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Introduction

While laparoscopy for colon cancer, first reported in the 
early 1990’s, demonstrated improved length of stay, less 
pain, reduced ileus and fewer surgical site infections, its 
adoption was slower than other laparoscopic procedures 
such as appendectomy or cholecystectomy due to concerns 
regarding oncologic adequacy and outcomes (1). In the 
early era of laparoscopy, there were concerns regarding 
surgical margins,  lymph node harvest,  and tumor 
recurrence, including port site recurrences. While there 
have been many small, single center studies looking at the 
outcomes of laparoscopic surgery, there are only a few 
large, multicenter, randomized trials examining oncologic 
outcomes; COST COLOR, CLASICC, and the ALCCaS 
(2-10) (Table 1). This review focuses on the major oncologic 
findings of these trials. We will also review the single center 
randomized Barcelona trial and a large meta-analysis. 
With regards to conversion, the trials all analyzed patient 
outcomes on an intent to treat basis. The majority of these 
trials were powered at 80%.

Methods

The above stated trials were reviewed and their findings 
summarized. 

Discussion

Comparison of Laparoscopic Assisted and Open Colectomy 
for Colon cancer, the Clinical Outcomes of Surgical 
Therapy Study Group (COST) Trial (1,2)

The COST trial published in 2004 was a non-inferiority 
trial conducted at 48 institutions in the United States that 
randomized 872 patients with colon adenocarcinoma to 
either open (n=428) or laparoscopic assisted colectomy 
(n=435). All resections were performed by credentialed 
surgeons who performed at least 20 prior laparoscopic 
assisted colorectal operations. In this trial, laparoscopic 
assisted resections included laparoscopic mobilization 
and ligation of the vascular pedicle. The authors allowed 
for a small incision for bowel exteriorization, resection 
and anastomosis. Conversion was not clearly defined in  
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this trial. 
Median follow-up in the study was 4.4 years and 

the primary end point of the study was time to tumor 
recurrence. There were no differences in tumor location 
between the two groups; left, right or sigmoid colon. Rectal 
and transverse colon cancers were excluded from this trial. 
An intent to treat analysis was performed.

Oncologic and pathologic outcomes
In terms of specimen adequacy, resection margins in the 
open colectomy group had a median proximal margin of  
12 cm (range, 3–50 cm) and the laparoscopic assisted group 
had a median margin of 13 cm (range, 2–7 cm), P=0.38. 
Regarding the distal margin, the open group had a median 
margin of 11 cm (range, 1–42 cm) and the laparoscopic 
group had a median distal margin of 10 cm (range,  
2–40 cm), P=0.09. There was no difference in the 
percentage of resection margins less than 5 cm with 6% 
of the open colectomy patients having a close margin 
compared with 5% of the laparoscopic surgery patients 
(P=0.52). The median number of lymph nodes harvested in 
each group was 12. 

After a median follow-up of 4.4 years there were  
84 recurrences observed in the open colectomy group 
and 76 in the laparoscopic assisted group. There was 
no significant difference in time to recurrence in the 
laparoscopic compared to the open group with a hazard 
ratio of 0.86 (95% CI: 0.63–1.17, P=0.32). Overall survival 
rate of the two groups was similar, with a hazard ratio for 
death in the laparoscopic group of 0.91 (95% CI: 0.68–1.21, 
P=0.51). At follow up, 186 patients had died including 95 in 
the open group and 91 in the laparoscopic group (P=0.51). 

The disease-free survival rate was similar in both groups 
with 117 recurrences in the open group and 118 observed 
in the laparoscopic group (95% CI: 0.74–1.23, P=0.70). 
The authors concluded “the absence of a difference in time 

to recurrence, disease-free survival and overall survival 
persisted in multivariate analysis adjusted for stratification 
factors”.

Subsequently, in 2007, Fleshman et al. reported the 
5-year follow-up results with a median follow-up of 7 years 
with a range 5 to 10 years (2). Disease-free survival was not 
statistically different (open group 68.4% and laparoscopic 
group 69.2%, P=0.94). The overall 5-year survival was 
similar for both surgical approaches (open group 74.6% 
and laparoscopic group 76.4%, P=0.93). Recurrence rates 
were similar at 5 years (open group 21.8% and laparoscopic 
group 19.4%, P=0.25). Port site recurrences, a concern 
since the beginning of laparoscopic colectomy, occurred in 
2 patients in the laparoscopic assisted group (0.5%) and in  
1 patient in the open group (0.2%), P=0.50. 

