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Abstract

Background

This review of cancer outcomes is based on key literature searches of the medical databases and
meta-analysis of short-term benefits of laparoscopy in rectal cancer treatment.

Methods

We carried out a systematic review of randomized clinical trials (RCTs) and prospective non-
randomized controlled trials (non-RCTs) published between January 2000 and September 2013
listed in the MEDLINE and EMBASE databases (PROSPERO Registration number:
CRD42013005076). The primary endpoint was clearance of the circumferential resection margin.
Meta-analysis was performed using a fixed-effect model, and sensitivity analysis by a random-
effect model; subgroup analysis was performed on subsets of patients with extraperitoneal cancer of
the rectum. Relative risk (RR) and mean difference (MD) were used as outcome measures.

Results

Twenty-seven studies (10,861 patients) met the inclusion criteria; eight were RCTs (2,659 patients).
The RCTs reported involvement of the circumferential margin in 7.9 % of patients who underwent
laparoscopic and in 6.9 % of those undergoing open surgery; the overall RR was 1.00 (95 %
confidence interval 0.73—-1.35) with no heterogeneity. Subgroup analysis of patients with
extraperitoneal cancer showed equivalent involvement of the circumferential margin in the two
treatment groups. Although significantly more lymph nodes were retrieved in the surgical specimen
after open surgery, the MD of —0.56 was of marginal clinical significance. The sensitivity and
subgroup analyses revealed no other significant differences between laparoscopic and open surgery
in the rate of RO resections, distal margin clearance, mesorectal fascia integrity, or local recurrence
at 5 years.

Conclusions

Based on the evidence from RCTs and non-RCTs, the short-term benefit and oncological adequacy
of laparoscopic rectal resection appear to be equivalent to open surgery, with some evidence
potentially pointing to comparable long-term outcomes and oncological adequacy in selected
patients with primary resectable rectal cancer.
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The prognosis of rectal cancer patients has dramatically changed with the introduction of total
mesorectal excision (TME), which has significantly reduced local recurrence of rectal cancer [/]
and improved long-term survival [2]. In a recent systematic review and meta-analysis, we reported
lower mortality and morbidity after laparoscopic as compared to open surgery for rectal cancer [3],
also on subgroup analysis of extraperitoneal cancers [4]. Although laparoscopic resection of colon



cancer has gained wider acceptance [5-8], its role in the treatment of rectal cancer remains
controversial. Several reports published during the last decade have demonstrated the feasibility of
laparoscopic TME in expert centers, but consistent data on short- and long-term oncological
outcomes are still lacking.

Open rectal resection combined with TME is the mainstay of treatment for rectal cancer. Recent
randomized controlled trials (RCTs) have investigated the oncological adequacy of laparoscopic
rectal resection and TME as compared to open surgery in terms of local recurrence and long-term
survival rates. Insofar as laparoscopic resection may provide equivalent oncological outcomes to
open rectal resection for rectal cancer, it might be argued that laparoscopy, because of its minimal
invasiveness, could be the preferred approach in selected cases.

This systematic review and meta-analysis were designed to compare the oncological outcomes of
patients treated with laparoscopy or open surgery for rectal cancer and to determine whether
laparoscopy offers improved short-term outcomes or at least equivalent long-term outcomes as
compared with open resection.

Materials and methods

The methods for the analysis and generation of inclusion criteria were based on the
recommendations of the Preferred Reporting Items for Systematic reviews and Meta-Analysis
(PRISMA) Statement [9]. On the basis of population, interventions, comparators, outcome
measures, and setting (PICOS) criteria, patients were included if affected with rectal cancer for
which laparoscopic or open resection was indicated. The study methods were documented in a
protocol registered and accessible at http://www.crd.york.ac.uk/prospero/ (Registration number:
CRD42013005076).

Types of studies

As recommended by the Meta-analysis of Observational Studies in Epidemiology (MOOSE) group
[70], only randomized controlled trials (RCTs) or prospective controlled clinical trials (non-RCTs)
were considered. Studies were excluded if the study population included colon cancers, unless the
data were presented separately. When multiple studies from the same institution were identified, the
most recent or the most informative was selected. Only full-text papers in English were considered.

Types of intervention

All surgical procedures involving resection of the rectum were considered, including rectal anterior
resection (RAR), Hartmann’s resection (HR), and abdominoperineal resection (APR). The types of
intervention were noted in order to separately analyze those in which bowel anastomosis was
performed. Rectal resections were grouped as either laparoscopic procedures via a mini-invasive
approach (i.e., in a space generated by an insufflated pneumoperitoneum with operative field
visualization by video laparoscopy and performed using only laparoscopic trocars) or open or
conventional surgery via an abdominal midline incision.

Types of outcome measures

The primary endpoint was clearance of the circumferential resection margin (defined as positive
when <1 mm in the binary outcome analysis). The secondary endpoints were short-term and long-
term oncological outcomes: number of lymph nodes harvested; distal margin clearance (defined as



the distance between the distal margin of bowel resection and the tumor); distal margin (defined as
positive when <1 mm in the binary outcome analysis); circumferential margin clearance (defined as
the distance between the circumferential margin of bowel resection and the tumor); RO resection
rate (defined as the rate of lesions excised with margins free of disease); mesorectal fascia integrity
as assessed by the pathologist; and local recurrence rate at 5 years.

