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Abstract The aim of this study was to compare the out-
come of the overall complication, mortality, and recurrence
rate between laparoscopic resection and open surgery for
colorectal cancer. We searched the Medline, Embase,
and Cochrane Library and systematically reviewed the
randomized controlled trials by comparing the overall
complication, mortality, and recurrence rate between lapa-
roscopic resection and open surgery for colorectal cancer.
Fifteen trials with 4,207 patients who reported long-term
outcomes of the overall complication, mortality, and
recurrence rate were included. The combined results of the
individual trials showed no statistically significant differ-
ence in the odds ratio (OR) for overall recurrence (OR 0.92,
95% CI, 0.77-1.11, P = 0.34), local recurrence (OR 0.81,
95% (I, 0.59-1.12, P = 0.20), distant metastasis (OR 1.01,
95% CI, 0.78-1.30, P = 0.95), wound-site recurrence (OR
1.97, 95% CI, 0.77-5.02, P = 0.16), colorectal cancer-
related mortality (OR 0.82, 95% CI, 0.66-1.02, P = 0.07),
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colon cancer-related mortality (OR 0.85, 95% CI, 0.66—
1.09, P = 0.20), rectal cancer-related mortality (OR 0.76,
95% CI, 0.53-1.11, P = 0.16), and overall mortality (OR
0.87, 95% CI, 0.73-1.73, P = 0.11) between the laparo-
scopic surgery and open surgery groups. The overall com-
plications in the laparoscopic surgery group were much
lower than that in the open surgery group (OR 0.71, 95% (I,
0.58-0.87, P = 0.001). This meta-analysis showed that the
successful laparoscopic colorectal resection for colorectal
cancer was as effective as open surgery in terms of the
oncological outcomes, thereby suggesting that laparoscopic
surgery can be continued in patients with colorectal cancer.
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Introduction

Minimally invasive surgery has revolutionized the way
operations are performed. The widespread popularity and
success of laparoscopic biliary tract surgery have persuaded
surgeons to expand the application of this technology rapidly
to the ever-increasing number of abdominal surgical proce-
dures [1]. The possibility of laparoscopic resection for colo-
rectal cancer (CRC) was first described in 1991 [2]; however,
to date, this approach is still not common in surgical practice.
The curability of colorectal cancer by using laparoscopic
colorectal surgery (LCS) has remained controversial. The
concerns about mortality, recurrence rate, and complications
have prevented it from generally being accepted [3—0].

The indisputable physiological benefits of minimal
invasive surgery, such as small incisions, decreased
bleeding, less pain, decreased wound infection rate, less
postoperative adhesions, and probably a better quality of
life, are increasing the use of this technique in CRC surgery
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[7]. The techniques in minimal invasive surgery have also
become refined, thereby reducing the operative times and
improving patient recovery from surgery. However, there
still exists a limitation in the long-term outcome data of
recurrence rate and mortality to compare the effects of
laparoscopic and open surgery for CRC [8-10].

As several randomized controlled trials (RCTs) have
been published, the true assessment of the mortality and
recurrence rate of LCS in CRC compared with open
colorectal surgery (OCS) is best described in these reports
[1, 3, 11-23]. Therefore, a meta-analysis of RCTs seems
appropriate to determine whether LCS leads to different
mortality and recurrence rates when compared with OCS.

Methods

The objectives, search strategy, study selection criteria,
data elements, methods for extraction, and methods for
assessing the study quality were defined. Two independent
authors completed each step in this protocol and resolved
disagreements by discussion.

Literature search

We followed MOOSE (Meta-analysis Of Observational
Studies in Epidemiology) guidelines to identify appropriated
studies (Fig. 1). A computerized search (Medline, Embase,
and The Cochrane Library) was performed. The search terms

Fig. 1 QUOROM diagram

showing study methodology.
RCT randomized controlled

trials
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were “laparoscopy,” “surgery,” “colon,” “colectomy,”
“colonic neoplasms,” or “colonic cancer,” “rectal neo-
plasms,” or “rectal cancer,” “colorectal cancer,” and “all
related articles” functionality of Pubmed. In addition, the
reference lists in selected articles were searched manually.
There were no language and data restrictions. All literature
searches of studies published from 1991 to 2008 were per-
formed. All relevant RCTs that compared laparoscopic and
open surgery for CRC were identified.

