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Abstract

AIM

To review evidence on the short-term clinical outcomes
of laparoscopic (LRR) vs open rectal resection (ORR)
for rectal cancer.

METHODS

A systematic literature search was performed using
Cochrane Central Register, MEDLINE, EMBASE, Scopus,
OpenGrey and ClinicalTrials.gov register for randomized
clinical trials (RCTs) comparing LRR vs ORR for rectal
cancer and reporting short-term clinical outcomes.
Articles published in English from January 1, 1995 to
June, 30 2016 that met the selection criteria were
retrieved and reviewed. The Preferred Reporting Items
for Systematic reviews and Meta-Analysis (PRISMA)
statements checklist for reporting a systematic review
was followed. Random-effect models were used
to estimate mean differences and risk ratios. The
robustness and heterogeneity of the results were
explored by performing sensitivity analyses. The pooled
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effect was considered significant when P < 0.05.

RESULTS

Overall, 14 RCTs were included. No differences were
found in postoperative mortality (P = 0.19) and
morbidity (P = 0.75) rates. The mean operative time
was 36.67 min longer (95%CI: 27.22-46.11, P <
0.00001), the mean estimated blood loss was 88.80 ml
lower (95%CI: -117.25 to -60.34, P < 0.00001), and
the mean incision length was 11.17 cm smaller (95%CI:
-13.88 to -8.47, P < 0.00001) for LRR than ORR.
These results were confirmed by sensitivity analyses
that focused on the four major RCTs. The mean length
of hospital stay was 1.71 d shorter (95%CI: -2.84 to
-0.58, P < 0.003) for LRR than ORR. Similarly, bowel
recovery (/.e., day of the first bowel movement) was
0.68 d shorter (95%CI: -1.00 to -0.36, Z < 0.00001)
for LRR. The sensitivity analysis did not confirm a
significant difference between LRR and ORR for these
latter two parameters. The overall quality of the
evidence was rated as high.

CONCLUSION

LRR is associated with lesser blood loss, smaller incision
length, and longer operative times compared to ORR.
No differences are observed for postoperative morbidity
and mortality.

Key words: Laparoscopic rectal resection; Open rectal
resection; Laparoscopy; Rectal cancer; Postoperative
morbidity; Short-term outcomes; Systematic review;
Meta-analysis

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is no consensus on which technique,
between laparoscopic rectal resection (LRR) and
open rectal resection (ORR), is more beneficial
for the patient. A systematic review and meta-
analysis exclusively based on randomized clinical
trials comparing LRR vs ORR has been performed.
The pooled analyses focused on the evaluation and
comparison of short-term clinical outcomes and showed
that postoperative morbidity and mortality are similar
between the two surgical approaches. However, LRR is
associated with lesser blood loss and smaller incision
length, which may represent clinical advantages for the
patient.

Martinez-Pérez A, Carra MC, Brunetti F, de’ Angelis N. Short-
term clinical outcomes of laparoscopic vs open rectal excision
for rectal cancer: A systematic review and meta-analysis. World J
Gastroenterol 2017; 23(44): 7906-7916 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i144/7906.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.144.7906
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INTRODUCTION

The oncologic principles for the curative treatment
of rectal cancer imply the complete removal of the
tumor and the mesorectum™. In locally advanced
rectal cancers, oncologic outcomes can be improved
by tailored multi-disciplinary approaches that combine
surgery with neoadjuvant chemoradiation therapy™.