Colon cancer Laparoscopic or Open resection (COLOR) 
trial (3,4)

Published in 2005, the COLOR trial was designed to 
compare 3-year disease-free survival and overall survival 
after open and laparoscopic resection for colon cancer. 
From 1997 and 2003, patients from 29 European hospitals 
with right or left colon cancer with BMI up to 30 were 
randomized to open or laparoscopic resection. The exact 
definition of laparoscopic surgery was not detailed. All 
surgical teams were credentialed and had performed at least 
20 prior laparoscopic assisted colectomies. The primary 
outcome was disease-free survival at 3 years. Conversion was 
defined as inability to complete all “intended laparoscopic 
steps laparoscopically” and patients were analyzed according 
to intent to treat.

The trial included 542 patients in the open group and 
535 patients in the laparoscopic group and had a median 
follow up of 53 months. No significant differences were 
observed between the groups with regards to age, sex, BMI, 

Table 1 Comparison of randomized trials

Trial
Single or 
multicenter

Patients 
analyzed

Disease-free survival 
laparoscopic, %

Disease-free 
survival open, %

Mean lymph node Lap, 
[range] or ± SD

Mean lymph node open, 
[range] or ± SD

COST (1,2)* Multicenter 863 84 82 12 12

COLOR (3,4)* Multicenter 1,082 74.2 76.2 10 [3–20] 10 [3–20]

CLASICC (5-7)* Multicenter 794 66.3 67.74 12 [8–17] 13.5 [8–19]

ALCCaS (8,9)& Multicenter 592 72.3 71.1 13 [1–74] 13 [1–51]

Barcelona (10)& Single 206 83 73 11.1±7.9 11.1±7.4

*, 3-year follow up; &, 5-year follow up. 
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ASA, prior abdominal operations or cancer location (right 
vs. left vs. sigmoid). 

Oncologic and pathologic outcomes
In terms of specimen adequacy, a positive resection margin 
was found in 20 of 1,059 patients (10 in each group, 
P=0.96). There were 9 positive circumferential resection 
margins and 1 positive distal longitudinal margin in the 
laparoscopic assisted group. In the open resection group, 
there were 8 circumferential margins that were positive, 
1 positive proximal margin, and 1 positive distal margin. 
Median lymph node harvest was 10 (10th through 90th 
percentile reported as 3–20) in both groups (P=0.32). 

The primary outcome of the study showed that for 
all cancer stages, 3-year disease-free survival was 74.2% 
(95% CI: 70.4–78%) in the laparoscopic group and 76.2% 
(95% CI: 72.6–79.8%) in the open group (P=0.70). The 
difference in 3-year disease free survival was 2.0% and was 
not significant (95% CI: −3.2 to 7). The overall 3-year 
survival for all stages in the laparoscopic group was 81.8% 
(95% CI: 78.4–85.1%) and 84.2% (95% CI: 81.1–87.3%) 
in the open surgery group (P=0.45). Comparative survival 
rates were seen in stage specific analysis, as well. The 
laparoscopic group had 26, 56, and 23 local, distant, and 
combined recurrences, respectively, compared with 26, 56, 
and 12 in the open group (P=0.24).

Interestingly, at 3 years 1.3% of patients (7/534) in the 
laparoscopic assisted group and 0.4% of patients (2/542) in 
the open surgery group had recurrence in the abdominal 
wall (P=0.09). Five of the 7 in the laparoscopic group 
were at trocar sites and 2 were at extraction sites. This 
laparoscopic abdominal wound recurrence rate was the 
highest among the studies included in this review. 

Deijen et al. performed a 10-year review of the 329 
Dutch patients originally included in the trial and reported 
for disease-free survival, overall survival or recurrence there 
were no significant differences observed (11). The disease-
free survival rates were 45.2% in the laparoscopic group and 
43.2% in the open group (P=0.96).