Study selection

Citations selected from this initial search were subse-
quently screened for eligibility. The criteria were as fol-
lows: contained patients with the CRC surgical technique
as either “laparoscopic” or “open” for CRC; compared
laparoscopic and open techniques in patients undergoing
CRC resection; and RCT.

Data extraction

Data were extracted independently by two authors and
cross-checked for research consensus. The following
variables were recorded: first author, journal name, date
of publication, study population characteristics, number
of patients operated using each technique, duration of
follow-up, and information on mortality and recurrence. If
necessary, the primary authors were contacted to retrieve
further information.
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Assessment of study quality

Included trials were reviewed and appraised for methodo-
logical quality using the Jadad composite scale. Two
reviewers assessed all studies that met the selection criteria
for methodological quality and details of the randomization
process. In case of differences in opinion, a third reviewer
rechecked the assessment.

Statistical analysis

Dichotomous variables were analyzed using the odds ratio
(OR) and a fixed-effect model, but a random-effect model
was used according to heterogeneity. Sensitivity analysis
was applied by removing individual studies from the data
set and analyzing the effect on the overall results to identify
sources of significant heterogeneity. Meta-analyses on
hazard ratios for tumor recurrence and mortality were per-
formed using Parmar’s method. Data analyses were per-
formed using the software Review Manager version 4.2.2
(Nordic Cochrane Centre, Copenhagen, Denmark). A
P value less than 0.05 was considered statistically significant.

Results
Description of studies

A total of 15 RCTs that compared LCS and OCS for CRC
were identified. Of 4,207 patients in 15 RCTs, 2,126

patients were allocated to the LCS group and 2,081 patients
to the OCS group. The characteristics of these studies are
listed in Table 1. All of the included studies were published
as full articles. The quality of these RCTs varied greatly,
and the mean Jadad score of the included studies was 3.
There was no difference between the LCS and OCS groups
regarding the mean age and the number of men and
women. In 13 out of 15 studies, data on the cancer stage
were provided. No significant difference in stage distribu-
tion was present between the LCS and OCS groups. Upon
reviewing the data extraction, there was agreement among
the reviewers.

Meta-analysis of the overall complication

Eleven studies compared the overall complication after
laparoscopic and open surgery for CRC with 2,603 patients
included in the meta-analysis. The overall complication
rate was 16.1% in the laparoscopic group and 21.1% in the
open surgery group. The combined result of these 11
studies showed that the overall complication in the open
surgery group was significantly higher than that in the
laparoscopic group for CRC; the OR was 0.71 (95% CI,
0.58-0.87, P = 0.001) (Fig. 2).

Meta-analysis of the overall recurrence
Thirteen studies reported the overall recurrence rate after

laparoscopic and open surgery for CRC, with 3,494
patients included in the meta-analysis. The overall

Table 1 Characteristics of randomized controlled trials included in the meta-analysis

Reference Year  Mean age (years) Sex (Male/Female) Study size (n) Stage Site Follow-up
(months)
LCS OCS LCS 0OCS LCS OCS

Araujo et al. 2003  59.1 56.4 9/4 10/5 13 15 NR Rectum 47
Braga et al. 2005 65 67 115/75 121/80 190 201 I-1v Colon or rectum 36
COST 2004 70 69 223/212 208/220 435 428 -1v Colon 53

Curet et al. 2000  65.6 69.2 11/7 14/4 18 18 A-D Colon 59
Jayne et al. 2007 NR NR NR NR 526 268 A-C Colon or rectum 36
Kaiser et al. 2004  59.0 60.5 9/11 7/8 20 15 -1 Colon 35