Laparoscopy is currently useful for the resection of
rectal cancer. The results of multi-centric randomized
clinical trials (RCTs) have shown that laparoscopic
rectal resection (LRR) was associated with more
favorable short-term outcomes compared to open
rectal resection (ORR)®*. Specifically, the COLOR II
trial showed statistically significant differences in favor
of LRR in terms of blood loss, bowel recovery, and the
length of hospital stay, with no differences between
the two approaches in postoperative morbidity and
mortality®®!. The COREAN study achieved similar
results, and showed less postoperative pain and
better physical and intestinal recovery after LRR™.
In the more recent ACOSOG Z6051 and ALaCaRT
trials, LRR was associated with longer operative
times, less blood loss, and faster post-surgery bowel
movements [ACOSOG] or time to flatus compared
to ORR [ALACART], despite no observed group
differences in the length of hospital stay™®. Two recent
meta-analyses had compared the short-term clinical
results of LRR vs ORR based on pooled actualized
data from the relevant literature on rectal cancer.
They shown, among others advantages, a significant
lesser postoperative morbidity”® and mortality'” for
patients undergoing LRR over those who received
ORRY®l, However, they considered both RCTs and non-
RCTs, a critical factor that dampens the strength of the
results due to the quality of the selected studies and
the risk of bias. Furthermore, the results of a recent
RCTs-based meta-analysis focusing exclusively on
the pathologic outcomes of LRR vs ORR reignited the
debate regarding the oncological safety of laparoscopy
for rectal cancer in terms of quality of mesorectal
resection'. Thus, while waiting for the long-term
data of the ongoing RCTs, we conducted a systematic
review and meta-analysis on RCTs only to evaluate
the best level of evidence available so far on the short-
term clinical outcomes of laparoscopic vs open rectal
resections in patients with rectal cancer.

MATERIALS AND METHODS

Literature search

A literature search was performed on the following
online databases: Cochrane Central Register of
Controlled Trials (CENTRAL), MEDLINE (through
PubMed), EMBASE, and Scopus. To increase the
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probability of identifying all relevant articles, a specific
research equation was formulated for each database,
using the following keywords and/or MESH terms:
rectal/colorectal cancer/carcinoma, treatment, therapy,
management, surgery, laparoscopy/laparoscopic
surgery, open surgery/laparotomy, and randomized
trial/trial. Moreover, the reference lists of the eligible
studies and relevant review articles were crosschecked
to identify additional pertinent studies. Grey literature
was explored on the OpenGrey database and the
ClinicalTrials.gov registry was also searched to look for
any ongoing RCT whose results might be published
in the near future. Articles published in English from
January 1, 1995 to June, 30 2016 that met the se-
lection criteria were retrieved and reviewed.

Study design

The methodological approach for this systematic
review included the development of selection criteria,
the definition of search strategies, the assessment
of study quality, and an abstraction of relevant data.
The Preferred Reporting Items for Systematic reviews
and Meta-Analysis (PRISMA) statements checklist for
reporting a systematic review was followed™.

The eligibility and selection criteria were defined
before the data search was initiated to ensure the
proper identification of all studies that were eligible
to be included in the systematic review and meta-
analysis. Only RCTs that compared LRR and ORR and
reported at least one of the outcomes of interest were
retrieved and analyzed. No trial duration limitation
was applied. Non-randomized studies, retrospective
studies, case reports, review articles, commentaries,
and conference abstracts were not considered in the
systematic review. Studies that reported the results
of surgical teams during their learning curve in la-
paroscopic rectal resection were excluded.

By applying the PICO framework, the study se-
lection criteria were as follows:

Participants: Adult patients with histologically
confirmed rectal cancer that required a surgical
resection.

Interventions: Laparoscopic (including laparoscopic-
assisted) or open rectal resection. Studies were
included independently of the surgical technique (e.g.,
abdominoperineal resection or anterior resection) and
the performance of a primary anastomosis.

Comparisons: LRR vs ORR.

Outcome measures: include short-term surgical
and clinical outcomes that were divided into: (1)
Intraoperative outcomes: mean operative time (min),
intraoperative morbidity rate (%), mean estimated
blood loss (ml), mean incision length (cm), ureter
injury rate (%), gastrointestinal injury rate (%); and

Raishidenge ~ WJG | www.wjgnet.com

(2) postoperative outcomes: postoperative morbidity
rate (%), postoperative mortality rate (%), mean
length of hospital stay (days), anastomotic leak rate
(%), reoperation rate (%), ileus rate (%), time to
bowel recovery (day of first bowel movement in days),
wound infection rate (%), chest infection rate (%),
urinary infection rate (%).

