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Abstract 

Purpose: We conducted a meta-analysis to evaluate and compare the short- and 
long-term results of laparoscopic colorectal surgery (LCRS) and conventional open sur-
gery (OCRS) for colorectal cancer (CRC). 

Methods: We searched relevant papers published between January 1990 and May 2011. 
We analyzed the outcomes of each type of surgery over the short- and long-term periods. 

Results: In the short-term period, we found no significant differences in overall periop-
erative complications and anastomotic leakage between LCRS and OCRS groups. We 
found no significant differences in overall, distant, local and wound-site recurrence, 
overall mortality, 3 and 5 year disease-free survival rate, and cancer-related mortality 
between the 2 groups. 

Conclusions: LCRS has the benefits of reducing intraoperative blood loss, earlier re-
sumption of oral intake, and shorter duration of hospital stay in the short-term. The 
long-term outcomes of LCRS seem to be similar to those of OCRS. 
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Introduction 

Colorectal cancer (CRC) is the fourth leading 
cause of cancer-specific mortality worldwide, with 
610,000 related deaths each year1. CRC is the fourth 
most common form of cancer in the United States2 and 
the third leading cause of cancer-related death in the 
Western world3. Surgery is the only curative treat-
ment for CRC. Laparoscopic resection for CRC was 
first described in 19914 and has since been widely ap-
plied by surgeons to treat patients with CRC.  

Several articles have reported the short-term 
advantages of laparoscopic colorectal surgery (LCRS) 

over conventional open colorectal surgery (OCRS) 
and have concluded that laparoscopic surgery causes 
less pain, results in better pulmonary function, shorter 
duration of postoperative ileus, less fatigue, and a 
better quality of life5-7. However, the value of laparo-
scopic colorectal surgery has remained controversial 
because the long-term outcomes have not been clari-
fied. The long-term results of colorectal surgery, such 
as tumor recurrence rate, disease-free survival rate, 
and mortality rate, have been gradually published8-10. 
Several randomized control trials (RCTs) that com-
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pare LCRS with OCRS have been conducted8-30. 
Therefore, we conducted a meta-analysis of the data 
from these RCTs and compared the outcomes of LCRS 
and OCRS by considering several factors listed below. 
In addition, we selected the RCTs for which the fol-
low-up period was at least 3 years to evaluate the 
long-term outcomes of LCRS.  

Materials and methods 

To identify papers relevant to our study we 
searched through the major medical databases such as 
MEDLINE, EMBASE, Science Citation Index, and 
Cochrane Controlled Trial Register for studies pub-
lished between January 1990 and May 2011. The fol-
lowing search terms were used: “laparoscopy,” “lap-
aroscopy-assisted,” “surgery,” “colorectal cancer,” 
and all related articles. Furthermore, we limited our 
literature search to those studies that involved a fol-
low-up period of 3 or more years to examine the 
long-term outcomes of LCRS. We treated studies that 
are part of a series or studies described by the same 
author as a single study. Most appropriate data of a 
series of studies were used for this meta-analysis.   

Three researchers (H.O., Y.T., and K.H.) ex-
tracted data from each article by using a structured 
sheet and entered the data into a database. Because 
this analysis was performed by the principle of inten-
tion-to-treat31, all patients converted from the laparo-
scopic group to the conventional open surgery group 
remained in the laparoscopic group for analysis. We 
conducted a meta-analysis for the short- and 
long-term. For the short-term analysis, we collected 
data on the duration of the operation, estimated blood 
loss, number of patients requiring transfusion, num-
ber of harvested lymph nodes, time required for re-
sumption of oral intake, duration of hospital stay, 
length of operation wound, complications, and peri-
operative mortality. For the long-term analysis, we 
used data on the rate of tumor recurrence, disease-free 
survival rate, and mortality. If necessary, we con-
tacted the authors of the original studies to receive 
further information.  

Statistical analysis 

Weighted mean differences (WMDs) and odds 
ratios (ORs) were used for the analysis of continuous 
and dichotomous variables, respectively. Ran-
dom-effects models were used to identify heteroge-
neity between the studies32 and the degree of hetero-
geneity was assessed using the χ2 test. The confidence 
interval (CI) was established at 95% and p values of 
less than 0.05 were considered to indicate statistical 
significance. Statistical analyses were performed us-
ing the Review Manager (RevMan) software version 

5.0.25 provided by the Cochrane Collaboration, Co-
penhagen, Denmark. 

