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Laparoscopically Assisted vs Open Colectomy
for Colon Cancer

A Meta-analysis

Transatlantic Laparoscopically Assisted vs Open Colectomy Trials Study Group*

Objective: To perform a meta-analysis of trials ran-
domizing patients with colon cancer to laparoscopically
assisted or open colectomy to enhance the power in de-
termining whether laparoscopic colectomy for cancer is
oncologically safe.

Data Sources: The databases of the Barcelona, Clini-
cal Outcomes of Surgical Therapy (COST), Colon Can-
cer Laparoscopic or Open Resection (COLOR), and Con-
ventional vs Laparoscopic-Assisted Surgery in Patients
With Colorectal Cancer (CLASICC) trials were the data
sources for the study.

Study Selection: Patients who had at least 3 years of
complete follow-up data were selected.

Data Extraction: Patients who had undergone cura-
tive surgery before March 1, 2000, were studied. Three-
year disease-free survival and overall survival were the
primary outcomes of this analysis.

Data Synthesis: Of 1765 patients, 229 were excluded,
leaving 796 patients in the laparoscopically assisted arm
and 740 patients in the open arm for analysis. Three-
year disease-free survival rates in the laparoscopically as-
sisted and open arms were 75.8% and 75.3%, respec-
tively (95% confidence interval [CI] of the difference, −5%
to 4%). The associated common hazard ratio (laparo-
scopically assisted vs open surgery with adjustment for
sex, age, and stage) was 0.99 (95% CI, 0.80-1.22; P=.92).
The 3-year overall survival rate after laparoscopic sur-
gery was 82.2% and after open surgery was 83.5% (95%
CI of the difference, −3% to 5%). The associated hazard
ratio was 1.07 (95% CI, 0.83-1.37; P=.61). Disease-free
and overall survival rates for stages I, II, and III evalu-
ated separately did not differ between the 2 treatments.

Conclusion: Laparoscopically assisted colectomy for can-
cer is oncologically safe.
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A S U C C E S S F U L L A P A R O -
scopic sigmoidectomy for
cancer was reported in
1991 by Jacobs et al.1 Re-
ports of port-site metasta-

ses observed after laparoscopic removal of
colon cancer and other malignant neo-
plasms caused serious concern among sur-
geons and halted the rapid adoption of mini-
mally invasive surgery for colon cancer.2,3

Trials randomizing patients with colon can-
cer to laparoscopically assisted surgery or
open resection were initiated simulta-
neously in Europe and in North America to
evaluate the oncological safety of laparo-
scopic colectomy. The survival data from the
Barcelona trial4 and from the Clinical Out-
comes of Surgical Therapy (COST) study5

were published in 2002 and 2004, respec-
tively. Because of low numbers of patients,
the confidence intervals (CIs) of these trials
were too wide to rule out clinically rel-
evant survival differences between laparo-
scopic and open colectomy for cancer.6 The
long-term survival data of the Colon Can-

cer Laparoscopic or Open Resection
(COLOR)7 and Conventional vs Laparo-
scopic-Assisted Surgery in Patients WithCo-
lorectal Cancer (CLASICC)8 trials are not
yet available.

We aimed to enhance the power in de-
termining whether laparoscopic colec-
tomy for cancer is oncologically safe.
Therefore, a meta-analysis was con-
ducted of the Barcelona, COST, COLOR,
and CLASICC trials.

METHODS

IDENTIFICATION OF TRIALS

Randomized clinical trials comparing laparo-
scopic and open surgery for colon cancer were
identified by systematic PubMed search and
by random search of abstracts presented at in-
ternational meetings. Only trials with a pri-
mary end point of survival that accrued more
than 150 patients with colon cancer overall
were included. The Barcelona (evaluated by
A.M.L, A.C., and S.D.), COST (H.N. and
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D.J.S.), COLOR (H.J.B., W.C.J.H., E.K., E.H., and L.P.), and
CLASICC (P.J.G., H.T., and J.B.) trials fit these criteria.