Data extraction

Initially, titles and abstracts of the retrieved studies
were independently and blindly screened for relevance
by two reviewers (AM-P and NdeA) according to the
2010 CONSORT Statement for RCTs (Http://www.
consort-statement.org). To enhance sensitivity, records
were removed only if both reviewers excluded the
record at the initial screening level. Subsequently, both
reviewers performed a full-text analysis of the selected
articles.

Risk of bias

Both reviewers independently assessed the risk
of bias using the Cochrane “Risk of Bias” tool, as
described in the Cochrane Handbook for Systematic
Reviews of Interventions™". Additionally, the Grading
of Recommendations Assessment Development and
Evaluation (GRADE) system was used to grade the
“body of evidence” that emerged from the review™?.
All disagreements between the two reviewers in the
selection and evaluation processes were resolved by
discussion with a third reviewer (FB).

Statistical analysis

Data from the included studies were processed using
qualitative and quantitative analyses. For binary
outcome data, the relative risk (RR) and 95% CI
were estimated using the Mantel-Haenszel method.
For continuous data, the mean differences (MD)
and 95%CIs were estimated using inverse variance
weighting. Outcome measures (mean and median
values, standard deviations, interquartile ranges) were
extracted for each surgical treatment. If necessary and
possible, outcome variables were calculated based on
the data available in the individual studies. If the SE
was provided instead of a SD, the SD was calculated
based on the sample size (SE = SD/variables were
calculated based on the data available in the individual
studies. Whether neither mean or SD values were
reported, they were estimated from the median,
ranges, interquartile ranges (IQR) or P values!****,
Heterogeneity was assessed by the I* statistic!***>*¢l,
P values of 25%, 50%, and 75% were considered as
low, moderate, and high, respectively!*®,

The pooled estimates of the mean differences were
calculated using random effects models to consider
potential inter-study heterogeneity and to adopt a
more conservative approach. Then, the robustness of
the results and the potential sources of heterogeneity
were explored by performing sensitivity analyses (e.g.,
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Records identified through database searching on
Cochrane, PubMed, EMBASE, Scopus
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c
8
=}
©
o
i)
b=}
c
o]
he]
p=t

Records excluded because non-pertinent

Articles screened on
title and abstract

[=)]

£

c

Q

o

Q

2]

Articles assessed for eligibility

— on full-text (7 = 369)

=)

5

2 Selected articles (7 = 14)

w

B Studies included in the qualitative

%s and quantitative syntesis (7 = 14)

(=

to the review question (7 = 5836)

Records excluded: (7 = 355)

Non-relevant study design
Non-pertient to review question
Learning curve

Figure 1 Flowchart of the literature search and study selection process according to the preferred reporting ltems for systematic reviews and meta-

analysis guidelines.

subgroup analyses; comparison using a fixed-effects
model). The pooled effect was considered significant
if P < 0.05. The meta-analysis was performed using
Review Manager (RevMan, version 5.3, Cochrane
Collaboration, Copenhagen, Denmark).

RESULTS

Study selection

Overall, the combined search identified 6205 articles,
of which 5836 were rejected based upon the title
and abstract evaluation. The remaining 369 articles
underwent full-text evaluation; 355 were excluded
because they were not RCTs, presented duplicate
data of other RCTs included in the systematic review,
did not report the outcomes of interest, or presented
the results of laparoscopic rectal resections during
the surgeon’s learning curve. No additional study
was identified through the manual search, reference
lists crosschecks, grey literature or on ClinicalTrials.
gov. Finally, 14 eligible articles were found and were
included in the qualitative and quantitative analyses.
The flowchart of the literature search and the study
selection process is shown in Figure 1.

The 14 selected studies were published between
2003 and 2015. They included patients who had
surgery between September 1993 and November 2014.
Nine studies were performed in single centers™’**,

Baishidenge ~ WJG | www.wjgnet.com

whereas 5 were multi-centric studies®®%!, Overall,

these studies analyzed a total of 4132 patients who
underwent either open (n = 1819) or laparoscopic (n
= 2313) rectal resections. In this latter group, 13.8%
of patients (range: 0%-33.9%) required a conversion
from laparoscopy to open surgery. Table 1 displays the
baseline characteristics of patients who underwent LRR
or ORR.