Search strategy and data collection

We searched the MEDLINE and EMBASE databases for articles published between January 2000
and September 2013. The search terms included the following and words derived from the
following: (rect* OR colorect*) AND (neoplas* OR adenocarcinoma OR carcinoma OR cancer)
AND [laparoscop* OR (minima* AND invasive AND surgery) OR therapy] AND (anterior OR
abdominoperineal AND resection OR proctectomy) OR (total AND mesorectal AND excision)
AND (2000-2013)/py AND (humans)/lim. The literature search was closed on October 1, 2013.

All retrieved abstracts were screened by two authors (AA and AS) independently; when an abstract
was deemed relevant by at least one of them, the full-text version was retrieved. The reference lists
were manually searched for potentially relevant studies for inclusion.

Data extraction was carried out in duplicate independently by two authors (AA and AS).
Disagreements were resolved by discussion with a third author (SA). The following data were
collected when available: study features, patient characteristics [gender, age, body mass index
(BMI)], American Society of Anesthesiologists (ASA) class, cancer localization and stage,
neoadjuvant therapy, type of procedure, data for study quality assessment, and the outcome
measures.

Assessment of risk of bias

All studies meeting the selection criteria were assessed for methodological quality according to the
Cochrane Collaboration guidelines [//] for RCTs and to the Newcastle-Ottawa Scale for non-RCTs
[72]. Assessment was performed by three reviewers (AA, AS, and SA); disagreements were
resolved by discussion. In order to assess comparability of treatment groups at baseline, a single-
proportion meta-analysis was performed for tumor stage, neoadjuvant therapy, and loop ileostomy
[Z3].

Statistical analysis

All analyses were carried out according to original treatment allocation (intention-to-treat analysis).
For binary outcome data, the relative risk (RR) and 95 % confidence intervals (CI) were estimated
using the Mantel-Haenszel method; a RR <1 was in favor of laparoscopy. For continuous outcome
data, the mean differences and 95 % CIs were estimated using inverse variance weighting; a
negative MD was in favor of laparoscopy. When means and/or standard deviations (SDs) were not
reported in the original paper, they were estimated from the reported medians, ranges, and sample
size, as described by Hozo [/4]. The exact RR or MD for each analysis, both overall and by RCT
and non-RCT, are reported as Forest plots, together with the relative CI for statistical significance.
A fixed-effects model was used in all meta-analyses; the same analyses were repeated using a
random-effects model [/5]. Publication bias was assessed by generating a funnel plot and
performing a linear regression test for funnel plot asymmetry. Heterogeneity was assessed by the | 2
measure of inconsistency, which was statistically significant if I *> 50 %. A fixed-effects model
was primarily used; a random-effects model was used for the sensitivity analysis.



Potential sources of heterogeneity were explored using sensitivity analyses: comparison of fixed-
versus random-effects models (thus incorporating heterogeneity using the latter method); subgroup
analyses (to compare RCTs vs. non-RCTs and evaluate the subsets of patients with extraperitoneal
cancer of the rectum separately); analysis of cumulative (sequentially including studies by date of
publication); and influence meta-analyses (calculating pooled estimates by omitting one study at a
time). R meta package, version R 3.0.2, was used for all analyses [15].

Results

Study selection

The database search retrieved 6,124 studies. Figure 1 illustrates the PRISMA flowchart for study
inclusion and exclusion criteria.

Fig. 1
Flowchart diagram illustrating paper selection process



Characteristics of studies

The characteristics of the 27 studies meeting the inclusion criteria are summarized in Table 1 [6,
16—41]. All studies were reported as full papers and included a total of 10,861 patients: Eight
studies were RCTs (2,659 patients), and 19 were non-RCTs (8,202 patients). Because the study by
Guillou et al. [6] included patients with colorectal carcinoma, only the data referring to rectal cases

were collected.
Table 1

Summary of the studies included in the systematic review and meta-analysis

Author and |Country
publication and study
year period

non-RCT

Hong-Kong
Leung [26] |Jan 1993—
Jan 1996

Germany
Anthuber Jan 1996—
[27] March

2002

China
Wu [16] Apr 2002-
May 2003

Netherlands
LAP: Oct
2000~

Breukink March

[17] 2003;
OPEN: Apr
1996-Nov
2001

Italy
Morino [/8] |Apr 1994—
Apr 2002

France
Sept 2000—
Sept 2003

Bretagnol
[38]

Hong-Kong
Law [28] June 2000—
Dec 2004

France
LAP: Jan
2002—-Oct

Lelong [29] 2004,
OPEN: Jan
1998-Dec
2000

Netherlands
LAP: Apr
2002—-Nov
2005;
OPEN:
Febr 1999—
Apr 2002

Veenhof
[19]

Strohlein Germany
[31] 1998-2005

Greece
Koulas [24] |Oct 1998—
Dec 2006

France
LAP:
2000-2006

Laurent
[22]

Inclusion
criteria

Low rectal
cancer

Primary rectal
cancer

N/A

Primary rectal
cancer after
preoperative
radiotherapy

Rectal
cancer <12 cm
from AV

Rectal
cancer <12 cm
from AV

Rectal cancer
8-20 cm from
AV

Primary rectal
cancer <15 cm
from AV

Rectal
cancer <17 cm
from AV

Rectal
cancer <16 cm
from AV

Rectal
cancer <17 cm
from AV

Rectal
cancer <15 cm
from AV

Exclusion |Eligible

criteria

2,4,7,9,
12

2,9,19

9,19

2,9,12,
19

6,9, 16

2,15

2,9, 14,

20

N/A

1,4,9,
11, 14,
15, 16,
18,20

4,6,9,
12,15, 16

LAP

patients [SUTEETY

59

435

36

82

191

288

265

172

100

389

117

471

patients

25

101

18

41

98

144

98

104

50

114

57

238

Open
surgery
patients

34

334

18

41

93

144

167

68

50

275

60

233

Gender (M/F)