TRIAL DESIGNS

All trials had been approved by ethics committees. The trial de-
signs are summarized in Table 1.

The Barcelona trial (November 1993 to July 1998) en-
rolled patients with colon cancer at least 15 cm above the anal
verge.4 Exclusion criteria were past colon surgery, distant me-
tastasis, intestinal obstruction, adjacent organ invasion, and can-
cers located at the transverse colon. Procedures were per-
formed by a single surgical team. In the Barcelona trial, 219
patients were randomized, and 208 patients were included in
survival analyses (exclusions included 11 patients with dis-
tant metastases).

In the COST trial (August 1994 to August 2001), patients
who were pregnant or patients with familial polyposis, inflam-
matory bowel disease, rectal or transverse colon cancer, ad-
vanced local or metastatic disease, concurrent or previous ma-
lignant tumors, and acute bowel obstruction or perforation from
cancer were excluded.5 Forty-eight centers participated in the
COST trial. Patients were randomly assigned to undergo lapa-

roscopically assisted or open colectomy. In total, 872 patients
were randomized and 863 patients were analyzed in the COST
trial (exclusions included 1 patient with prostate cancer, 1 pa-
tient with distant metastasis, and 1 patient without institu-
tional review board approval).

The COLOR trial (March 1997 to March 2003) excluded
patients who were pregnant or patients with distant metasta-
ses, synchronous colon cancer, other malignant neoplasms, pre-
vious ipsilateral colon surgery, acute intestinal obstruction, in-
vasion of adjacent organs, carcinomas located in the transverse
colon or splenic flexure, and body mass index (calculated as
weight in kilograms divided by height in meters squared) greater
than 30.7 Twenty-nine centers from Western Europe partici-
pated in the trial. At the time of closure of entry of patients into
the study, 1248 patients had been randomized to undergo lapa-
roscopic or open colectomy for cancer.

In the CLASICC trial (July 1998 to July 2002), patients with
synchronous adenocarcinomas, acute intestinal obstruction, can-
cer of the transverse colon, malignant neoplasm within the pre-
vious 5 years, or absolute contraindications to pneumoperito-
neum were excluded from participation.8 Patients were allocated
using a 2:1 ratio to the laparoscopically assisted arm; 794 pa-
tients in total were recruited, 413 of whom had colon cancer.

Table 1. Details of Trials According to Consolidated Standards for Reporting of Trials (CONSORT) Criteria

Detail Barcelona Trial4 COST Trial5 COLOR Trial7 CLASICC Trial8

Intervention allocation Randomization 1 d before
surgery, 1:1 ratio

Randomization before surgery,
1:1 ratio

Randomization before
surgery, 1:1 ratio

Randomization before
surgery, 2:1
laparoscopic-open ratio

Eligibility Colon cancer �15 cm from anal
verge, written informed
consent

Colon adenocarcinoma, age
�17 y, absence of prohibitive
abdominal adhesions, written
informed consent

Cancer of left or right colon,
age �17 y, written
informed consent

Cancer of colon or rectum,
written informed consent

Objective Show difference in
cancer-related survival
�15%

Noninferiority trial To exclude a difference of
7.4% or more in 3-y
disease-free survival

Comparison of short-term
end points to predict
long-term outcome

Primary outcomes Cancer-related survival Time to tumor recurrence Cancer-free survival 3 y
after surgery

Positivity rates of
circumferential and
longitudinal resection
margins, in-hospital
mortality

Sample size n = 208, � = .05, � = .20 n = 1735, 1-sided P�.09 in
favor of open colectomy,
would declare open
colectomy superior

n = 1248, 95% Confidence
intervals, 80% power

n = 794, Confidence
intervals of 10% around
differences

Randomization
sequence generation

Site of primary tumor Site of primary tumor, American
Society of Anesthesiologists
score, surgeon