Intraoperative outcomes

Mean operative time was significantly longer, the
estimated blood loss and the mean incision length
significantly lower for LRR than ORR (Figure 2A-C).
Conversely, no significant differences were observed for
ureteric or gastrointestinal injury rates, or for overall
intraoperative morbidity (Table 2).

Postoperative outcomes

The mean length of hospital stay was reported in 12
studies™**?®!, The overall MD was -1.71 d (95%CI:
-2.84 to -0.58, P < 0.003) in favor of laparoscopy,
with a high heterogeneity (I = 90%). Bowel recovery,
described as the day of the first bowel movement,
was reported in 9 studies!>>%7?*?*?¢ The overall MD
was -0.68 d (95%CI: -1.00 to -0.36, P < 0.00001)
in favor of laparoscopy, with a high heterogeneity
(I’ = 79%) (Figure 2D and E). Anastomotic leak™™
17192123241 - hostoperative morbidity®®7"**?>?% and
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A Laparoscopy Open Meta difference Meta difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI  Year 1V, random, 95%CI
Zhou 2004 120 18.33 82 106 25 89 9.8% 14.00 [7.46, 20.54] 2004 -
Barga 2007 262 72 83 209 70 85 6.7% 53.00 [31.52, 74.48] 2007 —_—
Ng 2008 213.5 46.2 51 163.7 43.4 48  7.6% 49.80 [32.15, 67.45] 2008 —e
Ng 2009 213.1 59.3 76 154 703 77 6.9% 59.10 [38.50, 79.70] 2009 —
Lujan 2009 193.7 45.1 101 172 59.4 103 8.3% 21.70 [7.24, 36.16] 2009 —
Liu 2010 161 35 98 140 20 88 9.6% 21.00 [12.91, 29.09] 2010 ——
Kang 2010 244.9 75.4 170 197 62.9 170 8.2% 47.90 [33.14, 62.66] 2010 —
Liang 2011 138.08 23.79 169 118.53 21.99 174  10.0%  19.55[14.70, 24.40] 2011 =
van der Pas 2013 240 85.92 699 188 66.66 345 9.3% 52.00 [42.51, 61.49] 2013 —
Ng 2014 211.6 53 40 153 411 40 6.9% 58.60 [37.82, 79.38] 2014 —
Stevenson 2015 210 66.67 238 190 59.25 235 9.0%  20.00[8.64,31.36] 2015 —
Fleshman 2015 266.2 101.9 240 220.6 92.4 222 7.6% 45.30 [27.88, 63.32] 2015 ——
Total(95%CI) 2047 1676  100.0% 36.67 [27.22, 46.11] -
Heterogeneity. Tau® = 225.21; »° = 96.98, df = 11 (P < 0.00001); /* = 89% ! ! ! !
Test for overall effect: 27 = 7.61 (P <0.00001) -50 25 0 25 50
Favours laparoscopy Favours open
B Laparoscopy Open Meta difference Meta difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI Year 1V, random, 95%CI
Zhou 2004 20 19.1 82 92 25 89 157% -72.00 [-78.64, -65.36] 2004 .
Barga 2007 213 236 83 396 367 85 5.9% -183.00[-276.09, 89.91] 2007 —
Ng 2008 321.7 750 51 555.6 1180 48  0.5% -233.90 [-626.08, 158.28] 2008
Lujan 2009 127.8  113.3 101 234.2 174.3 103 12.0% -106.40 [-146.67, -66.13] 2009 -