Conventional vs. Laparoscopic-Assisted Surgery in Patients 
with Colorectal Cancer (CLASICC) Trial (5-7)

The CLASICC tria l ,  publ ished in 2005,  accrued  
794 patients with colon and rectal cancer from 27 United 
Kingdom centers between 1996 and 2002 who were 
randomized to laparoscopic assisted (n=526) or open (n=268) 
surgery. Laparoscopic surgery was defined as laparoscopic 

mobilization of bowel and vascular ligation; a small incision 
was allowed for removal of the resected specimen. A total 
of 413 patients had colon cancer. Primary endpoints of the 
study were resection margins and in-hospital mortality. 
This trial differed from the others in that it included rectal 
cancer resections and used a centralized pathologic review 
process that reviewed 93% of the specimens. There were 
no differences in baseline characteristics such as BMI, sex, 
tumor stage or tumor location. Thirty-four patients died in 
the hospital after surgery, 13 (5%) in the open group and 
21 (4%) in the laparoscopic group (P=0.57). Conversion 
was defined as a “vertical abdominal incision greater in size 
than that needed for specimen retrieval” and intent to treat 
analysis was performed. 

Oncologic and pathologic outcomes
Median lymph node harvest was 13.5 (range, 8–19) in the 
open surgery group and 12 (range, 8–17) in the laparoscopic 
assisted group, but the nodal harvest numbers were not 
subdivided into colon or rectum groups.

In cases of colon cancer, positive circumferential 
resection margins were identified in 5% (6/131) of the 
open group and in 7% (16/246) of the laparoscopic group 
(P=0.45). There were no longitudinal resection margins 
that were positive in the open surgery group and only 
one was reported in the laparoscopic group (this was in a 
patient who underwent conversion). The median distance 
between tumor and resection margin on the mesentery 
in the open group was 9 cm (IQR 7–11 cm) and was 8 cm  
(IQR 6.5–10 cm) in the laparoscopic group. 

Jayne et al. published a 3-year follow up to the CLASICC 
trial and found no significant differences in major oncologic 
outcomes (6). Overall survival rates differed by 1.8% (95% 
CI: −5.2% to 8.8%, P=0.55). The authors also reported 
no significant difference in disease-free-survival with a 
difference of only 1.4% (95% CI: −9.5% to 6.7%), P=0.70. 
At 3 years, the local recurrence rates differed by 0.8% (95% 
CI: −5.7% to 4.2%), P=0.76.

Green et al. reported 10 year follow up data with an 
overall median survival for patients with colon cancer of 
85.1 months (open group 105.7 months vs. laparoscopic 
groups 81.9 (P=0.35) (7). Interestingly, overall survival in 
patients who underwent conversion to open surgery was 
significantly worse than patients completed in open fashion 
or laparoscopically. The median survival of the converted 
group was 59.2 months compared to 78.4 months in the 
open surgery group and 94.8 months in patients who had a 
laparoscopic assisted resection (P=0.001). Median disease-
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free survival for patients with colon cancer was 94.8 months 
with no significant difference between open (106 months) 
and laparoscopic (86.6 months), P=0.438. No significant 
differences were noted in terms of local or distant 
recurrences comparing the two groups.

Australasian Randomized Clinical Study Comparing 
Laparoscopic and Conventional Open Surgical Treatments 
for Colon Cancer (ALCCaS) Trial (8,9)

In this study, 601 colon cancer patients were accrued from 
31 Australian and New Zealand hospitals between 1998 and 
2005. Patients were randomized to laparoscopic-assisted 
(n=294) or open (n=298) surgery. Laparoscopic surgery was 
defined as laparoscopic mobilization and division of the 
vascular pedicle. A small abdominal incision was allowed 
for specimen extraction. The primary aim of the study was 
to determine 3 and 5-year disease-free survival. Baseline 
characteristics between the two groups were similar with 
the exception that the laparoscopic group was older (mean 
age 71.7 vs. 69.4 years old, P=0.04). Conversion was defined 
as in incision longer or different than the planned incision. 
The authors subsequently published a 5-year follow up with 
primary end points of 5-year overall survival, recurrence-
free survival, and freedom from recurrence rates using an 
intent to treat analysis (9). A total of 587 patients were 
followed for a median of 5.2 years with a confirmed follow 
up for 96.6% (n=567) patients at 5 years.