Lap Open

15/10  |21/13

59/42  1236/98

9/9 10/8

25/16  |23/18

59/39  |57/36

88/56  |88/56

68/30  |112/55

N/A N/A

28/22  |32/18

72/42  163/112

33/24  |35/25

140/98 |156/77

Age (mean + SD)

Lap

6224133 63.5+15.2

61.6+11.1 61.7+11.0

524+£79

68*

64.9

63

69*

N/A

67*

65.0+9.9

63.8+12.7

66.0

Open

54.1+£6.8

70%

61.4

63

70%

N/A

64.5%

655+11.3

68.9£12.6

67.3

BMI (mean + SD)

Lap Open
N/A N/A
269+3.6(262+42
N/A N/A
25% 25%
N/A N/A
24 N/A
N/A N/A
N/A N/A
25% 26%*
N/A N/A
23.0 25.0
24.0 25.0

Conversion
rate (%)

8.0

10.9

9.8

18.4

14

12.2

14.4

8.0

21.9

7.0

15.1



Ault)lll.orte.md Co:lln:rﬁ Inclusion Exclusion |Eligible LAP Open | Gender (M/F) Age (mean x SD) BMI (mean = SD)  |conversion
publication jand study | crjteria criteria atients |SUTSEry surgery rate (%
year period P patients patients Lap Open Lap Open Lap Open (%)
OPEN:
1994-1996
Khaikin USA Rectal
120] Nov 2004— |cancer <I15cm |6,7,9, 16 |82 32 50 13/19  130/20 56.3 63.7 253 29.1 12.5
July 2006  |from AV
USA Rectal 4.5.6.9
Baik [33] Sept 2001- |cancer<12cm |~ 7" |162 54 108 37/17  62/46 60.0 £ 12.7 160.6 + 13.6 27.3+4.2 289 +5.2 |11.1
14
Sept 2005  |from AV
Jefferies UK Low rectal
Feb 2007- 1,6,9 41 16 25 10/6 24/1 67 71 N/A N/A 12.5
[41] cancer
June 2010
Seshadri India Middle and 1.2.9
Jan 2004—  |low rectal e 144 72 72 47/25 145127 48%* 48%* 21% 22% 4.2
[40] 11, 15,20
Jan 2010 cancer
Australia
McKay [34] |Jan 2001- |Rectal cancer 2,3,6,9 |545 157 388 108/49 1271/117 |67.3£12.5(65.7+12.2 26.9+6.4 269+5.3 (8.3
Dec 2008
Carcinomas
Kellokumpu |Finland growing 6,9, 16,
35] 19992006 | within the 13 191 100 91 65/35 165/26 66.5+11.8 68.0+10.2 254 +3.1{259+4.6 22
mesorectum
Spain Rectal
Lujan [36] |2006-July |cancer <15cm |2, 12 4405 1387 3018 903/484 12022/996 66.4 +£13.2 |67.5 £ 13.4 |N/A N/A 17.4
2003 from AV
RCT
UK Cancer of the 2.3.4.5
Guillou [6] |July 1996— |colon and 6’ * 7T 1381 253 128 N/A N/A N/A N/A N/A N/A 324
July 2002 |rectum
Italy 2.9 13
Braga [30] |Not Rectal cancer M ’17 > 168 83 85 55/28  |64/21 62.8 +£12.6 65.3+10.3 N/A N/A 7.2
reported ’
Hong-Kong |Rectal 279
Ng [32] July 1994 — |cancer <5 cm IE) ’11’ 99 51 48 3120  |30/18 63.7+11.8 63.5+12.6 N/A N/A 9.8
Febr 2005 |from AV ’
Spain Mid and low
Lujan [23] |Jan 2002- 2,9,15 204 101 103 62/39  64/39 67.8+12.9 66.0+9.9 N/A N/A 7.9
rectal cancer
Feb 2007
i(:;fag Rectal 2,4,5,9
Kang [25] cancer<9cm |77, 7" |340 170 170 110/60 110/60 |57.8 £11.1 (59.1+£9.9 [24.1+3.224.1+£32 (1.2
Apr 2006— from AV 14,16
Aug 2009
China 2,11, 16,
Liang [2/] |May 2004— Rectal cancer |17, 18, 343 169 174 104/65 192/82 57.3*% 57.4% 21.5% 22.3% 0.6
Apr 2008 19,20
Europe Rectal

?;2‘7’]‘ derPas |\ h2004- lcancer<iScm 2,9,16 1044|699 345 448/251 211/134  66.8 = 10.5 [65.8 £ 10.9 26.1 +4.5 [26.5 + 4.7 |17
May 2010 from AV

Rectal

cancer >5 2,4,7,9,
<12 cm from 11,19
AV

Hong-Kong
Ng [39] Aug 2001-
Aug 2007

80 40 40 24/16  |22/18 602+ 11.3|62.1 +12.6 23.1+34224+32 75

AV anal verge, LAP laparoscopic, OPEN laparotomic, N/A not available

1 = neoplasm other than adenocarcinoma (e.g., lymphoma); 2 = emergency situations (e.g., acute
obstruction, hemorrhage, perforation); 3 = contraindications to pneumoperitoneum; 4 = malignant
diseases in the past 5 years or synchronous adenocarcinoma; 5 = pregnancy; 6 = associated
gastrointestinal diseases needing surgical intervention; 7 = recurrent disease; 8 = lowest margin of
tumor within 1.5 cm above the dentate line; 9 = Dukes stage D or T4 TNM stage; 10 = tumor larger
than 6 cm; 11 =patients unwilling to take part in the study; 12 =local surgery candidates;
13 =age <18 or >80 years; 14 =respiratory dysfunction, cardiovascular dysfunction, hepatic
dysfunction, ASA IV; 15 =familial adenomatous polyposis; 16 =presence of metastases;



17 = ongoing infections, low plasma neutrophil levels; 18 = BMI >30 kg/m?; 19 = previous colon or
rectal surgery and/or previous neoadjuvant chemotherapy; 20 = previous abdominal surgery

* Median value

Table 2 presents the baseline characteristics of patients undergoing laparoscopic or open rectal
resection. Tumor location and stage, use of neoadjuvant therapy, and percentage of diverting
ileostomy are reported in Table 3.