Ng 2009 280 500 76 337.3 423.67 77  3.0%  -57.30[-204.24, 89.64] 2009 —
Kang 2010 200 148.15 170 2175  185.18 170 12.7%  -17.50 [-53.15, 18.15] 2010 -
Liu 2010 310 96 98 380 85 88 14.0% -70.00 [-96.01, -43.99] 2010 -
van der Pas 2013 200 192.59 699 400 370.35 345 11.8% -200.00 [-241.61, -158.39] 2013 -
Ng 2014 141.8 500 40 361.1 623.75 40 1.2% -219.30 [-467.04, 28.44] 2014 «— - |
Fleshman 2015 256.1  305.8 240 3184 3317 222 9.5%  -62.30[-120.62,-3.98] 2015 —
Stevenson 2015 100 11111 238 150 181.48 235 13.8%  -50.00 [-77.16, -22.84] 2015 -
Total(95%CI) 1878 1502  100.0% -88.80 [-117.25, -60.34] -
Heterogeneity. Tau® = 1335.06; > = 58.16, df = 10 (P < 0.00001); / = 83% ‘ : —
Test for overall effect: Z = 6.12 (P <0.00001) -200 -100 0 100 200
Favours laparoscopy Favours open
C Laparoscopy Open Meta difference Meta difference
Study or subgroup Mean SD Total Mean SD Total  Weight 1V, random, 95%CI  Year 1V, random, 95%CI
Barga 2007 58 0.8 83 19.1 3.1 85 20.1%  -13.30[-13.98, -12.62] 2007 -
Liu 2010 6 1 98 17 2 88 20.2% -11.00 [-11.46, -10.54] 2010 -
Kang 2010 5 1.15 170 20 3.7 170 20.2% -15.00 [-15.58, -14.42] 2010 -
Stevenson 2015 6 333 238 13 4.44 235 20.1% -7.00 [-7.71, -6.29] 2015 -
Fleshman 2015 7 5.7 240 16.5 8.4 222 19.4% -9.50 [-10.82, -8.18] 2015 —_
Total(95%CI) 829 800 100.0% -11.17 [-13.88, -8.47] -
Heterogeneity. Tau® = 9.36; »° = 333.13, df = 4 (P < 0.00001); /* = 99% L L L
Test for overall effect: Z = 8.09 (# <0.00001) 20 -10 0 10 20
Favours laparoscopy Favours open
D Laparoscopy Open Meta difference Meta difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95%CI Year IV, Random, 95%CI
Zhou 2004 8.1 3.1 82 13.3 3.4 89 9.9% -5.20 [-6.17,-4.23] 2004 —
Guillou 2005 11 4.44 253 13 6.66 128  9.4% -2.00[-3.28,-0.72] 2005 o
Barga 2007 10 4.9 83 13.6 10 85 7.2% -3.60 [-5.97,-1.23] 2007 —_—
Ng 2008 10.8 5.5 51 11.5 8.25 48 6.5% -0.70 [-3.48, 2.08] 2008 —_—
Ng 2009 8.4 5 76 10 6 77 8.5% -1.60[-3.35, 0.15] 2009 —
Lujan 2009 8.2 7.3 101 9.9 6.8 103 8.1% -1.70[-3.64, 0.24] 2009 —
Liu 2010 12 2 98 15 3 88  10.2% -3.00[-3.74,-2.26] 2010 -
Kang 2010 8 3.73 170 9 2.96 170 10.2% -1.00[-1.72,-0.28] 2010 —
van der Pas 2013 119 11.8 684 12.1 10.6 337 9.1% -0.20[-1.64, 1.24] 2013 ]
Ng 2014 10.5 7.5 40 15 40.25 40 0.7% -4.50 [-17.19, 8.19] 2014
Fleshman 2015 7.3 5.4 240 7 3.4 222 10.1% 0.30[-0.52, 1.12] 2015 -
Stevenson 2015 8 4.44 238 8 4.44 235 10.1% 0.00[-0.80, 0.80] 2015 ——
Total(95%CI) 2116 1622 100.0% -88.80 [-117.25, -60.34] -
Heterogeneity. Tau® = 3.10; 7* = 112.33, df = 11 (P < 0.00001); /* = 90% — N
Test for overall effect: Z = 2.97 (P = 0.003) 4 -2 0 2 4

