagues36 presented results of a
noninferiority randomized trial that evaluated efficacy of
laparoscopy compared with open resection of the low or
mid rectum. Five-year disease-free survival (84.8% v. 81%,
p = 0.90), overall survival (72.1% v. 75.3%, p = 0.98) and
local recurrence (4.8% v. 5.3%, p = 0.78) were similar with
laparoscopic and open surgery, respectively. The mean
number of lymph nodes harvested was greater with
laparoscopy than with open surgery (13.6 v. 11.6, p = 0.03).
Integrity of the resection margins was similar with laparo-
scopic and open procedures (2.8% v. 4%, p = 0.42).

In 2009, Ng and colleagues37 presented results of a ran-
domized trial conducted in a single centre in Hong Kong
to evaluate long-term oncologic efficacy of laparoscopic
surgery for proximal rectal cancer (12–15 cm from the anal
verge). After a median follow-up of about 110 months, no
difference was found between laparoscopic and open
surgery in terms of overall survival (p = 0.30), cancer-
related survival (p = 0.60) and disease-free survival (p =
0.70) in patients with stage I–III rectal cancer. Mean sur-
vival was not different for stage IV cancer (p = 0.16). Dur-
ing the 10-year follow-up period, 37.3% of patients
assigned to laparoscopy and 38.8% of patients assigned to
open surgery died; 15.3% and 16.4% were rectal cancer-
related deaths, and 18.6% and 19.4% were other cancer-
related deaths, respectively. Recurrence rates (local 7.1% v.
4.9%, p = 0.68; distal 12.3% v. 18.1%, p = 0.37), mean
number of lymph nodes harvested (11.5 v. 12, p = 0.70) and
positive resection margins (2.6% v. 1.3%, p = 0.62) were
similar with laparoscopic and open surgeries, respectively.

In 2008, Ng and colleagues39 presented results of a ran-
domized trial conducted in a single centre in Hong Kong
that evaluated laparoscopic surgery in distal rectal cancer

treatment (up to 5 cm from the anal verge). After a median
follow-up of about 90 months, no difference was found
between laparoscopic and open surgery for 5-year overall
survival (75.2% v. 76.5%, p = 0.20) and disease-free survival
(78.1% v. 73.6%, p = 0.55) in patients with stage I–III rectal
cancer. In patients with stage IV disease, mean survival was
32.6 months after laparoscopy and 13.9 months after open
surgery (p = 0.05). During the follow-up period, 30% of
patients assigned to laparoscopy and 47.2% of patients
assigned to open surgery died; 15% and 22.2%, respectively,
were cancer-related deaths. Recurrence rates were similar
with laparoscopic and open surgery (p = 0.60), as were the
mean number of lymph nodes harvested (12.4 v. 13, p = 0.72)
and the positive resection margins rate (6.3% v. 3.9%).

In 2007, Pechlivanides and colleagues40 presented the
results of a randomized trial conducted by a single surgeon
to compare laparoscopic and open surgeries in the treat-
ment of rectal cancer localized at less than 12 cm from the
anal verge. The mean number of lymph nodes harvested
was 19.2 in both groups (p = 0.2). No data on survival or
recurrence were presented.

In 2007, Braga and colleagues41 presented results of a
randomized trial, conducted in Italy by a single team, after
a median follow-up of 53.6 months. No difference was
observed between groups assigned to laparoscopy or open
surgery for 5-year overall survival (stage I: p = 0.93, II: p =
0.37, III: p = 0.98, and IV: p = 0.95), 3-year local recurrence
(4% v. 5.2%, p = 0.97) and mean number of lymph nodes
harvested (12.7 v. 13.6, p value not available). The distal
margins were negative in all patients whereas positive cir-
cumferential margins were observed in 1 patient treated
with laparoscopy (1.3%) and 2 patients treated with open
surgery (2.4%).

Meta-analyses
In 2011, Huang and colleagues43 conducted a meta-analysis
including 6 clinical trials (n = 1033) that evaluated efficacy of
laparoscopic surgery in rectal cancer treatment. Three-year
overall survival (p = 0.11, 4 trials) and disease-free survival
(p = 0.11, 3 trials) were not significantly different after

Table 4. Comparison of oncologic results in rectal cancer44 

Result OR (95% CI) p value 

Progression-free survival   

3-year 0.90 (0.66–1.24) 0.53 

5-year 1.17 (0.85–1.61) 0.35 

Recurrence   

Total 0.93 (0.68–1.25) 0.61 

Local 0.83 (0.52–1.31) 0.41 

Wound sites 1.34 (0.07–24.10) 0.84 

Distal metastasis 0.89 (0.63–1.27) 0.52 

Mortality   

Overall 0.80 (0.60–1.07) 0.13 

Cancer-related 0.71 (0.45–1.12) 0.14 

CI = con!dence interval; OR = odds ratio. 
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laparoscopy or open surgery. After a follow-up  ranging from
32.8 to 112.5 months, local recurrence rates after laparo-
scopic and open surgery were not statistically different (p =
0.21, 4 trials). No difference was observed between
laparoscopy and open surgery for the mean number of
lymph nodes harvested (p = 0.43, 5 trials); positive circumfer-
ential resection margins were also similar (7.9% v. 5.4%, p =
0.63, 5 trials).

In 2011, Ohtani and colleagues44 conduted a meta-
analysis comparing the oncologic efficacy of laparoscopic
and open surgery for rectal cancer. Twelve trials were
included (n = 2095), and results showed no difference
between the 2 procedures for the oncologic outcomes
measured (Table 4).

In the meta-analysis comparing laparoscopy with open
resection for colorectal cancer by Ma and colleagues29 in
2011, data specific to rectal cancer from 5 studies were pre-
sented (n = 991). Cancer-related mortality was 13.1% with
laparoscopy and 15.3% with open surgery (OR 0.76, 95%
CI 0.53–1.11, p = 0.16).

In 2008, Anderson and colleagues45 conducted a meta-
analysis including 22 clinical trials that evaluated the efficacy
of laparoscopic surgery in rectal cancer treatment. After
4.4 years of follow-up (13 trials), overall survival was 72%
with laparoscopy and 65% with open surgery (p = 0.5). At a
median follow-up of 35 months, local recurrence rates after
laparoscopic and open surgery were 7% and 8%, respect -
ively (16 trials), whereas distal recurrence rates were 12%
and 14%, respectively (p = 0.54, 9 trials). The mean number
of lymph nodes harvested was lower with laparoscopy than
with open surgery (10 v. 12, p = 0.001, 17 trials); however,
3 trials showed that more lymph nodes were harvested with

laparoscopy. The rate of positive resection margins was simi-
lar with laparoscopic and open surgery (5% v. 8%, 10 trials).