Lacy et al. 2002 68 71 56/55 50/58 111 108 -1V Colon 43
Leung et al. 2004  67.1 66.5 104/99 114/86 203 200 AJCC I-IV  Colon or rectum 51

Liang et al. 2006 NR NR NR NR 135 134 1L, III Colon 40
Milsom et al. 1998 69 69 26/29 36/18 55 54 -1V Colon or rectum 19
Mirza et al. 2008 72 71 59/56 62/65 116 117 -1 Colon or rectum 49

Park et al. 2008  60.4 60.9 103/67 219/155 170 374 -1 Rectum 36

Stage et al. 1997 72 73 8/7 5/9 15 14 A-D Colon 14
Winslow et al. 2002  69.4 65.7 NR NR 37 46 NR Colon 30

Zhou et al. 2004 44 45 46/36 43/46 82 89 A-D Rectum 1-16
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Review: A meta-analysis of laparoscopic compared with open colorectal resection for colorectal cancer

Comparison: 01 LCS group VS OCS group

Outcome: 01 Recurrence

Study LCS group OCS group OR (fixed) Weight OR (fixed)

or sub-category ni nM 95% Cl % 95% Cl

01 overall recurrence

Araujo 2003 0/13 2715 4 0.49 0.20 [0.01, 4.57]
Braga 2005 147150 18/201 — 3.51 0.81 [0.39, 1.68)
COST 2004 76/435 g4/428 e 15.16 0.87 [0.61, 1.22)
Curet 2000 0/18 1/18 4 0.32 0.32 [0.01, 8.27)
Jayne 2007 lz5/526 59/268 —— 12.93 1.10 (0.78, 1.57]
Kaiser 2004 3/zs 1720 » 0.23 2.28 [0.22, 23.63]
Lacy 2002 18/106 zgsloz — 5.14 0.54 [0.28, 1.05)
Leung 2004 417167 33/170 e e— 5.35 1.35 [0.80, 2.27]
Liang 2006 23/135 29/134 —_— 5.24 0.74 [0.40, 1.37)
Milsom 1998 0/4z z/38 4 0.56 0.17 [0.01, 3.69)
Mirza 2008 27/117 27/115 R 4.54 0.98 [0.53, 1.80)
Park 2008 3/107 4/72 1.01 0.49 [0.11, 2.286)
Stage 1997 0/15 0/14 Not estimable
Subtotal (95% CI) 1899 1595 ‘ £4.47 0.92 [0.77, 1.10]
Total events: 330 (LCS group), 288 (OCS group)

Test for heterogenetty: Chi?=1003, df =11 (P =053),1?7= 0%

Test for overall effect: Z=096 (P =0.34)

02 local recurrence

Araujo 2003 0/13 2/18 4 0.49 0.20 (0.01, 4.57)
Braga 2005 147190 187201 —_— 3.51 0.81 [0.39, 1.68]
Jayne 2007 457526 Zl/zeg —_—— 5.52 1.10 [0.64, 1.89]
Kaiser 2004 1728 0/z20 4 - » 0.1z 2.24 [0.09, 57.75)
Lacy 2002 7/106 147102 —_— 2.89 0.44 (0.17, 1.15)
Leung 2004 117167 7/170 — 1.41 1.64 [0.62, 4.34)
Liang 2006 1/135 1/134 4 » 0.2z 0.99 [0.06, 16.03)
Milsom 1998 0/4z 1/38 4 0.34 0.29 [0.01, 7.44]
Mirza 2008 4/117 11/115 —_— 232 0.33 (0.10, 1.08)
Park 2008 37107 4/72 1.01 0.49 [0.11, Zz.26]
Subtotal (35% CI) 1431 1138 -in- 17.82 0.81 (0.59, 1.12)
Total events: 86 (LCS group), 79 (OCS group)

Test for heterogenety: Chi?=892, df =9 (P =044),17=0%

Test for overall effect: Z =128 (P=020)