Favours laparoscopy Favours open
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E Laparoscopy Open Meta difference Meta difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95%CI Year 1V, random, 95%CI
Zhou 2004 1.5 1.3 82 2.7 1.5 89 12.7% -1.20[-1.62,-0.78] 2004 —

Guillou 2005 5 2.22 253 6 2.22 128  12.0% -1.00[-1.47,-0.53] 2005 —_—

Ng 2008 4.3 5.25 51 6.3 2.75 48 3.1% -2.00[-3.64, -0.36] 2008 <=———

Ng 2009 4.1 1.5 76 4.7 1.83 77  11.3% -0.60[-1.13,-0.07] 2009 E

Liang 2011 3.9 0.85 169 4.24 0.79 174  15.6% -0.34[-0.51,-0.17] 2011 -

van der Pas 2013 2.9 3.8 660 3.7 3.6 333 11.9% -0.80[-1.28,0.32] 2013 ——

Ng 2014 3.1 2 40 3.1 2.25 40 6.8%  0.00[-0.93,0.93] 2014 _—
Stevenson 2015 2 1.48 234 2 2.22 233  13.7% 0.00 [-0.34, 0.34] 2015 —1—
Fleshman 2015 2 2.5 240 3 2 222 12.8% -1.00[-1.41,-0.59] 2015 —
Total(95%CI) 1805 1344 100.0% -0.68 [-1.00, -0.36] -
Heterogeneity. Tau’ = 0.16; z* = 37.97, df = 8 (P < 0.00001); /* = 79% . . . .

Test for overall effect: Z7 = 4.16 (P < 0.0001)

-2 -1 0 1 2
Favours laparoscopy Favours open

Figure 2 Forest plots of short-term outcomes showing significant differences between laparoscopic rectal resection and open rectal resection. A:
Operative time; B: Estimated blood loss; C: Incision length; D: Length of hospital stay; E: Bowel recovery.

mortality™ % rates showed no significant differences
between LRR and ORR (Table 2).

Sensitivity analysis

Sensitivity analyses performed to test the impact of
using fixed-effect models showed the same results
for all variables that for random effect models.
Subgroup analysis was also performed by including
the four largest multi-centric trials only (namely, the
ACOSOG Z6051, AlaCaRT, COLOR 11, and COREAN
trials®®). These 4 studies comprised 2319 patients
(56.2% of the total). Although being a high-populated
multi-centric RCT, the UK MRC-CLASICC trial® was
not included in the sensitivity analysis because it
was conducted in the early years of laparoscopic
surgery and included both colon and rectal cancers.
The estimated blood loss and the length of incision
were significantly lower with an operative time that
was significantly higher for LRR compared with
ORR, but the heterogeneity remained high. For the
postoperative variables, the length of hospital stay and
bowel recovery did not reach statistical significance in
favor of LRR. Heterogeneity decreased to moderate for
length of hospital stay and remained high for bowel
recovery (Table 2).

Study quality assessment

The assessment of study quality and the risk of bias,
according to the Cochrane Collaboration tool for RCTs,
are shown in supplemental table 1. Overall, 10 studies
were classified as a low risk of bias®®*"%?>?¢! 1 at an
unknown risk of bias®* and 3 studies at a high risk of
bias!*®?*?*1, By applying the GRADE system, the overall
quality of the evidence was rated as high.

DISCUSSION

This systematic review and meta-analysis focuses on
the short-term clinical outcomes of laparoscopic vs
open resection for the treatment of rectal cancer and
shows that there are no differences in postoperative

Baishidenge ~ WJG | www.wjgnet.com
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morbidity and mortality between the two approaches.
However, LRR is associated with significantly longer
operative time, lesser blood loss, and smaller incision
than ORR. The length of hospital stay and the time
to bowel recovery are shorter for LRR in the overall
analysis but are not significantly different when
considering the major RCTs only.