Three additional meta-analyses compared short-term
oncologic outcomes after laparoscopic and open surgery
for rectal cancer and showed no difference between the
procedures in terms of the mean number of lymph nodes
harvested and the rate of positive resection margins.28,46,47

Short-term outcomes

Duration of operation
Thirteen trials presented data on the duration of surgery for
colon and rectal cancer (Table 5). In all but 1 study, operative
time was longer for laparoscopic than for open surgery. The
COLOR trial investigators showed that differences in oper-
ative time between the 2 procedures for colon cancer tended
to be smaller in centres with high volumes (p = 0.027).14

Intraoperative blood loss
Five trials assessed median intraoperative blood loss during
laparoscopic and open surgeries for colon cancer.10,23–25,27

Four trials observed less blood loss during laparoscopy:
COLOR (100 mL v. 175 mL, p = 0.003),10 Barcelona
(105 mL v. 193 mL, p = 0.001),23 Liang and colleagues24

(54 mL v. 240 mL, p < 0.001) and LAFA-study (100 mL v.
200 mL, p < 0.001).25 Only the Australasian Laparoscopic
Colon Cancer Study (ALCCaS) trial showed no signifi-
cant difference between the 2 procedures (median blood
loss of 100 mL in both cases, p = 0.17).27

Six trials assessed intraoperative blood loss during rectal
cancer surgery.34,36,37,39,41,42 All trials showed a trend toward
less blood loss with laparoscopy; this trend was significant

Table 5. Operative time of open and laparoscopic surgeries 

Trial 

Operative time; median (range) or mean ± SD, min 

p value Open surgery Laparoscopic surgery 

Colon cancer    

COLOR10 115 (70–180) 145 (102–230) < 0.001 

COST16 95 (27–435) 150 (35–450) < 0.001 

Barcelona23 118 ± 45 142 ± 52 0.001 

Liang et al.24 184 ± 31 224 ± 45 < 0.001 

LAPKON II26 138 ± 45 183 ± 61 < 0.001 

ALCCaS27 107 (45–250) 158 (49–365) < 0.001 

Rectal cancer    

Liang et al.33 119 ± 22 138 ± 24 < 0.001 

COREAN34 197 ± 63 245 ± 75 < 0.001 

Lujan et al.36 173 ± 59 194 ± 45 0.020 

Ng et al.37 154 ± 70 213 ± 59 < 0.001 

Ng et al.39 164 ± 43 214 ± 46 < 0.001 

Braga et al.41 209 ± 70 262 ± 72 < 0.001 

Zhou et al.42 106 (80–230) 120 (110–220) 0.05 

ALCCaS = Australasian Laparoscopic Colon Cancer Study; COLOR = Colon cancer Laparoscopic or Open Resection; COREAN = Comparison 
of Open versus laparoscopic surgery for mid and low Rectal cancer After Neoadjuvant chemoradiotherapy; COST = Clinical Outcomes of 
Surgical Therapy; SD = standard deviation. 
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in 4 trials: COREAN (200 mL v. 217.5 mL, p = 0.006),34

Lujan and colleagues36 (127.8 mL v. 234.2 mL, p < 0.001),
Braga and colleagues41 (150 mL v. 350 mL, p < 0.001) and
Zhou and olleagues42 (20 mL v. 92 mL, p = 0.05).

Two trials compared transfusion use during laparoscopic
and open surgeries for the treatment of colon cancer.26,27

Sixteen patients undergoing laparoscopy (5.4%) versus
18 pa tients undergoing open surgery (6%) received a
transfusion in the ALCCaS trial,27 whereas 11.6% and
17.6% of patients assigned to laparoscopic and open
surgery, respetively, received transfusion in LAPKON II.26

Three trials evaluated transfusion rates during rectal can-
cer resection.33,34,41 Only 1 patient, assigned to open surgery,
needed a transfusion in the COREAN trial (p > 0.99),34

whereas 4 patients (2.4%) assigned to laparoscopy and
8 patients (4.6%) assigned to open surgery needed a trans-
fusion in the trial by Liang and colleagues33 (p = 0.38).
Braga and colleagues41 observed transfusion rates of 7.2%
with laparoscopy and 26.8% with open surgery (p = 0.002).

Postoperative pain
Liang and colleagues24 measured postoperative pain using a
visual analogue scale of 0–10. Less pain was recorded after
laparoscopy than open surgery for colon cancer (median
3.5 v. 8.6, p < 0.001). In the COREAN trial, mean postop-
erative pain was less after laparoscopy than open surgery
up to 3 days after surgery for rectal cancer (p < 0.05).34 Ng
and colleagues39 reported no difference in pain, according
to the visual analogue scale, on the first day after laparo-
scopic and open surgery for rectal cancer (p = 0.41).

In 2 trials, less analgesic use was reported after lapa -
roscopy than open surgery for colon cancer. In the
COLOR trial, 8%–14% fewer patients needed analgesics in
the first 3 days after laparoscopy than open surgery
(p < 0.001 to p = 0.008).14 In the COST trial, this difference
corresponded to a median of 1 day less needing analgesics.16

There was also less analgesic use after laparoscopy than
open surgery for rectal cancer, according to 4 trials. In
these trials, lower doses of morphine (median 107.2 mg v.
156.9 mg, p < 0.001),34 and fewer injections of analgesics
(mean 6 v. 11.4, p = 0.007 and 4.9 v. 8.3, p = 0.001)37,39 were
used by patients assigned to laparoscopy than open surgery.
The median duration of analgesic treatment was also
shorter (3.9 d v. 4.1 d, p = 0.23).42

Recovery of intestinal function
For colon cancer, Liang and colleagues24 found that postop-
erative ileus lasted for a mean of 48 hours after laparoscopy
compared with 96 hours after open surgery (p < 0.001). In
the Barcelona trial, peristalsis began at a mean of 36 hours
after laparoscopic surgery compared with 55 hours after
open surgery (p = 0.001).23 In the ALCCaS trial, the mean
time to passing first flatus was 3.2 days after laparoscopy
compared with 3.5 days after open surgery (p = 0.027).27