03 distant metastasis

Jayne 2007 80/526 38/268 —y— 9.26 1.09 (0.72, 1.65]
Kaiser 2004 z2szs 1720 » 0.23 1.46 [0.12, 17.32]
Lacy 2002 117106 147102 —_— z.77 0.73 [0.31, 1.69]
Leung 2004 30/167 26/170 — i — 4.59 1.21 [0.68, Z2.16]
Liang 2006 22/135 28/134 —_— 5.10 0.74 [0.40, 1.37)
Milsom 1998 0/4z 1/38 4 0.34 0.29 [0.01, 7.44)
Mirza 2008 23/117 18/115 —r— 3.16 1.32 (0.67, 2.60]
Park 2008 1/107 os7z 4 » 0.13 2.04 (0.08, 50.83)
Stage 1997 17158 3714 4 0.63 0.26 [0.0z, z.88]
Subtotal (95% CI) 1243 933 3 26.21 1.01 (0.7, 1.30]
Total events: 170 (LCS group), 129 (OCS group)

Test for heterogeneity: Chi?= 473, df =8 (P =079),17=0%

Test for overall effect: Z =007 (P =095)

04 wound-site recurrence

Araujo 2003 0/13 0/15 Not estimable
Braga 2005 0/150 0/z201 Not estimable
COST 2004 27435 17428 - » 0.2z 1.97 [0.18, 21.83]
Jayne 2007 S/5z2e 1/268 s ma— e 3 0.z8 4.65 [0.59, 36.88)
Kaiser 2004 o/zs 0/20 Not estimable
Lacy 2002 1/106 0s102 » 0.11 2.91 [0.12, 72.3%)
Leung 2004 07167 0/170 Not estimable
Liang 2006 1/135 1/134 4 » o0.22 0.99 [0.06, 16.03)
Milsom 1998 0/4z 2/38 4 0.56 0.17 (0.01, 3.69)
Mirza 2008 0/117 07115 Not estimable
Zhou 2004 z2s8z 0/89 -—) 0.10 §.56 [0.26, 117.53]
Subtotal (95% CI) 1841 1580 -—*—- 1.49 1.97 [0.77, 5.02)
Total events: 15 (LCS group), 5 (OCS group)

Test for heterogeneity: Chi?= 382, df = 5 (P = 0.58), I7= 0%

Test for overall effect: Z=1.42(P=0.186)

Total (35% CI) 6414 5243 L 3 100.00 0.94 (0.82, 1.07)
Total events: 601 (LCS group), 501 (OCS group)

Test for heterogenetty: Chi?= 30.25, df = 36 (P = 0.74),1?7= 0%

Test for overall effect: Z=097 (P=0.33)

01 02 05 1 2 5 10
Favours treatment  Favours control

Fig. 2 Forest plot displaying the results of the meta-analysis of overall complications after laparoscopic surgery versus open surgery for
colorectal cancer. OR odds ratio; CI confidence interval
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recurrence rates were 17.4 and 18.1% in the laparoscopic =~ Meta-analysis of the local recurrence

group and open surgery group, respectively. The combined

result of these 13 studies showed no significant difference  Ten studies reported the rate of local recurrence after
in the OR for overall recurrence between the open surgery  laparoscopic and open surgery for CRC, with 2,566
and laparoscopic groups for CRC; the OR was 0.92 (95%  patients included in the meta-analysis. The local recurrence

CIL, 0.77-1.11, P = 0.34) (Fig. 3). rates were 6.0 and 7.0% in the laparoscopic group and open
Review: A meta-analysis of laparoscopic compared with open colorectal resection for colorectal cancer