Oncologic and pathologic outcomes
The median lymph node harvest in both groups was  
13 nodes (P=0.15). The distal resection margin was >5 cm 
in 77.6% of the laparoscopic group. This was more than the 
86.6% reported in the open group (P=0.004). In the 5-year 
follow-up analysis, there were no significant differences 
seen between the laparoscopic resection and open colon 
resection in terms of overall survival (77.7% vs. 76.0%, 
respectively, P=0.64). There was also no difference in 
terms of recurrence free survival between the laparoscopic 
and open groups (72.7% vs. 71.2, respectively, P=0.70) or 
freedom from recurrence (86.2% vs. 85.6, respectively, 
P=0.85).

Laparoscopic-assisted colectomy vs. open colectomy for 
treatment of non-metastatic colon cancer: a randomized 
trial (Barcelona Trial) (10)

Published in 2002 by Lacy et al., this study randomized 

105 patients to laparoscopic-assisted colectomy and  
101 patients to open colectomy between 1993 and 
1998. The primary endpoint of the study was cancer-
related survival. Laparoscopic assisted surgery was not 
clearly defined in the paper and neither was conversion. 
The baseline characteristics of age, tumor location, and 
procedure performed were similar between the groups. 
Median length of follow up was 44 (range, 27–85) in the 
laparoscopic-assisted group compared with 43 (range,  
27–85) in the open colectomy group. Patients were analyzed 
according to the intent to treat. 

Oncologic and pathologic outcomes
Average lymph node harvest was 11.1 in both groups. The 
primary endpoint and the most significant finding in the 
paper was cancer related mortality, which was significantly 
lower in the laparoscopic assisted group (9%) compared 
to the open surgery group (21%), P=0.03. This difference 
in cancer related survival was due to outcomes of patients 
with stage III cancer. Overall mortality was not significantly 
different between groups (18% in the laparoscopic group 
compared with 26% in the open group, P=0.14). Tumor 
recurrence rate was 17% in the laparoscopic group and 
27% in the open surgery group (P=0.07). There were no 
statistically significant differences in type of recurrence such 
as distant, locoregional, peritoneal or port site metastasis. 
The mean time to recurrence was not significantly different 
between groups either, with 15 months observed in the 
laparoscopic group and 17 months in the open group, 
P=0.66). 

Given the statistically significant cancer related 
survival benefit demonstrated in this trial related to 
laparoscopic colectomy, the study was criticized for not 
being generalizable, as it was a single-center study with 
highly experienced, expert laparoscopists and also included 
a relatively small number of patients (12). The trial also 
did not clearly define laparoscopy and had no definition of 
conversion.

Transatlantic laparoscopic assisted vs. open colectomy study 
group meta-analysis (12)

The pooled data of the Barcelona, COST, CLASICC, 
and COLOR trials were used in a large meta-analysis 
to determine whether laparoscopic colectomy was 
oncologically adequate. The meta-analysis focused on 
overall survival and disease-free survival 3 years after 
randomization and included 796 laparoscopic patients and 
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740 open surgery patients. 

Oncologic and pathologic outcomes
The mean number of lymph nodes in laparoscopic 
resections was 11.8 and was 12.2 in the open group (P=0.40). 
Positive resection margins were found in 2.1% of the open 
group and 1.3% of the laparoscopic group (P=0.23). The 
3-year disease-free survival was not significantly different 
between the 2 operative approaches (open group 75.3%, 
laparoscopic group 75.8%, P=0.83). Overall survival was 
also similar (open group 83.5%, laparoscopic group 82.2%, 
P=0.56). There were no significant differences noted 
comparing individual stages, either; 121 recurrences were 
noted in the in the open group compared with 113 in the 
laparoscopic group (P=0.43) and the types of recurrences 
(local, distant, or combined) were similar, as well.

Conclusions

Laparoscopic surgery for colon cancer is oncologically 
equivalent to open surgery in terms of long-term overall 
survival, disease specific survival and pathologic findings 
such as nodal harvest and margin negativity. 
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