Finally, 3 trials measured time to first bowel movement: 3.6,

5.0 and 4.4 days, respectively, after laparoscopy and 4.6, 6.0
and 4.9 days, respectively, after open surgery (p < 0.001,14

p value not available21 and p = 0.011,27 respectively).
For rectal cancer, peristalsis also began sooner after

laparoscopy than open surgery, as found in 5 trials: Liang and
colleagues33 (3.9 d v. 4.2 d, p < 0.001), Ng and colleagues39

(4.3 d v. 6.3 d, p < 0.001), Ng and colleagues37 (4.1 d v. 4.7 d, 
p = 0.06), CLASICC (5 d v. 6 d, p value not available)21 and
Zhou and colleagues42 (1.5 d v. 2.7 d, p = 0.009). This conclu-
sion is supported in a meta-analysis (WMD –1.52 d, 95% CI
–2.20 to –1.01).46 The mean time to passing first flatus was
also shorter after laparoscopy (38.5 hr v. 60 hr, p < 0.00134 and
3.1 d v. 4.6 d, p < 0.00139), as was the mean time for first stool
(3 d v. 3.3 d, p < 0.00133 and 96.5 hr v. 123 hr, p < 0.00134).
Return to normal diet after laparoscopic and open surgery
for rectal cancer was evaluated in 4 trials: COREAN (85 hr v.
93 hr, p < 0.001),34 Ng and colleagues39 (4.3 d v. 6.3 d, p =
0.001), Ng and colleagues37 (4.3 d v. 4.9 d, p = 0.001) and
CLASICC (6 d v. 6 d; p value not available).21 Faster return to
normal diet after laparoscopy was confirmed in a meta-
analysis (WMD –0.92 d, 95% CI –1.35 to –0.50).46

Length of hospital stay
Seven trials presented data on length of hospital stay after
colon cancer surgery (Table 6). In all cases, patients treated
with laparoscopy had a shorter hospital stay than patients
treated with open surgery. However, the ALCCaS trial
showed that among laparoscopy-treated patients, those who
were converted to open surgery had a significantly longer
hospital stay than those who were not converted (14.6 d v.
8.6 d, p < 0.001).27 As for rectal cancer, 7 trials presented
data on length of hospital stay (Table 6). Although all trials
reported a shorter hospital stay after laparoscopy than open
surgery, the difference was significant in only 3 trials. In
addition, a meta-analysis showed that hospital stay was
shorter after laparoscopy than open surgery for rectal can-
cer (WMD –2.67 d, 95% CI –3.81 to –1.54).46

Morbidity and mortality
Overall complication rates following colon cancer resec-
tion were evaluated in 4 trials. Only in the Barcelona trial
was the complication rate lower for laparoscopy than open
surgery (11% v. 29%, p = 0.001),23 whereas COLOR,14

LAFA-study25 and the study by Liang and colleagues24

reported no significant difference after laparoscopic or
open procedures (p = 0.88, p = 0.20 and p = 0.15, respect -
ively). Reported intraoperative complications included
hemorrhage, cardiac or pulmonary insufficiency, adverse
anesthetic events and injury of bowel or adjacent organs.
The intraoperative complication rate was statistically
higher following laparoscopy in 1 trial (10.5% v. 3.7%, p =
0.001),27 whereas 3 trials showed no difference between
laparoscopic and open procedures (4% v. 2%, p = 0.10,16

7% v. 8%, p value not available,21 and 5.6% v. 2.3%, p =
0.1026). No difference in postoperative complication rates
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was found in these 4 trials between laparoscopic and open
surgery (37.8% v. 45.3%, p = 0.06,27 19% v. 19%, p =
0.98,16 26% v. 27%, p value not available,21 and 25.2% v.
23.9%, p = 0.7526). Wound or urinary tract infections,
anastomotic leakage, prolonged ileus, hemorrhage, and
various cardiac, pulmonary or vascular complications were
the most frequent postoperative complications reported.

Complication rates following rectal cancer resection
were presented in 7 trials.21,34,36,37,39,41,42 The intraoperative
complication rates ranged from 6.1% to 21.2% for lapa -
roscopy and from 12.4% to 23.5% for open surgery (p =
0.016 to p = 0.60),21,34,42 and the postoperative complication
rates ranged from 2.4% to 45.1% and from 10.6% to
52.1%, respectively (p = 0.012 to p = 0.96).36,37,39,41 Results of
a meta-analysis showed that patients assigned to lapa -
roscopy presented less morbidity than those assigned to
open surgery (OR 0.63, 95% CI 0.41–0.96, p = 0.030).47

Reported intraoperative complications included hemor-
rhage, cardiac or pulmonary insufficiency, anesthesia-
related complications and injury of serosa or adjacent
organs, whereas postoperative complications included
anastomotic leakage, wound and urinary tract infections
and various cardiac, pulmonary or vascular complications.
Four trials reported the need for reoperation, and none
observed any difference between patients undergoing
laparoscopic and open surgery for the frequency of second
operation.34,37,39,41

Six trials reported short-term mortality following laparo-
scopic or open resection for colon cancer.10,16,23,25–27 In all of

these studies, mortality was 2% or less and was not signifi-
cantly different between the 2 groups (p = 0.40 to p = 0.99).
Six trials reported the short-term mortality for rectal cancer
and showed no difference between laparoscopic and open
procedures.21,33,36,37,39,41 The highest mortality was observed in
the CLASICC trial (4% following laparoscopy and 5% fol-
lowing open surgery, p = 0.57).

Quality of life
Three trials evaluated quality of life following laparo-
scopic and open surgery in patients with colon cancer. In a
subgoup of the COLOR trial (n = 285), social function at
2 (p = 0.046), 4 (p = 0.031) and 12 (p = 0.05) weeks and role
function at 2 weeks (p = 0.006) were better following
laparoscopic than open surgery.15 In the COST trial (n =
428), only the global quality of life score 2 weeks after
surgery was higher following laparoscopy (80 v. 75, p value
not available),18 whereas only the global quality of life
score (p = 0.05) and the subdomain of outlook (p = 0.02)
were improved 18 months after surgery.19 The LAFA-
study showed no statistically significant differences on any
of the scales evaluated between laparoscopic and open
surgery at any time point.25

For rectal cancer, 3 trials evaluated quality of life fol-
lowing laparoscopic and open surgery. The COREAN
trial showed that sleep (p = 0.004), physical condition (p =
0.007) and fatigue (p = 0.021) were better 3 months after
lapa roscopy than open surgery. A greater frequency of sexual
problems after surgery than before the intervention was

Table 6. Length of hospital stay following open and laparoscopic surgeries 

 

 