Comparison: 01 LCS group VS OCS group

Outcome: 02 Mortality

Study LCS group OCS group OR (fixed) Weight OR (fixed)

or sub-category ni nM 95% Cl % 95% Cl

01 cancer-related mortalty st maximum follove-up, colorectal

Araujo 2003 0/13 0/158 Not estimable
COST 2004 48/435 6l/428 —-—t 8.28 0.75 [0.50, 1.12]
Curet 2000 5/18 6/18 = 0.66 0.77 [0.1%, 3.19)
Jayne 2007 94/52¢6 so/268 — g.23 0.95 [0.65, 1.39)
Kaiser 2004 2/28 1/20 P  0.16 1.46 [(0.12, 17.32)
Lacy 2002 1071086 21710z —_— 2.93 0.40 [0.18, 0.90]
Leung 2004 267167 207170 — 2.53 1.38 (0.74, 2.59)
Mirza 2008 €5/117 74/115 —— 5.02 0.69 [0.41, 1.17)
ZThou 2004 o/8z 0/89 Not estimable
Subtotal (35% CI) 1492 1225 L4 27.82 0.82 [0.66, 1.02)
Total events: 250 (LCS group), 233 (OCS group)

Test for heterogeneity: Chi?= 7.04, df =6 (P =0.32), I7=14.8%

Test for overall effect: Z=1.76 (P =0.07)

02 cancer-related mortalty st maximum follow-up, colon

COST 2004 487435 €1/428 —— 8.28 0.75 [0.50, 1.12)
Curet 2000 £/18 €718 E— 0.66 0.77 [0.19, 32.13)
Jayne 2007 €2/273 27/140 — - 4.18 1.23 (0.74, 2.04)
Kaiser 2004 z/28 1/20 » 0.16 1.46 (0.12, 17.32)
Lacy 2002 10/106 21/102 B 2.93 0.40 (0.1%8, 0.90)
Mirza 2008 467117 46/115 —_— 4.26 0.97 [0.57, 1.64]
Subtotal (35% CI) 977 823 - 20.47 0.85 (0.66, 1.09)
Total events: 173 (LCS group), 162 (OCS group)

Test for heterogenetty: Chi?= 619, df = 5 (P = 0.29), 17=19.2%

Test for overall effect: Z=129(P=0.20)

03 cancer-related mortalty at maximum followw-up, rectum

Araujo 2003 0/13 0715 Not estimable
Jayne 2007 3272583 2z/1z8 —— 4.04 0.66 [0.37, 1.19)
Mirza 2008 1%/117 28/115 e 3.58 0.60 [0.31, 1.15)
Park 2008 24/107 13/72 —_—— 1.82 1.31 (0.82, 2.79]
ZLhou 2004 o/82 0/89 Not estimable
Subtotal (35% CI) 572 419 - 9.44 0.76 (0.53, 1.11)
Total events: 75 (LCS group), 64 (OCS group)

Test for heterogenety: Chi?= 273, df = 2(P = 0.26), I7= 26 8%

Test for overall effect: Z=1.41 (P=0.16)

04 overall mortality at maximum follow-up, colorectal

Araujo 2003 0/13 0/15 Not estimable
Braga 2005 £3/1%90 73/201 —-— 7.74 0.68 [0.44, 1.04)
COST 2004 917435 957428 — 11.46 0.93 [0.67, 1.28]
Curet 2000 g/18 11718 Ry e 0.9%2 0.51 [0.13, 1.92)
Jayne 2007 lel/5z26 87/268 —-— 1z.11 0.92 [0.67, 1.26€)
Kaiser 2004 3728 1/20 » 0.1 2.28 [0.22, 23.68)
Lacy 2002 12/106 27/102 e 3.42 0.61 [0.31, 1.18)
Leung 2004 38/167 40/170 R 4.63 0.96 [0.58, 1.59)
Park 2008 24/107 13/72 —_— 1.82 1.31 (0.82, 2.79]
ZLhou 2004 o/82 0/89 Not estimable
Subtotal (95% CI) 1672 1383 ‘ 4z.27 0.87 [0.73, 1.03]
Total events: 397 (LCS group), 347 (OCS group)

Test for heterogenety: Chi?= 525 df =7 (P = 063),17=0%

Test for overall effect: Z=161 (P=0.11)

Total (95% CI) 4713 3850 L 2 100.00 0.84 [0.75, 0.94)
Total events: 895 (LCS group), 806 (OCS group)