Table 2

Comparison of baseline patients characteristics

Number of patients Gender (M/F)* Mean age, years Mean BMI Kg/m2
LAP Open LAP Open LAP Open LAP |Open
Non-RCT 2933 5269 1779/1023 3452/1749 62,4 66,1 25,4 26.1
RCT 1566 1093 834/479  593/372 60,4 63,2 22,3 22.9
Overall 4499 6362 2613/1502 4045/2121 61,9 65,5 242 24.8

* Number of males and females are not equal to total number since the gender data were not
available in two studies (Guillou [6] and Lelong [29])
Table 3

Comparison of tumor location, cancer stage, neoadjuvant therapy, and protective ileostomy
Mean

Number of |distance from Tumor Tumor Neoadjuvant Protective
atients the anal stage, TO- stage, T3— |y by, %+ ileostomy, % **+
P T2, %% T4, %* Py, % Y
verge, cm

LAP Open LAP Open LAP Open LAP Open LAP Open LAP Open

Non-
RCT

RCT 1,566 1,093 5.11 5.24 53.7 48.1 463 519 364 34.0 53.7 48.1

Test for subgroup differences, random-effects single-proportion meta-analysis: * P = 0.806, **
P =0.170, *** P = 0.962

2,933 5,269 5.15 5.57 52.2 475 47.8 525 602 [59.8 52.2 47.5

Risk of bias of included studies

Assessment of quality according to the Cochrane Collaboration tool for assessing risk of bias for
RCTs and to the Newcastle-Ottawa Scale for prospective non-RCTs is presented in Tables 4 and 5,
respectively.

Table 4

Quality assessment of the included randomized controlled studies based on the cochrane
collaboration’s tool for assessing risk of bias

Blinding of

Author and  Random Allocation  participants,

Incomplete Selective  Other

publication sequence outcome outcome source
. concealment personnel and . .

year generation data reporting of bias

outcome

Guillou [6]  |Unclear Yes** Unclear Unclear Unclear Yes

Braga [30] Yes* Yes** Unclear Yes Yes Yes

Ng [32] Yes * Yes** Unclear Yes Yes Yes

Lujan [23] Yes* Yes** Unclear Yes Yes Yes

Kang [25] Yes* Yes** Yes*** Yes Yes Yes



Blinding of

Author and ' Random Allocation  participants,

Incomplete Selective | Other

publication sequence outcome outcome source
. concealment personnel and . .
year generation data reporting of bias
outcome

Liang [21] Unclear Yes** Yes*** Yes Yes Yes
Van der Pas Yes* Yes** No Yes Yes Yes
[37]

Ng [39] Yes* Yes** No No Yes Yes

In all cases, “Yes” indicates a low risk of bias, “No” indicates high risk of bias, and “Unclear”
indicates unclear or unknown risk of bias

* In Braga [30], Ng [32], Lujan [23], Kang [25], Van der Pas [37], and Ng [39] randomization
sequence were generated by a computer program

** In Guillou [6] and Kang [25], allocation concealment was done by telephone by the trial
coordinator; in Braga [30], Lujan [23], and Liang [2/] by means of sealed envelopes; in Ng [32]
and Ng [39] by an independent operating theater coordinator

*#%* In Kang [25], pathologists who examined the resected specimen were masked to patients’
allocation; in Liang [2]], patients were assessed for postoperative complications by a reviewer
unaware of patients’ allocation

Table 5

Quality assessment of the included non-randomized controlled studies based on the Newcastle-
Ottawa Scale

Selections Comparability Outcome assessment

Authors Score
1 2 3 4 5 6 7
Leung [26] * * *k * 5
Anthuber [27] * % [* % * * * 7
Wu [16] N NPT Fk * 8
Breukink [/7] O o o o * * 8
Morino [18] O Ol ol ol * * * 8
Bretagnol [38] * |[* [* * * * 8
Law [28] N NPT * * 7
Lelong [29] N NPT * * * 8
Veenhof [ /9] O O o *k * 7
Strohlein [31] O O o *k * * 8
Koulas [24] *O* ¥ * * 5
Laurent [22] ® Pk * 4
Khaikin [20] * k¥ * 4
Jefferies [41] O o * * 5
Seshadri [40] G O Lo ok ok * 8
McKay [34] O Ol ol ol * 6
Kellokumpu [35] * ¥ % [** wk * * 9
Lujan [36] O o * * 5



Selection: 1. Assignment for treatment (if yes, one point). 2. How representative was the
laparoscopic group in comparison with the general population undergoing rectal resections (if yes,
one point; no points if the patients were selected or selection of group was not described). 3. How
representative was the open group in comparison with the general population undergoing rectal
resections (if yes, one point; no points if the patients were selected or selection of group was not
described)