Trial 

 Length of hospital stay, d  

Measure Open surgery 
Laparoscopic 

surgery p value 

Colon cancer     

      COLOR14 mean ± SD 9.3 ± 7.3 8.2 ± 6.6 < 0.001 

      COST16 median (IQR) 6 (5–7) 5 (4–6) < 0.001 

      Barcelona22 mean ± SD 7.9 ± 9.3 5.2 ± 2.1 0.005 

      Liang et al.23 mean ± SD 14.0 ± 2.0 9.0 ± 1.0 < 0.001 

      LAPKON II26 mean ± SD 
median (range) 

13.0 ± 8.6 
12 (4–109) 

13.4 ± 12.0 
10 (1–123) 

0.032 

      ALCCaS27 median (range) 
mean ± SD 

8 (4–59) 
10.6 ± 7.2 

7 (1–55) 
9.5 ± 7.4 

< 0.001 
0.07 

      CLASICC21 median (IQR) 9 (8–13) 9 (7–12) NA 

Rectal cancer     

      CLASICC21 median (IQR) 11 (9–15) 13 (9–18) NA 

      COREAN34 median (IQR) 9 (8–12) 8 (7–12) 0.06 

      Lujan et al.36 mean ± SD 9.9 ± 6.8 8.2 ± 7.3 0.11 

      Ng et al.37 median (range) 11.5 (3–38) 10.8 (5–27) 0.55 

      Ng et al. 39 median (range) 10 (3–39) 8.4 (2–32) 0.013 

      Braga et al.41 mean ± SD 13.0 ± 10.0 10.0 ± 4.9 0.004 

      Zhou et al.42 mean ± SD 13.3 ± 3.4 8.1 ± 3.1 0.001 

ALCCaS = Australasian Laparoscopic Colon Cancer Study; CLASICC = Conventional Versus Laparoscopic-Assisted Surgery in 
Patients with Colorectal Cancer; COLOR = Colon cancer Laparoscopic or Open Resection; COREAN = Comparison of Open 
versus laparoscopic surgery for mid and low Rectal cancer After Neoadjuvant chemoradiotherapy; COST = Clinical Outcomes 
of Surgical Therapy; IQR = interquartile range; NA = not available; SD = standard deviation. 
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observed for both groups (p < 0.001), with no difference
between groups (p = 0.29). More miction problems were
observed after laparoscopy than open surgery (p < 0.001).34

Braga and colleagues41 showed better general health status
(p < 0.001), physical condition (p < 0.001) and social function
(p = 0.003) with laparoscopy than open surgery, but only in
the first year after the operation.41 In the CLASICC trial, it
was shown that men treated with laparoscopy tended to have
worse global sexual (p = 0.06) and erectile function (p = 0.07);
however, this difference was not significant. Conversion and
total mesorectal excision were identified as prognostic fac-
tors negatively affecting sexual function. Although a decrease
in global sexual function was generally observed in women
following surgery, no difference was noted between groups.
Urinary function was also similar following laparoscopic and
open surgery in both men and women.35

DISCUSSION

Oncologic outcomes

The first case series comparing laparoscopic and open
surgeries for colon cancer treatment reported high recur-
rence rates at wound and port sites, raising doubts as to
the oncologic efficacy of laparoscopy. Large randomized
trials that followed were therefore attentive to oncologic
outcomes, such as positive resection margins, number of
lymph nodes harvested and recurrence rates at port sites.
None of the trials included in this review showed any dif-
ference between open and laparoscopic procedures
regarding these outcomes. Only in the COLOR trial were
there more recurrences in the abdominal wall observed
following laparoscopy than open surgery for colon cancer
(5 at the port site and 2 at the tumour extraction site), but
the difference was not significant (p = 0.09).10 Three trials
presented data on recurrence at trocar and scar sites fol-
lowing surgery for rectal cancer and reported only 1 re -
currence (in the open surgery group).33,37,39 Thus, it appears
that initial concerns were not justified.

All but 1 trial studying colon cancer concluded that
laparoscopy is noninferior to open surgery in terms of over-
all survival, disease-free survival and recurrence rate. The
COLOR study group had set the noninferiority threshold
at 7%, and the upper limit of the 95% CI for the 3-year 
disease-free survival difference just exceeded this, at 7.2%.10

Though they could not totally exclude the possibility of
inferiority, the authors still concluded that lapa roscopy
could be performed safely for the treatment of colon cancer.
Moreover, when data are analyzed according to treatment
received, as recommended in the CONSORT statement,48

the noninferiority of laparoscopy is statistically confirmed.10

On the other hand, only 1 trial concluded that laparoscopy
was superior to open surgery for colon cancer treatment.22

However, a number of biases were identified in that trial.
First, trial design was based on the hypothesis that nonin -

feriority would be declared if cancer-related survival after
laparoscopy was less than 15% inferior to that after open
surgery, which is a clinically unacceptable threshold accord-
ing to the oncologic experts consulted. Second, equivalence
of the 2 groups must be questioned, since the group
assigned to laparoscopy received more postoperative
chemotherapy than the group assigned to open surgery
(61% v. 55%). It therefore seems inappropriate to conclude,
based on the results of this single trial, that long-term out-
comes of patients with colon cancer after laparoscopic
resection are superior to those after open surgery.

The combined results of the 5 randomized trials in -
cluded in this review confirm that laparoscopy is nonin -
ferior to open surgery for colon cancer treatment with
respect to overall survival, disease-free survival and disease
recurrence.10,11,16,22,24 Results presented in 3 meta-analyses
also strongly support these conclusions.30–32

Trials evaluating the laparoscopic procedure for rectal
cancer had generally lower power than those evaluating
laparoscopic colon cancer resection, thus explaining why
trials accruing fewer than 200 patients were included in
this review. Consequently, 6 randomized trials presenting
data on survival and recurrence were retrieved and showed
noninferiority of laparoscopic compared with open resec-
tion for rectal cancer in terms of overall and disease-free
survival.20,33,36,37,39,41 The equivalence of these 2 procedures is
supported by 3 meta-analyses,43–45 and was confirmed for
both anterior and abdominoperineal resections.20

All trials retrieved included resections of the left, right or
sigmoid colon for adult patients with stage I, II or III colon
cancer or anterior or abdominoperineal resection of rectal
cancer of any stage. A laparoscopic procedure is thus appro-
priate for these populations. In contrast, patients presenting
with 1 or more of the following conditions were generally
excluded: transverse colon cancer; morbid obesity; adjacent
organ invasion; metastatic disease; cardiovascular, pulmonary
or hepatic disease; inflammatory bowel disease; or need for
emergency surgery. These conditions can be considered
potential contraindications for laparoscopy, depending on
the surgeon’s experience. Notably, transverse colon resection
poses many challenges, such as resection of the colic vessels
and mobilization of the 2 colic segments before anastomosis.
For these reasons, laparoscopic transverse colon resection
should only be performed by surgical teams with extensive
experience in laparoscopic colon resections. On the other
hand, while patients with metastatic disease have generally
been excluded from trials to avoid survival bias, clinical ex -
perience shows that laparoscopy can successfully be per-
formed in some symptomatic patients presenting with
obstruction or bleeding.