Previous meta-analyses have reported contrasting
results about the benefits associated with the use of
laparoscopy for rectal cancer instead of conventional
open surgery. In 2013, Arezzo et al”” analyzed 8 RCTs
and 15 non-RCTs and showed a significantly lower
postoperative mortality and morbidity in LRR than
ORR. A more recent meta-analysis by Zhao et a/*®
and the latest Cochrane review”, both based on RCTs
only, showed no differences in overall morbidity and
mortality. However, they found better outcomes for
laparoscopy in terms of blood loss, length of hospital
stay, wound infection, and bowel recovery compared
to open surgery. Noticeably, the above-mentioned
meta-analyses were performed before the two largest
and most recent RCTs being published, namely the
ACOSOG 76501 and ALaCaRT trials™®, which did
not confirm the non-inferiority of laparoscopy and
questioned the oncological safety of laparoscopy
for rectal cancer. Indeed, the topic remains highly
debated. Two recent meta-analyses published by
Chen et al® and by Zheng et al”! were performed to
assess the outcomes of laparoscopy vs open surgery
by including data from RCTs and non-RCTs. The
study by Chen et a/® demonstrated longer operative
time, lesser blood loss, lesser overall complications,
faster bowel recovery, shorter hospitalization, and
major distal resection margin for laparoscopic surgery
than open surgery™. However, there was found a
considerable and arbitrary lack of data from the
most populated RCTs®® (which represented more
than 50% of the patients included) for all the short-
term variables analyzed, such as distance of distal
resection margin®*®, CRM involvement, lymph
node harvest™, operative time*®, hospital stay™*,
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to an increased susceptibility of infections and cancer
recurrence. Thus, minimizing blood loss, and the
consequent risk of blood transfusion by meticulous
and gentle dissections in the anatomical planes,
may contribute to better outcomes of oncological
surgery. However, it remains to be assessed whether
the difference observed between the two surgical
approaches (i.e., 88.80 mL) is clinically relevant, and
may potentially impact on the postoperative and long-
term outcomes.

Other markers of surgical quality are the po-
stoperative complication rates and the time to bowel
recovery. Based on the pooled data analyses from
the major RCTs"®, laparoscopy was not associated
with a significantly different incidence of postoperative
complications, time to bowel recovery or hospital stay
compared to open surgery. Concerning bowel recovery,
it can be measured with multiple clinical variables,
such as the time to the first flatus, the time to a liquid
or solid diet, or the time to the first bowel movement.
Globally, bowel recovery was not significantly different
between LRR and ORR but it must be noted that
benefits in at least one of the recovery variables
considered (e.g., time to flatus or time to regular diet)
were found in all RCTs. Thus, caution should be paid
before drawing definitive conclusions; differences
among studies did not allow pooling data for all
variables (e.g., the COREAN study'™ expressed bowel
recovery in hours rather than days and could not be
included in the meta-analysis), except for the time
to first bowel movement. Despite the non-significant
results in the sensitivity analysis, bowel recovery is
probably faster after LRR than ORR, but further studies
are needed to confirm this finding.

The evidence emerging from this systematic review
and meta-analysis can be considered of high quality
since it is based exclusively upon RCTs®®, most of
which with low risk of bias. However, some limitations
must be acknowledged. The pooled data analyses
showed high degrees of heterogeneity; this may be
linked to multiple factors, such as different sample size
(e.g., some studies presented less than 100 patients
per group!’*#2 %21y " different tumor characteristics
(e.g., only upper™ or lower rectal cancer”*), and
different study designs (e.g., non-inferiority study)
or protocols. For instance, neoadjuvant treatments
were not performed in all studies, and therapies
were not standardized. It has been hypothesized
that major pathologic responses might translate into
greater postoperative morbidities because of the
effects of neoadjuvant chemoradiation therapy on
pelvic tissues™”). To date, only a few studies have ad-
dressed the influence of the pathologic response to
neoadjuvant chemoradiation therapy on intraoperative
and short-term morbidity, with contrasting results®’*%,
but its impacts could neither be confirmed nor ruled
out in this meta-analysis. Finally, the results of this
meta-analysis cannot be generalized to the application
of LRR and ORR for all types of rectal cancer. Indeed,
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T4 rectal cancers were excluded from most of the
studiest>*¢7*92>231 Thys, the outcomes of laparoscopy
for this specific subset of tumors cannot be assumed,
although a recent propensity score-matched study
showed that LRR also achieved similar outcomes to
ORR in pT4 rectal cancer patients'".