Results 

We identified 12 papers reporting RCTs that 
compared LCRS and OCRS for colorectal cancer8-24. 
The characteristics of each RCT are presented in Table 
1. Our meta-analysis included 4458 patients with col-
orectal cancer; of these, 2375 had undergone LCRS, 
and 2083, OCRS. The results of the short- and 
long-term are shown in Fig. 1 and Fig. 2, respectively. 
The outcomes of LCRS and OCRS in the short- and 
long-term are reported below. 

Short-term Outcomes 

The operative duration for LCRS was signifi-
cantly longer than for OCRS, i.e., by 39.32 min (WMD 
= 39.32; 95% CI = 30.72–47.91; p < 0.00001). Eleven of 
the 12 RCTs included data on operative duration, and 
the 11 RCTs indicated that the duration of operations 
using LCRS was significantly longer than that of op-
erations using OCRS. Blood loss in patients who un-
derwent LCRS was significantly lesser than patients 
in those who underwent OCRS, by an average volume 
of 133.05 ml (WMD = -133.05; 95% CI = -201.30 to 
-64.81; p = 0.0001). We found no significant differ-
ences between patients who underwent LCRS and 
those that had OCRS for the number of transfused 
patients or the number of dissected lymph nodes. 
Patients in the LCRS group resumed oral intake on an 
average of 1.08 days sooner than did patients in the 
OCRS group, and the difference was significant 
(WMD = -1.08; 95% CI = -1.36 to -0.80; p < 0.00001). 
The duration of hospital stay was significantly shorter 
by an average of 2.80 days for patients in the LCRS 
group than for those in the OCRS group (WMD = 
-2.80; 95% CI = -4.78 to -0.81; p = 0.006). The average 
length of the wound caused by each operation was 
significantly shorter by 10.97 cm in the LCRS group 
than in the OCRS group (WMD = -10.97; 95% CI = 
-14.37 to -7.57; p < 0.00001). Differences in overall 
perioperative complications and anastomotic leakage 
between the LCRS group and the OCRS group were 
insignificant for treatment of the colorectal cancer. We 
also found no significant differences in perioperative 
mortality between the surgery groups when we 
pooled data for treatment of the colorectal cancer.  

Long-term Outcomes 

The rate of wound-site recurrence for patients in 
the LCRS group was significantly higher than for 
those in the OCRS group in our analysis of the pooled 
data for CRC treatment (OR = 2.87; 95% CI = 
1.08–7.68; p = 0.04). Restricting wound-recurrence to 
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isolated abdominal-wall recurrences, in the absence of 
recurrent disease elsewhere, the differences between 
the groups was insignificant (p = 0.09). Our analysis of 
the local and distant metastasis recurrence between 
the LCRS group and the OCRS group for treatment of 
the colorectal cancer indicated no significant differ-
ence. There was also no significant difference between 
the surgery groups for the overall recurrence of tu-
mors. 

We found no significant differences in the 3- and 
5-year disease-free survival rates between patients 
who underwent LCRS and those who underwent 
OCRS. 

There was no significant difference between the 
LCRS and OCRS groups for cancer-related mortality 
for treatment of the colorectal cancer. Likewise, there 
was no significant difference in overall mortality be-
tween the LCRS and OCRS groups. 

Heterogeneity 

In the short-term period, significant heterogene-
ity was detected between studies with respect to the 
following 4 factors: intraoperative blood loss, dura-
tion of hospital stay, length of operation wound, and 
overall complications. In the long-term period, no 
significant heterogeneity was detected between stud-
ies. 

Table 1. Characteristics of the randomized clinical trials 

authors Year number of ref-
erence 

institutions of 
the study 

Study size (n) lesional site follow-up period 
(months) 

      LCRS OCRS     

Araujo et al. 2003 11 single center 13 15 rectum 47.2 months (mean) 

Braga at al. (colon) 2010 12 single center 134 134 colon 73 months (median) 

Braga at al. (rec-
tum) 

2007 13 single center 83 85 rectum 53.6 months (mean)/ 
54.2 months (median) 

CLASICC 2010, 2007, 
2005 

8,9,16 multicenter  526 268 colon or rectum 56.3 months (median) 