Short-term outcomes

Selected trials showed some short-term benefits of
laparoscopy compared with open colorectal cancer



                                                                                                                                                         Can J Surg, Vol. 56, No. 5, October 2013        307

RESEARCH

resection. These benefits include reduced need for anal-
gesics, less postoperative pain, faster recovery of intest -
in al function and shorter hospital stay. While these dif-
ferences were reported to be statistically significant,
they represent only modest clinical benefits. However,
1 trial showed that partial and complete return to regu-
lar activities of daily life and return to work occurred
twice as quickly after laparoscopy than open surgery.24

This aspect could be a decisive factor in favour of lapa -
roscopy for some patients.

Minor benefits regarding quality of life were also
reported for patients who underwent laparoscopic
surgery.15,18,19,34,41 However, the validity of these results is
open to question, since bias could not be excluded because
patients were not blinded to treatment allocation and
because no validated instrument specific to laparoscopic
surgery is available. The questionnaires used in these trials
addressed general health or cancer-related outcomes,
which may have been less appropriate for quality of life
assessment for patients undergoing surgery. Specifically for
rectal cancer, it was shown that both urinary and sexual
functions were not worse 3 months after laparoscopy com-
pared with open surgery. Only in the COREAN trial were
more problems with micturition after laparoscopy
observed (p = 0.002);34 however, this result was not repli-
cated in a meta-analysis.44

Laparoscopy requires longer operative time than open
surgery. Mean operative times for colon cancer resection
varied between 95 and 184 minutes for open surgery and
between 142 and 224 minutes for laparoscopy. The differ-
ence in duration for the 2 procedures thus ranges between
24 and 55 minutes. For rectal cancer, mean or median oper-
ative times ranged between 106 and 209 minutes with open
surgery and between 120 and 262 minutes with laparoscopy,
corresponding to a difference of 14–59 minutes between
the 2 procedures. In the COLOR trial, differences between
operative times tended to be smaller in centres with high
volumes, suggesting that this disadvantage of laparoscopy is
attenuated as the surgeon acquires more experience.14 This
trend was also observed for rectal cancer surgery.49–51

No clear conclusion can be drawn regarding complica-
tion rates following open or laparoscopic procedures for
colon cancer, since 1 trial observed more complications fol-
lowing open surgery,23 another showed more complications
following laparoscopy,27 and other trials observed similar
complication rates for the 2 procedures.14,16,21,24–26 In most
trials, however, complication rates remained at an accept-
able level following both procedures and were generally
low grade (I and II).16 In rectal cancer trials, intraoperative
and postoperative complication rates ranged from 14% to
24% and from 6% to 52%, respectively, and were not sta-
tistically different between laparoscopic and open surgery.
It is also presumed that the complication rate would be
affected by the surgeon’s experience, the complexity of the
surgery performed and the patient selection criteria.

Few patients died as a result of colorectal cancer resec-
tion, regardless of the operative technique.

Conversion rate

In the trials included in this review, conversion rates
ranged from 3% to 25% for colon cancer and from 0% to
33% for rectal cancer. Conversion was not uniformly
defined across trials, making comparison difficult. Reasons
for colon cancer conversion included advanced disease,
large tumour size, inability to localize the tumour, inability
to mobilize the colon, extensive adhesions, obesity and
intraoperative complications, whereas reasons for rectal
cancer conversion included substantial bleeding, difficulty
in performing a safe resection, anastomotic leakage, rectal
perforation, damaged ureter, obesity, advanced disease and
narrowness of the pelvic cavity. Moreover, body mass
index was identified as a significant factor for conversion
in the context of rectal cancer resection (p = 0.026).52 The
lowest conversion rates were generally observed in trials
where a single surgeon or team performed all laparoscopic
sur ger ies,23,24,33,34,36,40,41 suggesting that conversion rate is
inversely correlated with surgeon experience. Further-
more, in the CLASICC trial, the conversion rate to open
surgery for colorectal cancer decreased as more experience
was gained: 38% in the first year of accrual to 16% in the
sixth year.21

Conversion to open surgery is believed to have a nega-
tive impact on survival and morbidity outcomes. A sub-
group analysis performed by the authors of the COST
study showed that patients who underwent conversion
experienced more complications than those whose colon
surgery had been completed laparoscopically (7.8% v.
2.9%). Five-year overall survival was also lower in these
patients (69% v. 80%).17 In the CLASICC trial, converted
surgery was associated with a hospital stay of up to 2 weeks
longer than laparoscopy and with a higher complication
rate (93% v. 50% following open surgery and 59% follow-
ing laparoscopy).21 On intention-to-treat analysis, patients
who were converted intraoperatively to open surgery were
appropriately included in the laparoscopic group. Conver-
sion is a reality of normal practice and thus has to be 
considered in the evaluation of the safety of laparoscopy. 
Nevertheless, surgeries most suscept ible to being converted
should be identified preoperatively whenever possible so
that these patients can be treated with open surgery to
reduce the likelihood of complications.

Minimum training requirements

No randomized clinical trial has evaluated the minimum
training requirements for safely performing laparoscopy
for colon cancer treatment, despite the need to better
inform surgeons in this regard. Most practice guidelines
and consensus statements agree that surgeons need to
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acquire a certain level of training.53–56 In 2 trials, surgeons
were required to have performed at least 20 laparoscopic
colectomies in order to be recruited.10,16 A few trials have
tried to define the learning curve of laparoscopic colon
resection, but these are primarily case series constituting a
low level of evidence.57–60 Despite the absence of evidence,
it is reasonable to assume that the skills acquired from per-
forming simple laparoscopic procedures are transferable
to more complex surgeries.59 In this sense, surgeons should
first acquire experience through simple laparoscopic
resections of benign lesions and then progressively inte-
grate more complex procedures into their practices, in -
cluding those involving cancer.