Comparability: 4. Group comparable for 1-3 (if yes, two points; one point if one of these three
characteristics was not reported even if there were no other differences between the two groups and
other characteristics had been controlled for; no points were assigned if the two groups differed). 5.
Group comparable for 4—7 (if yes, two points; one point if one of these four characteristics was not
reported even if there were no other differences between the two groups and other characteristics
had been controlled for; no points were assigned if the two groups differed)

Outcome assessment: 6. Clearly defined outcome of interest (if yes, one point for information
ascertained by medical records or interview; no points if this information was not reported). 7.
Follow-up equal between the two groups (if yes, one point; no points if follow-up not reported)
Comparability variables: 1=age, 2=gender, 3 =ASA, 4 =neoadjuvant/adjuvant therapy,
5 = tumor location, 6 = stage, 7 = procedure

The level of agreement among trials for the main outcome is displayed as a L’ Abbé plot (Fig. 2).
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Fig. 2

L’ Abbé plot of all trials to identify potential sources of heterogeneity in the primary outcome,
positive circumferential margin



Primary outcome

The meta-analysis investigated as primary outcome the involvement of the circumferential resection
margin (defined as positive when <1 mm). RCTs reported a positive circumferential margin in
7.9 % of patients who underwent laparoscopic and 6.9 % of those undergoing open surgery; the
overall RR was 1.00 (95 % CI 0.73-1.35) (Fig. 3) with no heterogeneity (I =0 %). After adding
the data from the non-RCTs, a positive circumferential margin was reported in 8.0 % of patients
who underwent laparoscopic and in 12.7 % of those undergoing open surgery; the overall RR was
0.68 (95 % CI 0.59-0.79; P < 0.001) (Fig. 3) with low heterogeneity (I 2=26.0 %). The sensitivity
analysis showed a significant difference between non-RCTs and RCTs (RR 0.62 vs. 1.00;
P =0.008). In the cumulative meta-analysis, the RR was generally around 1.0 from 2005 until 2012,
when Lujan et al. [36] published their results, which significantly shifted the RR in favor of the
laparoscopic technique.

Laparoscopy Open Positive CRM
Study Events Total Events Total . RR 95%-Cl W(fixed) W(random)
group = non-RCT H
Bretagnol 2005 9 144 8 144 ' 1.12 [0.45; 2.83) 1.9% 6.4%
Breukink 2005 3 M 5 4 060 [0.15;2.35] 1.2% 3.3%
Law 2006 3 98 & 167 064 [0.17;2.35] 1.4% 3.5%
Laurent 2009 16 238 11 233 1.42 [0.68, 3.00] 26% 8.9%
Baik 2011 1 54 T 108 0.29 [0.04; 2.26] 1.1% 1.5%
Seshadri 2011 1 72 T T2 0.14 [0.02;1.13] 1.6% 1.5%
Kellokumpu 2012 5 100 3 M 1.52 [0.37,6.17] 0.7% 31%
Lujan 2012 132 1387 492 3018 058 [049070) 722% 29.1%
Fixed effect model 2134 3874 0.62 [0.52;0.73) 8B2.7% -
Random effects model 0.75 [0.49; 1.13] - 67.3%
Heterogeneity: Fsquared=35.4%, tau-squared=0.1078, p=0.1461
group=RCT
Guillou 2005 30 253 14 128 1.08 [0.60;1.97] 4.3% 12.1%
Braga 2007 1 83 2 85 051 [0.05; 5.54] 0.5% 1.1%
Ng 2009 3 a1 2 48 1.41 [0.25; 8.09) 0.5% 2.1%
Lujan 2009 4 101 3 103 1.36 [0.31;5.92] 0.7% 28%
Kang 2010 5 170 ¥ 170 0.71 [0.23 2.21] 1.6% 4.6%
van der Pas 2013 56 HBB 30 300 095 [0.63;1.45) 9.3% 17.9%
Ng 2013 3 40 2 40 1.50 [0.26; 8.50] 0.5% 2.1%
Fixed effect model 1286 874 0.99 [0.73;1.35) 17.3% -
Random effects model 1.00 [0.73; 1.36] - 42.7%
Heterogeneity: Fsquared=0%, tau-squared=0, p=0.972
Fixed effect model 3420 4748 0.68 [0.59;0.79] 100% -
Random effects model 0.83 [0.64; 1.08] - 100%

Heterageneity: ksquared=26%, tav-squared=0.0515, p=0.1678

Fig. 3
Forest plot of positive circumferential margin

Secondary outcomes

The mean number of lymph nodes harvested was 13.1 in patients who underwent laparoscopic and
14.5 in those undergoing open surgery; the overall mean difference (MD) was —0.56 lymph nodes
(95 % CI —-1.09 to —0.03; P =0.038) (Fig. 4), with no significant difference between non-RCTs and
RCTs (MD —0.73 vs. —=0.32; P = 0.497) but with very large heterogeneity (I > = 88.0 %).