COLOR 2009, 2005 17,18 multicenter  534 542 colon 53 months (median) 

COST 2004 19 multicenter 435 428 colon 4.4 years (median) 

Curet et al. 2000 20 single center 25 18 colon 4.9 years (mean) 

Lacy 2002 10 single center 111 108 colon 43 months (median) 

Leung  2004 21 2 centers  167 170 colon or rectum 51 months (median) 

Liang 2006 22 single center 135 134 colon 40 months (median) 

Mirza et al. 2008 23 single center 116 117 colon or rectum 48 months (median) 

Park et al. 2009 24 single center 170 374 rectum 36 months (mean) 
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Fig.1 Meta-analysis of the short-term period for colorectal cancer 
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Fig. 2 Meta-analysis of the long- term period for colorectal cancer 

 

Discussion 

Previous articles showed that laparoscopic sur-
gery for CRC is associated with low morbidity, less 
pain, fast recovery, and short hospital stay, compared 
to conventional open surgery in the short-term5-7. 
Recent articles reporting RCTs have shown that 
long-term oncological results for LCRS are compara-
ble to those for OCRS33. There are claims that LCRS 
prolongs cancer-related survival10. Therefore, we 
examined the oncological results of LCRS and com-
pared to those of OCRS in short- and long-term peri-
ods by a meta-analysis of 12 RCTs.  

In the short-term period, this meta-analysis 
showed that LCRS has a significantly long operative 
time but significantly reduces the intraoperative 
blood loss compared with OCRS. These results are 
consistent with those of the recent RCTs10, 22. Potential 
explanations for the abovementioned results are me-
ticulous dissection facilitated by instruments for lap-
aroscopic surgery and videoscopic magnification34. 
We also found that there was no significant difference 
in the number of patients requiring blood transfusions 
between the LCRS and OCRS groups. The lack of dif-
ference in the number of harvested lymph nodes be-
tween the 2 groups may suggest that the quality of the 
operative techniques is the same. Patients who un-
derwent LCRS resumed oral intake significantly ear-
lier and had significantly shorter hospital stays than 
did patients who underwent OCRS; this finding sug-
gests that LCRS leads to faster recovery. The safety 
and feasibility of LCRS is similar to that of OCRS as 
shown by insignificant differences in the overall 
perioperative complications, anastomotic leakage, 
and perioperative mortality between the surgery 
groups. 

In the long-term period, this study showed that 
there is no significant difference in the overall recur-

rence, local recurrence, or distant recurrence of me-
tastases between the LCRS and OCRS groups. The 
rate of wound-site recurrence for the LCRS group was 
significantly higher than that for the OCRS group. In 7 
of the 9 studies that reported data on wound-site re-
currence, the rates of wound-site recurrence for LCRS 
were similar to the rates for OCRS. In the CLASICC 
trial, the number of extraction-site recurrences was 
higher than that of trocar-site recurrences in the LCRS 
group. Therefore, the authors emphasize the need for 
adequate wound protection during specimen extrac-
tion13. In the COLOR trial, the number of trocar-site 
recurrences was higher than that of extraction-site 
recurrences in the LCRS group. In this meta-analysis 
the differences of wound-site recurrence between the 
groups was insignificant, restricting 
wound-recurrence to isolated abdominal-wall recur-
rences, in the absence of recurrent disease elsewhere. 
Lim et al. reported that port-site metastasis may be a 
part of the systemic disease rather than an unfortu-
nate sequelae of the learning curve for laparoscopic 
surgery35.  

We found no significant difference between the 
LCRS and OCRS groups for overall mortality, 3- and 
5-year disease-free survival rate and cancer-related 
mortality. These results suggest that the long-term 
oncological results of LCRS are similar to those of 
OCRS. Lacy et al. reported that LCRS significantly 
prolongs cancer-related survival in treatment of colon 
cancer10, but our meta-analysis of the pooled data did 
not show this difference. 

Quality of life (QOL) after laparoscopic surgery 
is improved in the early postoperative period com-
pared with QOL after open surgery. In the long-term 
period, however, QOL after LCRS is similar to QOL 
after OCRS9, 36. From the cosmetic viewpoint, LCRS is 
superior to OCRS because the length of operation 
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wound was significantly shorter in LCRS than in 
OCRS. 