One prospective61 and 3 retrospective49–51 trials evalu-
ated the impact of surgeon experience on oncologic out-
comes following rectal cancer resection. Three of them
showed that operative duration decreased significantly
with the number of interventions performed.49–51 Park and
colleagues51 observed a plateau after 90 interventions fol-
lowed by a decrease in operative duration, whereas Ito and
colleagues50 reported that operative duration de creased
from 228 to 179 minutes after more than 40 inter ventions
had been performed. All 4 trials also showed a significant
decrease in postoperative morbidity as the surgeon gained
more experience (after 30–60 interventions had been per-
formed, depending on the trial). Since inclusion criteria
for patients and for surgeons were not the same for all
 trials, a general conclusion regarding the minimum num-
ber of cases to be performed to gain sufficient experience
cannot be drawn. Nonetheless, the available evidence un -
doubtedly shows that surgeon experience and competence
in laparoscopy for rectal cancer have a major impact on
outcome.

CONCLUSION

Analysis of the scientific literature confirmed that for the
curative treatment of colon and rectal cancer, laparoscopy is
not inferior to open surgery with respect to overall survival,
disease-free survival and rate of recurrence. In addition,
laparoscopic surgery provides short-term advantages over
open surgery, particularly a shorter hospital stay, reduced
need for analgesics, faster recovery of intestinal function, and
an earlier return to activities of daily life. In contrast, laparo-
scopic surgery requires a longer operative time.

Considering the evidence currently available, the
CEPO recommends that laparoscopic resection be con-
sidered an option for the curative treatment of colon and
rectal cancer (grade A recommendation); that decisions
regarding surgical approach (laparoscopic or open
surgery) for the curative treatment of colon cancer take
into consideration the surgeon’s experience, tumour stage,
potential contraindications and patient expectations (grade
D recommendation); and that laparoscopic resection for
rectal cancer be performed only by appropriately trained

surgeons who perform a sufficient volume annually to
maintain competence (grade D recommendation).

Acknowledgements: The CEPO thanks Dr. Paul Belliveau, surgeon
at Hotel-Dieu Hospital, Kingston, Ont.; Dr. Michèle Brie, surgeon at
Centre hospitalier régional de Baie‐Comeau, Baie-Comeau, Que.;
Dr. Émilie M. Comeau, surgeon at Centre hospitalier universitaire de
Sherbrooke, Sherbrooke, Que.; Dr. Jean Couture, surgeon at
Hôtel‐Dieu de Lévis, Lévis, Que.; Dr. Roger C. Grégoire, surgeon at
CHUQ, Hôpital Saint‐François d’Assise, Québec, Que.; Dr. Ari
Meguerditchian, surgeon at MUHC, Royal Victoria Hospital, Mon-
tréal, Que.; Dr. Marc Pocard, surgeon at Hôpital Lariboisière, Paris;
and Dr. Éric Poulin, surgeon at Ottawa Hospital, Ottawa, Ont., for their
contribution as external reviewers of the clinical practice guidelines
 Résection du cancer du côlon: comparaison de la chirurgie par laparoscopie à la
chirurgie ouverte,” and “Résection du cancer du rectum: comparaison de la chi-
rurgie par laparoscopie à la chirurgie ouverte, from which this article was
adapted.

The CEPO comprises Dr. Félix Couture, Hôtel‐Dieu de Québec
(CHUQ); Dr. Isabelle Roy, Hôpital Notre‐Dame (CHUM); Mélanie
Kavanagh, Direction québécoise du cancer (MSSS); Gino Boily,
INESSS; Alain Bureau, Hôpital Sainte‐Croix (CSSS Drummond); Jim
Boulanger, INESSS; Dr. Ghislain Cournoyer, Hôpital régional de
Saint‐Jérôme (CSSS de Saint‐Jérôme); Nicole Déry, INESSS; Suzanne
Frenette, Hôpital Maisonneuve-Rosemont; Dr. Normand Gervais, Cen-
tre hospitalier régional du Grand-Portage (CSSS de Rivière-du-Loup);
Stéphanie Goulet, Direction québécoise du cancer (MSSS); Marie-Pas-
cale Guay, Jewish General Hospital; Jean-Marie Lance, INESSS;
Dr. Julie Lemieux, Hôpital Saint-Sacrement (CHAUQ); Dr. Bernard
Lespérance, Hôpital du Sacré-Cœur de Montréal, Groupe d’étude en
oncologie du Québec; Sylvain L’Espérance, INESSS; Nathalie Letarte,
Hôpital Saint-Luc (CHUM), Programme de gestion thérapeutique des
médicaments; Mélanie Morneau, Direction québécoise du cancer
(MSSS); Dr. Jean-François Ouellet, Hôtel-Dieu de Québec (CHUQ);
Dr. Gilles Pineau, INESSS; Mireille Poirier, Hôtel-Dieu de Québec
(CHUQ); Éric Potvin, INESSS; Dr. Raghu Rajan, Montreal General
Hospital (MUHC); Dr. Benoît Samson, Hôpital Charles Lemoyne;
Dr. Lucas Sideris, Hôpital Maisonneuve-Rosemont; Lucie Surprenant,
St. Mary’s Hospital; Dr. François Vincent, Pavillon Sainte-Marie (CSSS
de Trois-Rivières).

The CEPO is a group of specialists in oncology that reports to the
Cancer Control Department of Quebec’s Ministry of Health and Social
Services. The Quebec Cancer Control Department provided financial
support for the work reported in this article, which is an adaptation of
CEPO’s original clinical practice guidelines, freely available in their
French version at www.msss.gouv.qc.ca/cancer.

Competing interests: None declared.

Contributors: M. Morneau, J. Boulanger and N. Gervais designed the
study and acquired the data, which all authors analyzed. M. Morneau,
J. Boulanger, P. Charlebois and N. Gervais wrote the article, which all
authors reviewed and approved for publication.

References

1. Canadian Cancer Society’s Advisory Committee on Cancer Statistics.
Canadian Cancer Statistics 2013. Toronto (ON): Canadian Cancer
Society; 2013.

2. Wilkinson N, Scott-Conner CE. Surgical therapy for colorectal
aden ocarcinoma. Gastroenterol Clin North Am 2008;37:253-67.

3. Berardi R, Maccaroni E, Onofri A, et al. Multidisciplinary treatment
of locally advanced rectal cancer: a literature review. Part 1. Expert
Opin Pharmacother 2009;10:2245-58.

4. Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal cancer
surgery — The clue to pelvic recurrence? Br J Surg 1982;69:613-6.