Site of primary tumor Site of primary tumor,
presence of liver
metastases, surgeon,
preoperative radiotherapy

Randomization
allocation
concealment

Sealed opaque envelopes,
computer generated

Central telephone Central telephone Central telephone

Randomization
implementation

Single center (Spain) 48 Centers (United States and
Canada)

29 Centers (Sweden, the
Netherlands, Spain, Italy,
France, United Kingdom,
Germany)

27 Centers (United
Kingdom)

Blinding Not blinded Not blinded Not blinded Not blinded
Statistical methods Log-rank test 1-Sided log-rank test 2-Sided log-rank test Pearson product moment

correlation, �2 test, Fisher
exact test

Recruitment November 1993 to July 1998 August 1994 to August 2001 March 1997 to March 2003 July 1998 to July 2002
No. analyzed n = 219, Intention to treat n = 872, Intention to treat n = 1248, Intention to treat n = 794, Intention to treat

and actual treatment
Outcomes Laparoscopic resection superior

in stage III
Similar rate of recurrent cancer Not published Not published

Abbreviations: CLASICC, Conventional vs Laparoscopic-Assisted Surgery in Patients With Colorectal Cancer; COLOR, Colon Cancer Laparoscopic or Open
Resection; COST, Clinical Outcomes of Surgical Therapy.
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META-ANALYSIS

An analysis of individual pooled data of 4 trials was per-
formed. This meta-analysis was based on individual patient data
focusing on overall and disease-free survival 3 years after ran-
domization. The trial statisticians of the Barcelona, COST,
COLOR, and CLASICC trials (W.C.J.H., D.J.S., A.C., H.T., and
J.B.) operated under strict confidentiality conditions ruling that
data of individual trials were only to be shared among the stat-
isticians of the involved trials. The principal investigators of
the 4 trials (H.J.B., H.N., A.M.L., and P.J.G.) only had access
to the pooled summary data.

Patients with colon cancer who were randomized before March
1, 2000, within the context of the 4 trials and who had under-
gone curative surgery were included. The exclusion criteria in this
meta-analysis were no surgery, absence of data, other carci-
noma, irresectable tumor, presence of benign disease, with-
drawn informed consent, and presence of distant metastases. All
efforts were made to obtain complete data to at least 3 years after
randomization. Disease-free survival and overall survival during
the first 3 years following randomization were evaluated and com-
pared between the 2 types of surgery. Follow-up after 3 years of
randomization was censored. The following data were collected:
age, sex, death, metastatic stage, tumor stage, date of surgery, date
of last follow-up, date of randomization, unique patient identi-
fication number, 30-day postoperative or in-hospital mortality,
involvement of margins of the resected specimens, treatment al-
location (laparoscopically assisted or open), number of resected
lymph nodes and lymph node stage, date and type (local, dis-
tant, or combined) of first tumor recurrence, and type of per-
formed surgical procedure (laparoscopically assisted, conver-
sion from laparoscopy to open, or open surgery). Tumor staging
was based on the TNM staging criteria of the American Joint Com-
mittee on Cancer and International Union Against Cancer.9

Because some patients had open surgery after they had been
randomized to laparoscopic surgery and vice versa, an analy-
sis based on the randomized treatment and another analysis
based on the received treatment were performed. Patients who
underwent conversion to an open procedure remained in their
allocated group for analyses. The numbers of patients ex-
cluded from the meta-analysis with the corresponding rea-
sons for exclusion were provided for each trial to confirm that
the study populations were similar among the 4 trials.