Test for heterogeneity: Chi?= 21 66, df = 23 (P = 0.54), 17= 0%

Test for overall effect: Z = 3.00 (P = 0.003)

01 02 05 1 2 5 10
Favours treatmert  Favours control

Fig. 3 Forest plot displaying the results of the meta-analysis of overall recurrence, local recurrence, distant metastasis, and wound-site
recurrence after laparoscopic surgery versus open surgery for colorectal cancer. OR odds ratio; CI confidence interval
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surgery group, respectively. The combined result of these
10 studies showed no significant difference in the OR for
local recurrence between the open surgery and laparo-
scopic groups for CRC; the OR was 0.81 (95% CI, 0.59-
1.12, P = 0.20) (Fig. 3).

Meta-analysis of distant metastasis

Nine studies reported the rate of distant metastasis after
laparoscopic and open surgery for CRC, with 2,176
patients included in the meta-analysis. The distant metas-
tasis rates were 13.7 and 13.8% in the laparoscopic group
and open surgery group, respectively. The combined result
of these nine studies showed no significant difference in the
OR for the distant metastasis between the open surgery and
laparoscopic groups for CRC; the OR was 1.01 (95% CI,
0.78-1.30, P = 0.95) (Fig. 3).

Meta-analysis of wound-site recurrence

Eleven studies reported the rate of wound-site recurrence
after laparoscopic and open surgery for CRC, with 3,421
patients included in the meta-analysis. The wound-site
recurrence rates in the laparoscopic group and open
surgery group were 0.81 and 0.32%, respectively. The
combined result of these 11 studies showed no signifi-
cant difference in the OR for wound-site recurrence
between the open surgery and laparoscopic groups for
CRC; the OR was 1.97 (95% CI, 0.77-5.02, P = 0.16)
(Fig. 3).

Meta-analysis of CRC-related mortality

Data from nine studies with 2,717 patients were available
to calculate OR for CRC-related mortality after laparo-
scopic and open surgery for CRC. The CRC-related mor-
talities in the laparoscopic group and open surgery group
were 16.8 and 19.0%, respectively. The combined result of
these nine studies showed no significant difference in the
OR for CRC-related mortality between the open surgery
and laparoscopic groups; the OR was 0.82 (95% CI, 0.66—
1.02, P = 0.07) (Fig. 4).

Meta-analysis of colon cancer-related mortality

Data from six studies with 1,800 patients were available to
calculate the OR for colon cancer-related mortality after
laparoscopic and open surgery. The colon cancer-related
mortalities were 17.7 and 19.7% in the laparoscopic group
and open surgery group, respectively. The combined result
of these six studies showed no significant difference in the
OR for the colon cancer-related mortality between the open
surgery and laparoscopic groups; the OR was 0.85 (95%
CI, 0.66-1.09, P = 0.20) (Fig. 4).

Meta-analysis of rectal cancer-related mortality

Data from five studies with 991 patients were available to
calculate the OR for the rectal cancer-related mortality
after laparoscopic and open surgery. The rectal cancer-
related mortalities in the laparoscopic group the open sur-
gery group were 13.1 and 15.3%, respectively. The

Review: A meta-analysis of laparoscopic compared with open colorectal resection for colorectal cancer
Comparison; 01 LCS group VS OCS group
Outcome; 03 overal complications
Study LCS group OCS group OR (fixed) Weight OR (fixed)
or sub-category ni nM 95% Cl % 95% Cl
Araujo 2003 8/13 7718 S B a— 0.89 2.57 [0.54, 12.17]
Braga 2005 137190 30/201 —_— 1z.04 0.42 [0.21, 0.83)
COST 2004 92/435 85/428 —_— 29.96 1.08 [0.78, 1.51)
Kaiser 2004 l/28 1720 4 » 0.50 0.70 [0.04, 11.96]
Lacy 2002 l4/1086 37/102 —_— 14.51 0.27 [0.13, 0.53]
Leung 2004 40/167 45/170 —— 15.04 0.87 [0.53, 1.43)
Liang 2006 207135 29/134 —_—— 11.00 0.63 [0.34, 1.18]
Milsom 1998 8/4z g/38 e — 3.02 0.88 [0.23, Z.64]
Park 2008 10/107 18/72 —_— 8.65 0.31 [0.13, 0.72)
Stage 1997 0/15 0/14 Not estimable
Zhou 2004 5/82 11/8% — 4.39 0.46 [0.15, 1.39]
Total (35% CI) 1320 1283 3 100.00 0.71 (0.58, 0.87)
Total events: 212 (LCS group), 271 (OCS group)
Test for heterogenety: Chi?= 2412, df = 9 (P = 0.004),17= 62.7%
Test for overall effect: Z=328 (P=0.001)