Laparoscopy Open
Study Total Mean SD Total Mean SD
group = nen-RCT
Leung 2000 52 100 73 34 120100
Anthuber 2003 101 153 55 334 219129
Wu 2004 18 78 17 18 82 23
Bretagnol 2005 144 100 7.0 144 120 95
Breukink 2005 41 B0 60 41 80 45
Maorino 2005 98 122 56 93 103 63
Lelong 2006 104 110 42 68 90 60
Law 2006 98 100 63 167 110 25
Veenhof 2007 50 70 23 50 60 18
Strohlein 2008 114 135 55 275 169 66
Koulas 2009 5F 140 72 60 155 54
Khaikin 2009 32 187 123 50 197 233
Baik 2011 54 107 46 108 112 60
Seshadn 2011 72 70 38 T2 TO0 40
Jefferies 2011 16 163 73 25 140 73
Mckay 2012 157 16.2 102 388 155 96
Kellokumpu 2012 100 110 56 91 130 63
Lujan 2012 1387 145 84 3018 147 95
Fixed effect model 2695 5036
Random effects model
Heterogenelty: Fsquared=84. 2%, tau-squared=2.812, p<0.0001
group=RCT
Guillou 2005 253 120 15 128 135 18
Braga 2007 83 127 73 B85 136 69
Mg 2008 51 124 67 48 130 7.0
Lujan 2009 101 136 33 103 116 08
Kang 2010 170 470 1.7 170 180 18
Liang 2011 168 70 50 174 T4 49
van der Pas 2013 699 130 13 345 140 15
Mg 2013 40 177 84 40 148 56
Fixed effect model 1566 1083

Random effects model
Heterogeneity: ksquared=92 4%, tau-squared=0.5113, p=<0.0001

Fixed effect model 4261 6129

Random effects model
Heterogeneity: Fsquared=388%, tau-squared=1,174, p<0.0001

Fig. 4

Forest plot of number of lymph nodes harvested
The mean distal margin (defined as the distance between the distal margin of bowel resection and
the tumor) was 2.8 cm in patients who underwent laparoscopic and 3.0 cm in those undergoing open
surgery; the overall MD was —-0.04 cm (95 % CI -0.27 to 0.19; P =0.721) (Fig.5), with no
significant difference between non-RCTs and RCTs (MD -0.08 vs. 0.05; P = 0.618) but, again, with

very large heterogeneity (I° = 89.2 %).
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Laparoscopy Open Distal Margin distance

Study Total Mean SD Total Mean SD . MD 95%-Cl W(fixed) W(random)
group =non-RCT

Wu 2004 18 4311 18 46 186 — 0.30 [-1.20; 0.60] 0.4% 3.9%
Bretagnol 2005 144 2013 144 3013 — -1.00 [-1.30;-0.70] 39% 8.5%
Breukink 2005 41 3523 41 3019 ——— 0.50 [-0.41; 1.41] 0.4% 3.8%
Lelong 2006 104 2120 68 3320——— i -1.20 [-1.81;-0.59] 0.9% 5.8%
Law 2006 98 5011 167 4013 : == 1.00 [0.71; 1.29] 4.1% 8.5%
Veenhof 2007 5% 3008 50 3207 —it -0.20 [-0.49; 0.09] 41% 8.5%
Khaikin 2000 32 2417 50 2616 —— 020 [-0.94; 0.54] 0.6% 4.9%
Baik 2011 54 3222 108 3119 —ip— 0.10 [-0.59 0.79) 0.7% 5.2%
Seshadri 2011 72 3010 72 3008 -5 0.00 [-0.30; 0.30] 4.0% 8.5%
Kellokumpu 2012 100 3513 91 3013 e 050 [0.13; 0.87) 26% 7.9%
Fixed effect model 713 809 i -0.02 [-0.15; 0.11] 21.8% -
Random effects model -0.08 [-0.56; 0.40] - 65.6%
Heterogeneity: Fsquared=92%, tau-squared=0.5137, p<0.0001

group=RCT

Kang 2010 170 2004 170 2004 000 [-00% 009) 487% 98%
Liang 2011 169 3207 174 3007 020 [0.05 035 16.0% 9.5%
van der Pas 2013 699 3013 345 3013 000 [-017; 017] 125% 9.4%
Ng 2013 400 2615 40 2914 030 [084; 0.34] 09% 56%
Fixed effect model 1078 729 0.04 [-0.03; 0.10] 78.2% -
Random effects model 0.05 [-0.08; 0.17] - 34.4%

Heterogeneity: Fsquared=54.8%, tau-squared=0.0079, p=0.0842

Fixed effect model 1791 1638
Random effects model
Heterogeneity: ksquared=89.2%, tau-squared=0.1372, p<0.0001

0.02 [-0.03; 0.08] 100% -
-0.04 [-0.27; 0.19] - 100%

15 1050 05 1 15
Fig. 5
Forest plot of distal margin distance
A positive distal margin (<1 mm) was reported in 1.0 % of patients who underwent laparoscopic
and in 1.2 % of those undergoing open surgery; the overall RR was 0.73 (95 % C10.41-1.31;
P =0.292) (Fig. 6), with moderate heterogeneity (I 2=49.2 %); no subgroup analysis was
performed because all the trials were non-RCTs.

Laparoscop‘y Dpen Positive distal margin

Study Events Total Events Total . RR 95%-CI Wifixed) W(random)
group = non-RCT

Leung 2000 2 52 1 34 1.31 [0.12; 13.87] 4.2% 13.8%
Bretagnol 2005 3 144 3 144 1.00 [0.21, 487] 10.4% 23.2%
Laurent 2009 7 238 2 233 343072 16.32) T.0% 236%
Lujan 2012 7 1387 36 3018 042 [0.19;, 095) 78.4% 39.4%
Fixed effect model 1821 3429 0.73 [0.41; 1.31] 100.0% -
Random effects model 0.99 [0.36; 2.75] - 100.0%
Heterogeneity: Fsquared=49.2%, tau-squared=0.5233, p=0.1161

Fixed effect model 1821 3429 0.73 [0.41; 1.31] 100% -

Random effects model 100%

Heterogeneily: Fsquared=49.2%, tau-squared=0.5233, p=0.1161

0.99 [0.36; 2.75]

Fig. 6

Forest plot of positive distal margin

The mean circumferential margin (defined as the distance between the circumferential margin of
bowel resection and the tumor) was 0.9 cm in both the laparoscopic and the open surgery arms; the
overall MD was —0.02cm (95 % CI —-0.10 to 0.06; P=0.626) (Fig.7), with no significant
difference between non-RCTs and RCTs (MD —0.10 vs. 0.05; P = 0.139) but, again, with very large
heterogeneity (I 2=91.9 %).