                                                                                                                                                         Can J Surg, Vol. 56, No. 5, October 2013        309

RESEARCH

5. Martel G, Boushey RP. Laparoscopic colon surgery: past, present and
future. Surg Clin North Am 2006;86:867-97.

6. Koopmann MC, Heise CP. Laparoscopic and minimally invasive
resection of malignant colorectal disease. Surg Clin North Am 2008;
88: 1047-72.

7. Jacobs M, Verdeja JC, Goldstein HS. Minimally invasive colon resec-
tion (laparoscopic colectomy). Surg Laparosc Endosc 1991;1:144-50.

8. Nduka CC, Monson JR, Menzies-Gow N, et al. Abdominal wall
metastases following laparoscopy. Br J Surg 1994;81:648-52.

9. Berends FJ, Kazemier G, Bonjer HJ, et al. Subcutaneous metastases
after laparoscopic colectomy. Lancet 1994;344:58.

10. Buunen M, Veldkamp R, Hop WC, et al. Survival after laparoscopic
surgery versus open surgery for colon cancer: long-term outcome of
a randomised clinical trial. Lancet Oncol 2009;10:44-52.

11. Jayne DG, Guillou PJ, Thorpe H, et al. Randomized trial of laparo-
scopic assisted resection of colorectal carcinoma: 3-year results of the
UK MRC CLASICC Trial Group. J Clin Oncol 2007;25:3061-68.

12. Moloo H, Haggar F, Martel G, et al. The adoption of laparoscopic
colorectal surgery: a national survey of general surgeons. Can J Surg
2009;52:455-62.

13. Cook DJ, Guyatt GH, Laupacis A, et al. Rules of evidence and clin -
ical recommendations on the use of antithrombotic agents. Chest
1992;102(Suppl):305S-11S.

14. Veldkamp R, Kuhry E, Hop WC, et al. Laparoscopic surgery versus
open surgery for colon cancer: short-term outcomes of a randomised
trial. Lancet Oncol 2005;6:477-84.

15. Janson M, Lindholm E, Anderberg B, et al. Randomized trial of
health-related quality of life after open and laparoscopic surgery for
colon cancer. Surg Endosc 2007;21:747-53.

16. Clinical Outcomes of Surgical Therapy Study Group. A comparison
of laparoscopically assisted and open colectomy for colon cancer. 
N Engl J Med 2004;350:2050-9.

17. Fleshman J, Sargent DJ, Green E, et al. Laparoscopic colectomy for
cancer is not inferior to open surgery based on 5-year data from the
COST Study Group trial. Ann Surg 2007;246:655-62.

18. Weeks JC, Nelson H, Gelber S, et al. Short-term quality-of-life out-
comes following laparoscopic-assisted colectomy vs open colectomy
for colon cancer: a randomized trial. JAMA 2002;287:321-8.

19. Stucky CC, Pockaj BA, Novotny PJ, et al. Long-term follow-up and
individual item analysis of quality of life assessments related to
laparoscopic-assisted colectomy in the COST trial 93-46-53 (INT
0146). Ann Surg Oncol 2011;18:2422-31.

20. Jayne DG, Thorpe HC, Copeland J, et al. Five-year follow-up of the
Medical Research Council CLASICC trial of laparoscopically assisted
versus open surgery for colorectal cancer. Br J Surg 2010;97: 1638-45.

21. Guillou PJ, Quirke P, Thorpe H, et al. Short-term endpoints of con-
ventional versus laparoscopic-assisted surgery in patients with colo -
rectal cancer (MRC CLASICC trial): multicentre, randomised con-
trolled trial. Lancet 2005;365:1718-26.

22. Lacy AM, Delgado S, Castells A, et al. The long-term results of a ran-
domized clinical trial of laparoscopy-assisted versus open surgery for
colon cancer. Ann Surg 2008;248:1-7.

23. Lacy AM, Garcia-Valdecasas JC, Delgado S, et al. Laparoscopy-
assisted colectomy versus open colectomy for treatment of non-
metastatic colon cancer: a randomised trial. Lancet 2002;359:2224-9.

24. Liang JT, Huang KC, Lai HS, et al. Oncologic results of laparoscopic
versus conventional open surgery for stage II or III left-sided colon
cancers: a randomized controlled trial. Ann Surg Oncol 2007;14:109-17.

25. Vlug MS, Wind J, Hollmann MW, et al. Laparoscopy in combination
with fast track multimodal management is the best perioperative
strategy in patients undergoing colonic surgery: a randomized clinical
trial (LAFA-study). Ann Surg 2011;254:868-75.

26. Neudecker J, Klein F, Bittner R, et al. Short-term outcomes from a
prospective randomized trial comparing laparoscopic and open
surgery for colorectal cancer. Br J Surg 2009;96:1458-67.

27. Hewett PJ, Allardyce RA, Bagshaw PF, et al. Short-term outcomes of
the Australasian randomized clinical study comparing laparoscopic
and conventional open surgical treatments for colon cancer: the
ALCCaS trial. Ann Surg 2008;248:728-38.

28. Wu Z, Zhang S, Aung LH, et al. Lymph node harvested in laparo-
scopic versus open colorectal cancer approaches: a meta-analysis.
Surg Laparosc Endosc Percutan Tech 2012;22:5-11.

29. Ma Y, Yang Z, Qin H, et al. A meta-analysis of laparoscopy compared
with open colorectal resection for colorectal cancer. Med Oncol 2011;
28: 925-33.

30. Bai HL, Chen B, Zhou Y, et al. Five-year long-term outcomes of
laparoscopic surgery for colon cancer. World J Gastroenterol 2010;
16:4992-7.

31. Kuhry E, Schwenk W, Gaupset R, et al. Long-term outcome of laparo-
scopic surgery for colorectal cancer: a cochrane systematic review of
randomised controlled trials. Cancer Treat Rev 2008;34:498-504.

32. Bonjer HJ, Hop WC, Nelson H, et al. Laparoscopically assisted vs
open colectomy for colon cancer: a meta-analysis. Arch Surg 2007;
142: 298-303.

33. Liang X, Hou S, Liu H, et al. Effectiveness and safety of laparoscopic
resection versus open surgery in patients with rectal cancer: a ran-
domized, controlled trial from China. J Laparoendosc Adv Surg Tech A
2011;21:381-5.

34. Kang SB, Park JW, Jeong SY, et al. Open versus laparoscopic surgery
for mid or low rectal cancer after neoadjuvant chemoradiotherapy
(COREAN trial): short-term outcomes of an open-label randomised
controlled trial. Lancet Oncol 2010;11:637-45.