Significant heterogeneity was observed between 
the 12 RCTs for intraoperative blood loss, duration of 
hospital stay, length of operation wound, overall 
complications in the short-term period, and overall 
mortality in the long-term period. This heterogeneity 
may be attributable to variation in the skills of the 
surgeons and the condition of the tumor. 

In conclusion, this meta-analysis showed that 
LCRS has the benefits of reducing intraoperative 
blood loss, earlier resumption of oral intake, and 
shorter duration of hospital stay in short-term and 
seems to be similar in the long-term oncological out-
comes, comparing to OCRS. Therefore LCRS may be 
an acceptable treatment as OCRS for CRC. 

Conflict of Interest 

The authors have declared that no conflict of in-
terest exists. 

References 

1. [Internet] WHO. http://www.who.int/mediacentre/ 
factsheets/fs297/en/ 

2. [Internet] National Cancer Institute. http://www.cancer.gov/ 
cancertopics/types/commoncancers 

3. [Internet] Cancer Research UK. http://info.cancerresearchuk. 
org/cancerstats/types/bowel/incidence/ 

4. Jacobs M, Verdeja JC, Goldstein HS. Minimally invasive colon 
resection (laparoscopic colectomy). Surg Laparosc Endosc. 
1991; 1: 144-150. 

5. Schwenk W, Böhm B, Müller JM. Postoperative pain and fa-
tigue after laparoscopic or conventional colorectal resections. A 
prospective randomized trial. Surg Endosc. 1998; 12: 1131-1136. 

6. Abraham NS, Young JM, Solomon MJ. Meta-analysis of 
short-term outcomes after laparoscopic resection for colorectal 
cancer. Br J Surg. 2004; 91: 1111-1124. 

7. Gao F, Cao YF, Chen LS. Meta-analysis of short-term outcomes 
after laparoscopic resection for rectal cancer. Int J Colorectal 
Dis. 2006; 21: 652-656. 

8. Jayne DG, Thorpe HC, Copeland J, et al. Five-year follow-up of 
the Medical Research Council CLASICC trial of laparoscopi-
cally assisted versus open surgery for colorectal cancer. Br J 
Surg. 2010; 97: 1638-1645. 

9. Jayne DG, Guillou PJ, Thorpe H, et al. Randomized trial of 
laparoscopic-assisted resection of colorectal carcinoma: 3-year 
results of the UK MRC CLASICC Trial Group. J Clin Oncol. 
2007; 25: 3061-3068. 

10. Lacy AM, García-Valdecasas JC, Delgado S, et al. Laparosco-
py-assisted colectomy versus open colectomy for treatment of 
non-metastatic colon cancer: a randomised trial. Lancet. 2002; 
359: 2224-2229. 

11. Araujo SE, da Silva eSousa AHJr, de Campos FG, et al. Con-
ventional approach x laparoscopic abdominoperineal resection 
for rectal cancer treatment after neoadjuvant chemoradiation: 
results of a prospective randomized trial. Rev Hosp Clin Fac 
Med Sao Paulo. 2003; 58: 133-140. 

12. Braga M, Frasson M, Zuliani W, et al. Randomized clinical trial 
of laparoscopic versus open left colonic resection. Br J Surg. 
2010; 97: 1180-1186. 

13. Braga M, Frasson M, Vignali A, et al. Laparoscopic resection in 
rectal cancer patients: outcome and cost-benefit analysis. Dis 
Colon Rectum. 2007; 50: 464-471. 

14. Braga M, Vignali A, Zuliani W, et al. Laparoscopic versus open 
colorectal surgery: cost-benefit analysis in a single-center ran-
domized trial. Ann Surg. 2005; 242: 890-896. 

15. Braga M, Frasson M, Vignali A, et al. Laparoscopic vs. open 
colectomy in cancer patients: long-term complications, quality 
of life, and survival. Dis Colon Rectum. 2005; 48: 2217-2223. 

16. Guillou PJ, Quirke P, Thorpe H, et al. Short-term endpoints of 
conventional versus laparoscopic-assisted surgery in patients 
with colorectal cancer (MRC CLASICC trial): multicentre, ran-
domised controlled trial. Lancet. 2005; 365: 1718-1726. 