Laparoscopy Open CRM distance

Study Total Mean SD Total Mean SD - MD 95%-Cl Wifixed) W(random)
group = non-RCT i

Bretagnol 2005 144 07050 144 08 033 —HE 010 [-0.20; 0.00] 29% 14.3%
Breukink 2005 41 05073 41 10073 ———— | 0.50 [-0.82;-0.18] 0.3% 4.6%
Lelong 2006 104 08050 68 06 050 — 0.20 [0.05; 0.35) 1.2% 10.8%
Veenhof 2007 50 06018 S0 08028 — : 020 [-0.29;.0.11] 3.2% 14.6%
Khaikin 2009 32 14098 50 18115 —— -0.40 [-0.87; 0.07] 0.1% 2.4%
Kellokumpu 2012 100 12018 91 11015 = 010 [0.05; 015] 125% 17.2%
Fixed effect model 471 444 ?’; 0.02 [-0.02; 0.06] 20.2% -
Random effects model 1 -0.10 [-0.26; 0.07] - 64.0%
Heterogenaity: ksquared=91.3%, tau-squared=0.0329, p<0.0001 E

group=RCT i

Kang 2010 170 09013 170 08 013 E 010 [0.07; 0.13] 360% 18.0%
van der Pas 2013 699 10022 345 10018 | 000 [-003; 003] 438% 18.0%
Fixed effect model 869 515 0.05 [0.03; 0.06] 79.8% -
Random effects model 0.05 [-0.05; 0.15] - 36.0%
Heterogeneity: ksguared=96.4%, 1au-squared=0.0048, p<0.0001

Fixed effect model 1340 959 0.04 [0.02; 0.06] 100% -
Random effects model -0.02 [-0.10; 0.08] 100%

Heterogeneity: Fsquared=91.9%, tau-squared=0.0087, p<0.0001

Fig. 7

Forest plot of circumferential margin distance

Overall, a RO resection (defined as the rate of lesions excised with margins free of disease) was
reported in 83.1 % of patients who underwent laparoscopic and in 77.0 % of those undergoing open
surgery; the overall RR was 1.00 (95 % CI 0.94-1.07; P =0.969) (Fig. 8), with no significant
difference between non-RCTs and RCTs (RR 1.00 vs. 0.97; P =0.683) but with very large
heterogeneity (I 2=75.1 %).

Laparoscopy Open RO
Study Events Total Events Total . RR 95%-C1 W(fixed) Wirandom)
group =non-RCT i
Bretagnol 2005 10 144 14 144 : 071 [0.33,155] 07% 0.7%
Breukink 2005 3/ M CTT - 106 [0.92;1.22] 1.8% 11.9%
Strohlein 2008 72 114 192 275 —n 0.90 [0.77;1.06] 5.8% 10.4%
Laurent 2009 219 238 221 233 - 097 [092,102] 115% 225%
Kellokumpu 2012 91 100 84 W T 099 [091,107] 45% 18.0%
Lujan 2012 1143 1387 2282 3018 : 109 [1.06;1.12] 738% 24.0%
Fixed effect model 2024 3802 b 1.06 [1.03;1.09] 98.1% -
Random effects model < 1.00 [0.93; 1.08] - 87.5%
Heterogeneity: squarad=78. 3%, tau-squared=0.005, p=0.0003 i
group=RCT i
Mg 2013 36 40 37 40 —t 097 [0.85 1.11] 1.9% 12 5%
Fixed effect model 40 40 —-r 0.7 [0.85:1.11] 1.9% -
Random effects model =k 0.97 [0.85;1.11] = 12.6%
Heterogeneity: lsquared=Nal, tau-squared=0, p<0.0001 i
Fixed effect model 2064 3842 ¢ 1.06 [1.03; 1.08] 100% -
Random effects model ﬂf 1.00 [0.94;1.07] - 100%
Heterogeneity: Fsquared=75.1%, tau-squared=0.0047, p=0.0005 | ! |

] 1 2

Fig. 8

Forest plot of RO resection

Mesorectal fascia integrity, as assessed by the pathologist, was reported in 85.2 % of patients who
underwent laparoscopic and in 85.8 % of those undergoing open surgery; the overall RR was 1.10



(95 % C10.82-1.48; P =0.539) (Fig. 9), with notable heterogeneity (I 22675 %); no subgroup
analysis was performed because all the trials were RCTs.

Laparoscopy Open Mesorectal fascial integrity
Study Events Total Events Total . RR 95%-Cl W(fixed) W({random)
group =RCT
Kang 2010 47 170 43 170 — T 1.09 [0.77;1.56] 366% 29.2%
van der Pas 2013 77 666 28 331 H—i 1.37 [0.91,208) 31.9% 25.5%
Ng 2013 36 40 3T 40 —&— 097 [0.85 1.11] 315% 45.3%
Fixed effect model 876 541 - 1.14 [0.94; 1.39] 100.0% -
Random effects model - 1.10 [0.82; 1.48] - 100.0%
Heterogeneity: ksquared=67.5%, tau-squared=0.0461, p=0.0462 E
Fixed effect model 876 541 'ﬁ‘::- 1.14 [0.94;1.39] 100% -
Random effects model -'::'2- 1.10 [0.82; 1.48] - 100%
Heterogeneity: ksquared=67.5%, tau-squared=0.0461, p=0.0462 il
| |
) 05 1 2
Fig. 9
Forest plot of mesorectal fascia integrity
Finally, the raw incidence of local recurrence at 5 years was lower in patients who underwent
laparoscopic than in those undergoing open surgery (4.1[1% vs. 5.0 %). The overall RR was 0.77
(95 % CI 0.43-1.36; P = 0.366), with no significant difference between RCTs and non-RCTs (RR
0.82 vs. 0.76; P = 0.929) (Fig. 10) and no heterogeneity (I 220 %).
Laparoscopy Open Local recurrences at 5 yrs