Disease-free survival was defined as time from randomiza-
tion to death or recurrent disease. Disease-free survival and over-
all survival after randomization were assessed using the Kaplan-
Meier method. Univariate comparisons between the 2
randomized procedures were performed using the log rank test.
Multivariate analysis of these outcomes, including an assess-
ment of heterogeneity of treatment effects among the 4 stud-
ies, was performed using a stratified Cox proportional hazards
regression model that stratified by study and adjusted for sex,
age, and stage. A comparison of the number of lymph nodes
harvested during surgery was performed using analysis of vari-
ance. In this analysis, the number of lymph nodes was trans-
formed logarithmically to obtain approximate normal distri-
butions. The proportions of positive resection margins and
postoperative mortality were compared between procedures
using exact conditional logistic regression analysis with strati-
fication by trial and included an assessment of heterogeneity
of treatment effects. All P values were 2-sided, and P�.05 was
considered the limit to denote statistical significance.

RESULTS

The total number of patients randomized before March
1, 2000, was 1765. Of these, 229 (13.0%) were ex-

cluded from this analysis, most for presence of distant
metastases (46.3%) or benign colon disease (41.5%), with
similar patterns in the laparoscopically assisted and open
arms (Figure 1). Data for the remaining 1536 patients
(208, 640, 520, and 168 patients in the Barcelona, COST,
COLOR, and CLASICC trials, respectively) were ana-
lyzed. The laparoscopically assisted arm included 796 pa-
tients, and the open arm included 740 patients.

CHARACTERISTICS

Baseline characteristics were similar in the 2 treatment
groups (Figure 1). The mean age was 69 years in both arms,
and men were as frequently present as women in each treat-
ment group. The stage distribution was similar in both arms.
Stage I disease was present in 27.7%, stage II in 39.8%, and
stage III in 31.3% of patients, while data were missing to
determine the stage in 1.2% of patients.

The mean±SD number of lymph nodes found in the
laparoscopically resected specimens was 11.8±7.4, while
12.2±7.8 lymph nodes were found in the specimens ob-
tained in open colectomy. Analysis of variance showed that
this was not significantly different (P=.40) and that the dif-
ference did not significantly vary among the 4 studies.

Data on resection margins were missing in 43 pa-
tients (who underwent 20 open and 23 laparoscopic col-
ectomies). Positive resection margins were found in 2.1%
of the specimens in the open arm and in 1.3% of the speci-
mens in the laparoscopically assisted arm. This was not
significantly different between the 2 groups (common
odds ratio for open vs laparoscopically assisted surgery
for positivity, 1.8; 95% CI, 0.7-4.5; P=.23).

Conversion of laparoscopic to open surgery oc-
curred in 19.0% of patients. Postoperative mortality was
1.6% in the open arm and 1.4% in the laparoscopically
assisted arm (common odds ratio for open vs laparo-
scopically assisted surgery, 1.3; 95% CI, 0.5-3.4; P=.63).

SURVIVAL

Analysis according to randomized treatment showed that
disease-free survival (P=.83) and overall survival (P=.56)
for all stages combined after laparoscopically assisted or
open resection did not differ (Figure 2). Three-year dis-
ease-free survival in the open and laparoscopically as-
sisted arms was 75.3% and 75.8%, respectively. The 95%
CI of the difference (open minus laparoscopically as-
sisted surgery) ranged from –5% to 4%. The correspond-
ing figures for overall survival were 83.5% and 82.2%,
respectively, with the 95% CI of the difference ranging
from –3% to 5%.

For various reasons, 6 patients had laparoscopic sur-
gery despite randomization to the open arm and 5 pa-
tients had open surgery instead of laparoscopic surgery.
The results of the analysis of disease-free survival and over-
all survival based on the received treatment did not dif-
fer from the results of the analysis based on the random-
ized procedure.

Cox proportional hazards regression model analyses for
disease-free survival and overall survival stratified by trial,
adjusting for sex, age, and tumor stage, revealed no differ-
ences between the treatments (Table2 and Table3). The
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treatment effects did not significantly differ among the trials
for disease-free survival (P=.38) or for overall survival
(P=.35). The hazard ratios for the 4 trials separately and
the pooled common hazard ratios are shown in Figure 3
for disease-free survival and for overall survival.