01 02 05 1 2 5 10

Favours treatment

Favours cortrol

Fig. 4 Forest plot displaying the results of the meta-analysis of colorectal cancer-related mortality, colon cancer-related mortality, rectal cancer-
related mortality, and overall mortality after laparoscopic surgery versus open surgery for colorectal cancer. OR odds ratio; CI confidence interval
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combined result of these five studies showed no significant
difference in the OR for rectal cancer-related mortality
between the open surgery and laparoscopic groups; the OR
was 0.76 (95% CI, 0.53-1.11, P = 0.16) (Fig. 4).

Meta-analysis of the overall mortality

Ten studies reported the overall mortality after laparo-
scopic and open surgery for CRC. The overall mortality
was 23.7% in the laparoscopic group and 25.1% in the
open surgery group. The combined result of these 10
studies showed no significant difference in the OR for the
overall mortality between the open surgery and laparo-
scopic groups for CRC; the OR was 0.87 (95% CI, 0.73—
1.73, P = 0.11) (Fig. 4).

Statistical analysis

Removing individual studies from the data set did not
substantially change the Peto OR or the level of signifi-
cance for the outcomes of complication, recurrence, and
mortality between the laparoscopic and open surgery
groups.

Publication bias

One funnel plot of the outcome recurrences in the included
studies demonstrated symmetry, indicating no serious
publication bias (Fig. 5).

Discussion

Laparoscopic technique has been enthusiastically applied to
the resection of colorectal tumor for more than 10 years.
Currently, many colorectal surgeons believe that the

Review: A meta-analysis of laparoscopic compared with open colorectal resection for colorectal cancer
Comparisonc 01 LCS group V'S OCS group
Outcome: 01 Recurrence

TO00  SEfley OR)

b |
rYy

. P LA ]

04 «*
. .
.
_os L]
.
12 -
. . B
.
. .

19 * . 0y @
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Fig. 5 Funnel plot of the outcome from all studies comparing overall
recurrence in patients undergoing laparoscopic versus open surgery
for colorectal cancer

laparoscopic approach has quicker functional recovery and
has achieved comparable and even better oncologic results
for the treatment of patients with CRC [1, 24, 25]. Pre-
liminary trials have reported many benefits of surgical
excision by using the laparoscopic method, including
reduction in stress and immunosuppression, less postoper-
ative pain, early recovery of bowel function, few hospital
stays, and faster recovery to perform normal activities [1, 7,
26, 27]. However, the mainstay of CRC treatment remained
adequate for surgical resection. Controversy exists in sev-
eral large prospective studies with regard to whether the
laparoscopic method may even be more harmful to the
patient than the conventional open surgery for CRC,
because of a possible increase in the incidence of recurrence
and mortality [3-6]. Therefore, a meta-analysis of disease
recurrence, complication, and survival is necessary to
evaluate the oncological efficacy of CRC treatment.