35. Jayne DG, Brown JM, Thorpe H, et al. Bladder and sexual function
following resection for rectal cancer in a randomized clinical trial of
laparoscopic versus open technique. Br J Surg 2005;92:1124-32.

36. Lujan J, Valero G, Hernandez Q, et al. Randomized clinical trial
comparing laparoscopic and open surgery in patients with rectal can-
cer. Br J Surg 2009;96:982-9.

37. Ng SS, Leung KL, Lee JF, et al. Long-term morbidity and oncologic
outcomes of laparoscopic-assisted anterior resection for upper rectal
cancer: ten-year results of a prospective, randomized trial. Dis Colon
Rectum 2009;52:558-66.

38. Leung KL, Kwok SP, Lam SC, et al. Laparoscopic resection of rectosig-
moid carcinoma: prospective randomised trial. Lancet 2004;363: 1187-92.

39. Ng SS, Leung KL, Lee JF, et al. Laparoscopic-assisted versus open
abdominoperineal resection for low rectal cancer: a prospective ran-
domized trial. Ann Surg Oncol 2008;15:2418-25.

40. Pechlivanides G, Gouvas N, Tsiaoussis J, et al. Lymph node clearance
after total mesorectal excision for rectal cancer: laparoscopic versus
open approach. Dig Dis 2007;25:94-9.

41. Braga M, Frasson M, Vignali A, et al. Laparoscopic resection in rectal



310        J can chir, Vol. 56, No 5, octobre 2013

RECHERCHE

cancer patients: outcome and cost-benefit analysis. Dis Colon Rectum
2007;50:464-71.

42. Zhou ZG, Hu M, Li Y, et al. Laparoscopic versus open total mesorec-
tal excision with anal sphincter preservation for low rectal cancer.
Surg Endosc 2004;18:1211-5.

43. Huang MJ, Liang JL, Wang H, et al. Laparoscopic-assisted versus
open surgery for rectal cancer: a meta-analysis of randomized con-
trolled trials on oncologic adequacy of resection and long-term onco-
logic outcomes. Int J Colorectal Dis 2011;26:415-21.

44. Ohtani H, Tamamori Y, Azuma T, et al. A meta-analysis of the short-
and long-term results of randomized controlled trials that compared
laparoscopy-assisted and conventional open surgery for rectal cancer.
J Gastrointest Surg 2011;15(8):1375-85.

45. Anderson C, Uman G, Pigazzi A. Oncologic outcomes of laparoscopic
surgery for rectal cancer: a systematic review and meta-analysis of the
literature. Eur J Surg Oncol 2008;34:1135-42.

46. Aziz O, Constantinides V, Tekkis PP, et al. Laparoscopic versus open
surgery for rectal cancer: a meta-analysis. Ann Surg Oncol 2006;13:
413-24.

47. Gao F, Cao YF, Chen LS. Meta-analysis of short-term outcomes after
laparoscopic resection for rectal cancer. Int J Colorectal Dis 2006;
21: 652-6.

48. Piaggio G, Elbourne DR, Altman DG, et al. Reporting of noninferior-
ity and equivalence randomized trials: an extension of the CONSORT
statement. JAMA 2006;295:1152-60.

49. Balik E, Asoglu O, Saglam S, et al. Effects of surgical laparoscopic
experience on the short-term postoperative outcome of rectal cancer:
results of a high volume single center institution. Surg Laparosc Endosc
Percutan Tech 2010;20:93-9.

50. Ito M, Sugito M, Kobayashi A, et al. Influence of learning curve on
short-term results after laparoscopic resection for rectal cancer. Surg
Endosc 2009;23:403-8.

51. Park IJ, Choi GS, Lim KH, et al. Multidimensional analysis of the
learning curve for laparoscopic resection in rectal cancer. J Gastrointest
Surg 2009;13:275-81.

52. Thorpe H, Jayne DG, Guillou PJ, et al. Patient factors influencing
conversion from laparoscopically assisted to open surgery for colo -
rectal cancer. Br J Surg 2008;95:199-205.

53. National Institute for Health and Clinical Excellence. Colorectal
cancer — laparoscopic surgery (review): guidance. 2006 Aug. 23.
Available: http://guidance.nice.org.uk/TA105/Guidance/pdf/English.
(accessed 2009 Oct. 1).

54. Smith A, Rumble RB, Langer B, et al. Laparoscopic Colon Cancer
Surgery Expert Panel and Program in Evidence-based Care.  Toronto:
CCO Evidence-based series; 2005. Available:  www .cancercare .on .ca
/common /pages /UserFile .aspx?fileId=13988 (ac ces sed 2009 Oct. 1). 

55. Society of American Gastrointestinal and Endoscopic Surgeons. Guide-
lines for laparoscopic resection of curable colon and rectal cancer. 2009.
Available:  www .sages .org /publications /guidelines /guidelines -for 
-laparoscopic-resection-of-curable-colon-and-rectal-cancer/ (acces -
sed 2009 Oct. 1).

56. National Comprehensive Cancer Network. Colon Cancer. V.3.2009.
Available: www.nccn.org/professionals/physician_gls/PDF /colon.pdf
(accessed 2009 Oct. 1).

57. Choi DH, Jeong WK, Lim SW, et al. Learning curves for laparo-
scopic sigmoidectomy used to manage curable sigmoid colon can-
cer: single-institute, three-surgeon experience. Surg Endosc 2009;
23:622-8.

58. Dincler S, Koller MT, Steurer J, et al. Multidimensional analysis of
learning curves in laparoscopic sigmoid resection: eight-year results.
Dis Colon Rectum 2003;46:1371-8, discussion 1378-9.

59. Schlachta CM, Mamazza J, Seshadri PA, et al. Defining a learning
curve for laparoscopic colorectal resections. Dis Colon Rectum 2001;44:
217-22.

60. Tekkis PP, Senagore AJ, Delaney CP, et al. Evaluation of the learning
curve in laparoscopic colorectal surgery: comparison of right-sided
and left-sided resections. Ann Surg 2005;242:83-91.

61. Bege T, Lelong B, Esterni B, et al. The learning curve for the laparo-
scopic approach to conservative mesorectal excision for rectal cancer:
lessons drawn from a single institution’s experience. Ann Surg 2010;
51:249-53.

Online manuscript
submission and peer review

AVAILABLE at

http://mc.manuscriptcentral.com/cjs