Tumor recurrence was recorded in 234 patients (who
underwent 121 open and 113 laparoscopic proce-
dures). Of 121 recurrences in the open arm, 40 (33.1%)
were local, 73 (60.3%) were distant metastases, and 8
(6.6%) were combined local and distant metastases; the
corresponding figures in the laparoscopically assisted arm
were 29 (25.7%), 74 (65.5%), and 10 (8.8%), respec-
tively. These patterns did not significantly differ be-
tween the 2 treatment groups (P=.43, �2 test).

Disease-free survival and overall survival according to
randomized treatment group by stage are shown in
Figure 4. Significant differences between the 2 treat-
ments were not found in any stages for disease-free sur-
vival (P=.92, P=.44, and P=.53 for stages I, II, and III,
respectively); the associated hazard ratios (laparoscopi-
cally assisted vs open surgery) were 1.03 (95% CI, 0.58-

1765 Patients Randomized

127 Exclusions

Distant Metastases 56
Benign Disease 50
No Surgery 5
Other Carcinoma 4
Withdrawn Informed Consent 4
No Data Available 3
Tumor Not Resectable 2
Other Reasons 3

796 Analyzed

Mean ± SD Age 68.9 ± 11.7 y
M/F Ratio 403:393 (1.0)
Stage I 237 (29.8%)
Stage II 310 (38.9%)
Stage III 236 (29.6%)
Stage Missing 13 (1.6%)

740 Analyzed

Mean ± SD Age 69.4 ± 11.2 y
M/F Ratio 358:382 (0.9)
Stage I 189 (25.5%)
Stage II 302 (40.8%)
Stage III 244 (33.0%)
Stage Missing 5 (0.7%)

102 Exclusions

Distant Metastases 50
Benign Disease 45
Other Carcinoma 3
Withdrawn Informed Consent 2
No Data Available 1
Tumor Not Resectable 1

923 Assigned to Laparoscopically Assisted Surgery 842 Assigned to Open Surgery

Figure 1. Patient characteristics.
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Figure 2. Disease-free survival (DFS) and overall survival (OS) according to
randomized open surgery or laparoscopically assisted surgery. The numbers
of patients at risk are shown at the bottom: the top row gives the numbers
who underwent laparoscopically assisted surgery; the bottom row, open
surgery.

Table 2. Multivariate Analysis of Disease-Free Survival
According to Various Factors*

Factor
Hazard Ratio

(95% Confidence Interval) P Value

Procedure† 0.99 (0.80-1.22) .92
Stage II vs stage I 2.10 (1.50-2.94) �.001
Stage III vs stage I 3.81 (2.75-5.28) �.001
Female vs male 0.81 (0.66-0.99) .04
Age �70 vs �70 y 1.27 (1.03-1.57) .03

*Cox proportional hazards regression model with stratification by trial.
†Laparoscopically assisted vs open surgery.
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1.85), 1.14 (95% CI, 0.82-1.60), and 0.91 (95% CI, 0.68-
1.22), respectively. Overall survival was similar between
the randomized procedures for all stages as well (P=.78,
P=.09, and P=.52 for stages I, II, and III, respectively);
the associated hazard ratios were 1.10 (95% CI, 0.57-
2.14), 1.40 (95% CI, 0.95-2.07), and 0.89 (95% CI, 0.61-
1.28), respectively.

COMMENT

Colorectal cancer annually affects more than 150 000 Eu-
ropeans, while 100 000 colon resections are performed each
year in the United States.10 Aging of the Western popula-
tion will increase the number of patients with colon can-
cer. Although adjuvant chemotherapy can improve sur-
vival of these patients, resection of the malignant colon
tumor remains the only curative therapy. The surgical tech-
nique to resect colon cancer has undergone significant
changes in the past decades. In the late 1960s, Turnbull et