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

18. Veldkamp R, Kuhry E, Hop WC, et al. Colon cancer Laparo-
scopic or Open Resection Study Group (COLOR). Laparoscopic 
surgery versus open surgery for colon cancer: short-term out-
comes of a randomised trial. Lancet Oncol. 2005; 6: 477-484. 

19. Clinical Outcomes of Surgical Therapy Study Group. A com-
parison of laparoscopically assisted and open colectomy for 
colon cancer. N Engl J Med. 2004; 350: 2050-2059. 

20. Curet MJ, Putrakul K, Pitcher DE, et al. Laparoscopically as-
sisted colon resection for colon carcinoma: perioperative results 
and long-term outcome. Surg Endosc. 2000; 14: 1062-1066. 

21. Leung KL, Kwok SP, Lam SC, et al. Laparoscopic resection of 
rectosigmoid carcinoma: prospective randomised trial. Lancet. 
2004; 363: 1187-1192. 

22. Liang JT, Huang KC, Lai HS, et al. Oncologic results of laparo-
scopic versus conventional open surgery for stage II or III 
left-sided colon cancers: a randomized controlled trial. Ann 
Surg Oncol. 2007; 14: 109-117 

23. Mirza MS, Longman RJ, Farrokhyar F, et al. Long-term out-
comes for laparoscopic versus open resection of nonmetastatic 
colorectal cancer. J Laparoendosc Adv Surg Tech A. 2008; 18: 
679-685. 

24. Park IJ, Choi GS, Lim KH, et al. Laparoscopic resection of ex-
traperitoneal rectal cancer: a comparative analysis with open 
resection. Surg Endosc. 2009; 23: 1818-1824. 

25. Kaiser AM, Kang JC, Chan LS, et al. Laparoscopic-assisted vs. 
open colectomy for colon cancer: a prospective randomized 
trial. J Laparoendosc Adv Surg Tech A. 2004; 14: 329-334. 

26. Stage JG, Schulze S, Møller P, et al. Prospective randomized 
study of laparoscopic versus open colonic resection for adeno-
carcinoma. Br J Surg. 1997; 84: 391-396. 

27. Milsom JW, Böhm B, Hammerhofer KA, et al. A prospective, 
randomized trial comparing laparoscopic versus conventional 
techniques in colorectal cancer surgery: a preliminary report. J 
Am Coll Surg. 1998; 187: 46-55. 

28. Zhou ZG, Hu M, Li Y, et al. Laparoscopic versus open total 
mesorectal excision with anal sphincter preservation for low 
rectal cancer. Surg Endosc. 2004; 18: 1211-1215. 

29. Winslow ER, Fleshman JW, Birnbaum EH, et al. Wound com-
plications of laparoscopic vs open colectomy. Surg Endosc. 
2002; 16: 1420-1425. 

30. Braga M, Frasson M, Vignali A, et al. Laparoscopic vs. open 
colectomy in cancer patients: long-term complications, quality 
of life, and survival. Dis Colon Rectum. 2005; 48: 2217-2223. 

31. Kuhry E, Schwenk WF, Gaupset R, et al. Long-term results of 
laparoscopic colorectal cancer resection. Cochrane Database 
Syst Rev. 2008;:CD003432.  

32. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control 
Clin Trials. 1986; 7: 177-188. 

33. Ohtani H, Tamamori Y, Azuma T, et al. A Meta-analysis of the 
Short- and Long-Term Results of Randomized Controlled Trials 



 Journal of Cancer 2011, 2 

 
http://www.jcancer.org 

434 

That Compared Laparoscopy-Assisted and Conventional Open 
Surgery for Rectal Cancer. J Gastrointest Surg. 2011; [Epub 
ahead of print] 

34. Bonjer HJ, Hop WC, Nelson H, et al. Transatlantic Laparoscop-
ically Assisted vs Open Colectomy Trials Study Group. Lapa-
roscopically assisted vs open colectomy for colon cancer: a me-
ta-analysis. Arch Surg. 2007;142: 298-303. 

35. Lim SW, Cho SH, Oh BR, et al. Port-site recurrence after lapa-
roscopy-assisted low anterior resection: the sign of peritoneal 
dissemination. Int J Colorectal Dis. 2010 [Epub ahead of print]. 

36. Dowson H, Cowie A, Ballard K, et al. Systematic Review of 
Quality of Life following Laparoscopic and open colorectal 
surgery. Colorectal Dis. 2008; [Epub ahead of print].  