The current meta-analysis focuses on the long-term
outcome of randomized trials following laparoscopy when
compared to open surgery for CRC. This is an evidence-
based study including almost all reported RCTs. Although
other systematic reviews comparing LCS and OCS for
CRC have been performed [28, 29], the results of our study
are more convincing because of its large sample size. The
results of our study have shown that the overall compli-
cations in LCS group are less than that in the OCS group.
There is no significant difference in the overall recurrence,
local recurrence, distant metastasis, wound-site recurrence,
CRC-related mortality, colon-related mortality, rectal-
related mortality, and overall mortality. This is also an
important confirmatory finding that provides support for
the laparoscopic approach in terms of long-term survival
by confirming from a surgical standpoint that the laparo-
scopic approach provides as good a resection as the open
approach for treating CRC.

The present results are consistent with the COST study
[1]. The COST study, with a median follow-up of
4.4 years, has shown no significant difference in the tumor
recurrence rates between the two surgical techniques for
treating potentially curable colon cancer. However, the
analysis of 219 patients in a Spanish randomized trial has
also shown favorable outcomes in the laparoscopic colec-
tomy group [16]. As indicated in Liang’s study, the range
of recurrence following LCS relates to the fact that this
approach is a surgeon- and instrument-dependent technique
that is subjected to inadequate vascular dissection, poor
establishment of laparoscopic anatomy, inadequate bleed-
ing control, and also water irrigation during the operation
[18]. In the early 1990s, several isolated cases of port-site
recurrences after LCS for cancer were reported [30-34],
and the incidence was estimated to be as high as 21%.
However, recent studies have indicated that the incidence
of port-site metastases was much lower and no different
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from the incidence of wound recurrences after open
resections [35]. Vukasin et al. [36] reported that the inci-
dence of port-site recurrence was 1.1%, which is similar to
the incidence of wound recurrence (1-1.5%) following OC
for cancer. Additionally, significant differences in port-site
or wound-site between the two groups are not shown in our
present meta-analysis study.

In the meta-analysis of mortality after laparoscopy
compared with that following open surgery for CRC, there
is no statistically significant difference in the CRC-related,
colon cancer-related, rectal cancer-related, and overall
mortality between the laparoscopic and open surgery
groups. A similar in-hospital and 30-day mortality in the
two patient groups confirmed the clinical safety of the
laparoscopic approach reported in earlier research [37].
However, the long-term outcome of mortality was indefi-
nite between the LCS and OCS groups. The COST study
[1], with a median follow-up of 4.4 years, demonstrated no
difference in disease-free survival and overall survival
rates between the two surgical techniques for treating
potentially curable colon cancer. Mirza et al. [11] indicated
that the laparoscopically assisted colectomy was indepen-
dently associated with a reduced risk of disease recurrence
and a reduced risk of cancer-related death when compared
with the open colectomy. There is evidence that surgical
stress impairs immunity and immunity has a critical role in
tumor progression and metastatic spread. Previous studies
investigating immune dysfunction after laparoscopic sur-
gery have failed to show any difference in comparison with
the open surgery [38—43]. This association could explain
our findings that no difference in mortality exists between
the LCS and OCS groups.

It should be noted that our current study has some
limitations. Firstly, the analysis of mortality and recurrence
rate was performed using the total number of events at the
end of the follow-up period, and the time to events and
duration of follow-up were not taken into account in the
current meta-analysis since the data available in these
RCTs were inadequate. As indicated by Kuhry et al. [28],
this could cause a bias, since patients who are lost to fol-
low-up are excluded, thereby lowering both the power and
the validity of the studies. Secondly, we did not perform a
separate analysis comparing converted procedures, com-
pleted laparoscopic procedures, and open surgery proce-
dures for CRC, since this analysis would be biased.

In conclusion, our meta-analysis showed the benefits of
laparoscopic resection in reducing overall complications.
Laparoscopic resection did not increase overall disease
recurrence rates, local recurrence rates, distant metastasis
rates, wound-site recurrence rates, CRC-related mortality,
colon or rectal cancer-related mortality, and overall mor-
tality following surgery for CRC when comparing the open
resection with laparoscopic surgery. Therefore, successful
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laparoscopic colorectal resection for CRC is as effective as
open surgery in terms of oncological outcomes, and these
results support the continued use of laparoscopic surgery in
patients with CRC.
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