al11 advocated no-touch techniques using early ligation of
the mesocolic vessels and bowel and atraumatic manipu-
lation of the tumor to avoid spreading tumor cells. The value
of reducing surgical trauma in cancer was shown by
Eggermont et al12 in an experimental study. Tumor recur-
rence rates were found to be proportional to the extent of
laparotomy wounds. The greatest advantage of laparo-
scopic surgery in comparison with open surgery is reduc-
tion of tissue trauma. Access to the peritoneal cavity is es-
tablished through small incisions, manual retraction of
viscera is avoided, and blood loss is minimal because of me-
ticulous dissection facilitated by videoscopic magnifica-
tion. Bouvy et al13 showed in an experimental study that
laparoscopic surgery was associated with less tumor re-
currence than open surgery. After initial enthusiasm about
laparoscopic colectomy for cancer in the early 1990s, re-
ports of port-site metastases after laparoscopic resection of
colon cancer withheld many surgeons from adopting this
novel technique.4 As a consequence, clinical trials random-
izing patients with colon cancer to open or laparoscopic
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Figure 4. Disease-free survival (A) and overall survival (B) according to
randomized procedure and stage. The numbers of patients at risk for each
stage are shown at the bottom: the top row gives the numbers who
underwent laparoscopically assisted surgery; the bottom row, open surgery.

Table 3. Multivariate Analysis of Overall Survival
According to Various Factors*

Factor
Hazard Ratio

(95% Confidence Interval) P Value

Procedure† 1.07 (0.83-1.37) .61
Stage II vs stage I 1.89 (1.29-2.77) �.001
Stage III vs stage I 2.88 (1.98-4.20) �.001
Female vs male 0.72 (0.56-0.92) .009
Age �70 vs �70 y 1.81 (1.40-2.34) �.001

*Cox proportional hazards regression model with stratification by trial.
†Laparoscopically assisted vs open surgery.
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resection were initiated in the mid 1990s simultaneously
in North America and in Europe to evaluate the oncologi-
cal safety of laparoscopic colectomy. In 2001, the princi-
pal investigators of the Barcelona, COST, COLOR, and
CLASICC trials convened to explore pooling of data. Be-
cause long-term results from individual trials were not yet
available, the incentive was to provide an early robust an-
swer based on all available evidence to the question of
whether laparoscopic resection of colon cancer is onco-
logically safe.

In 2002, Lacy et al4 reported improved survival after
laparoscopic colectomy in patients with stage III colon
cancer after a median follow-up of 43 months. How-
ever, the outcome of this study was criticized because the
total number of patients was low and the study involved
a single high-quality laparoscopic center.14 In 2004, the
COST study group5 reported similar disease-free sur-
vival after laparoscopically assisted or open colectomy
for cancer at a median follow-up of 4.4 years. The COST
study was a multicenter trial; therefore, the outcome was
a better reflection of general surgical practice in North
America. The CIs of the survival difference in the COST
study were considered too wide, allowing for a 16% in-
creased risk of death and an 11% increased risk of re-
currence after laparoscopic colectomy.6

A possible limitation of this meta-analysis is that fol-
low-up was censored at 3 years after surgery instead of
at 5 years. However, 80% of recurrences of colon cancer
occur in the first 3 years.15 Sargent et al15 noted in their
review of data from almost 21 000 patients with colon
cancer that the correlation between 3-year disease-free
survival and 5-year overall survival was 0.89.

To our knowledge, this meta-analysis provides data
on the largest population available to date across North
America and Europe comparing long-term outcomes af-
ter laparoscopically assisted and open surgery for colon
cancer. The present data originate from 48 institutions
in North America and from 44 institutions in Europe. The
CIs of the difference between open and laparoscopic col-
ectomy for disease-free survival and overall survival were
narrow in this meta-analysis, which allows a statement
that laparoscopic colectomy for cancer is safe.

The results of these trials were produced by centers
with expertise in laparoscopic colon surgery. Struc-
tured training in laparoscopic colon surgery is manda-
tory to reproduce these results in practices that have not
yet adopted this novel technique.
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