The short-term benefits of laparoscopy must be
counterbalanced with its safety. Indeed, uncertainty
persists concerning the oncological appropriateness
of laparoscopy for rectal cancer. A recent meta-
analysis® focused on the pathologic outcomes of LRR
vs ORR and showed that LRR was associated with a
significantly higher rate of non-complete mesorectal
excision compared with ORR, which represents a
critical issue on the choice of the surgical approach.
Innovative techniques, such as transanal-TME and
robotics, are receiving worldwide attention in the
latest years and they may represent a valuable
alternative to laparoscopy, especially if they are
proved to be oncologically safe, clinically advantageous
for the patient, and maybe less challenging for the
surgeon™*!, Nevertheless, data on the long-term
outcomes of the ongoing RCTs are pending and they
may be crucial in the definitive assessment of the role
of laparoscopy in rectal cancer resection.

In conclusion, LRR and ORR show similar rates
of intra- and postoperative complications, as well as
morbidity and mortality. However, LRR is associated
with a significantly higher operative time, lesser blood
loss, and smaller incision length than ORR.

ARTICLE HIGHLIGHTS

Research background

Laparoscopy is widely used for the resection of rectal cancer. The associated
short-term benefits for the patient (e.g., fewer postoperative morbidity) have
been highlighted in several studies, but with contrasting results. We conducted
a systematic review and meta-analysis by selecting only randomized clinical
trials (RCTs) that evaluated the short-term clinical outcomes of laparoscopic
rectal resection (LRR) vs open rectal resection, (ORR) in patients with rectal
cancer.

Research motivation

The short-term advantages of laparoscopic rectal resection remain under
debate due to controversial results, especially when analyzing the most recent
RCTs. Pooled data analyses of the available literature represents the best
way to summarize the current evidence and support the development and
widespread of the most advantageous surgical approach.

Research objectives

The main objective of the present systematic review and meta-analysis was
to analyze the current literature of RCTs on the surgical treatment for rectal
cancer to compare the short-term outcomes of laparoscopy vs open surgery.
The analysis of the literature has also highlighted the level of evidence and risk
of bias inherent in the available studies, which should be used to design future
research on the treatment of rectal cancer.

Research methods

This is a systematic literature review and meta-analysis that was conducted
by following the guidelines of the Cochrane Collaboration as well as the
Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA)
statements checklist. Literature search was performed on different databases
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for articles published in English from January 1, 1995 to June, 30 2016.
Random-effect models were used to estimate mean differences and risk ratios
between LRR and ORR. The robustness and heterogeneity of the results were
explored by performing sensitivity analyses.

Research results

Overall, 14 RCTs were analyzed. The mean operative time was longer for LRR
than ORR, whereas the mean estimated blood loss and the mean incision
length were lower for LRR than ORR. No differences between the two surgical
approaches were found in postoperative mortality, morbidity, length of hospital
stay, and time to bowel recovery. Although the overall quality of evidence was
judged as high, not all the studies evaluated the same parameters. Thus, future
research should use standardized definitions of postoperative outcomes in
order to increase comparability and decrease heterogeneity among studies.

Research conclusions

LRR is associated with lesser blood loss, smaller incision length, and
longer operative times compared to ORR. No differences are observed
for postoperative morbidity and mortality. The short-term advantages of
laparoscopic rectal resection are mainly represented by a significantly lower
intraoperative blood loss and better cosmetic results compared to open surgery.
The overall level of evidence supporting these findings is high.

Research perspectives

Further studies should evaluate alternative minimally-invasive surgical
techniques (e.g., transanal TME or Robotics) and compare them with
laparoscopic and open approaches.
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