Study Events Total Events Total ‘ RR 956%-Cl W(fixed) W(random)
group = non-RCT E
Laurent 2009 9 238 12 233 —&— 073 [0.32,1.71] 41.8% 43.0%
Baik 2011 1 54 4 108 : 050 [0.06,437] 92% 6.5%
Kellokumpu 2012 6 100 6 9 —f— 091 [030;272] 216% 256%
Fixed effect model 392 432 ﬁ 0.76 [0.40; 1.43] 72.6% -
Random effects model 0.76 [0.40; 1.45] - 75.2%
Heterogeneity: Fsquared=0%, tau-squared=0, p=0.8806 E

i
group =RCT E
Lujan 2009 4 101 5 103 — 0.82 [023,295] 17.1% 18.6%
Mg 2013 1 40 3 40 — 0.33 [0.04;3.07] 103% 6.2%
Fixed effect model 141 143 -—=—»—‘="=—— 0.63 [0.21;1.89] 27.4% -
Random effects model ——— 0.65 [0.21; 1.98] - 24.8%
Heterogeneity: lsquared=0%, tau-squared=0, p=0.493 E

[
Fixed effect model 533 575 {l;* 0.72 [0.42;1.25] 100% -
Random effects model -f-":'-:’- 0.73 [0.42; 1.28] - 100%
Heterogeneity: Fsquared=0%, tau-squared=0, p=0.9407 ¢
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Fig. 10

Forest plot of local recurrence at 5 years

Subgroup analyses

Subgroup analyses were conducted on patients with extraperitoneal cancer of the rectum (defined as
lesions in the mid or low rectum or the extraperitoneal rectum or up to 12 cm from the anal verge);
the analyses also included abdominoperineal resections (APR). Eleven studies (2,552 patients) met
the inclusion criteria [3, 17, 18, 23, 25, 26, 32, 37—41]; five were RCTs (1,720 patients) and six
were non-RCTs (832 patients).

As the primary outcome, a positive circumferential margin (<1 mm) was reported in 10.3 % of
patients who underwent laparoscopic and in 11.6 % of those undergoing open surgery; the overall



RR was 0.87 (95 % CI 0.63-1.21; P =0.420), with no heterogeneity (I 2= 0 %). The sensitivity
analysis showed no significant difference between non-RCTs and RCTs (RR 0.65 vs. 0.96;
P =0.432).

Among the secondary outcomes, the average number of lymph nodes harvested was 12.8 in patients
who underwent laparoscopic and 13.3 in those undergoing open surgery; the overall MD was —0.11
lymph nodes (95 % CI —0.98 to 0.77; P = 0.812), with no difference between non-RCTs and RCTs
(MD —0.52 vs. 0.16; P = 0.406) but with very large heterogeneity (I 2=89.5 %).

The mean distal margin was 2.4 cm in patients who underwent laparoscopic and 2.5 cm in those
undergoing open surgery; the overall MD was 0.04 cm (95 % CI —0.48 to 0.55; P = 0.894), with no
difference between non-RCTs and RCTs (MD —0.23 vs. 0.62; P = 0.295) but, again, with very large
heterogeneity (I 2=92.1 %).

A positive distal margin (<1 mm) was reported in 2.6 % of patients who underwent laparoscopic
and in 2.2 % of those undergoing open surgery; the overall RR was 1.09 (95 % CI 0.29-4.04;
P = 0.899), with no heterogeneity (I> = 0 %).

The mean circumferential margin was 0.92 cm in patients who underwent laparoscopic and 0.91 cm
in those undergoing open surgery; the overall MD was —0.03cm (95 % CI -0.13 to 0.07;
P =0.558), with no significant difference between non-RCTs and RCTs (MD -0.27 vs. 0.05;
P = 0.116) but with very large heterogeneity (I = 93.6 %).

Overall, an RO resection was reported in 93.0 % of patients who underwent laparoscopic and in
89.7 % of those undergoing open surgery; the overall RR was 1.04 (95 % CI 0.97-1.10; P = 0.268),
with no heterogeneity (I 220 %).

Mesorectal fascia integrity was reported in 85.4 % of patients who underwent laparoscopic and in
86.3 % of those undergoing open surgery; the overall RR was 0.97 (95 % C10.93-1.01; P=0.124),
with no heterogeneity (I> = 0 %).

The raw incidence of local recurrence at 5 years after surgery was lower in patients who underwent
laparoscopic than in those undergoing open surgery (3.501% vs. 5.6 %); the overall RR was 0.63
(95 % C10.21-1.89; P = 0.413), with no heterogeneity (I =0 %).

Discussion

Now, more than 20 years after the first report of laparoscopic colon resection [42], laparoscopy is
widely accepted, but its use in the treatment of rectal cancer remains debated. In 2012, we reported
that the advantages of a minimally invasive approach such as with laparoscopy carry over to rectal
resection. In a large systematic review and meta-analysis of the lay literature published during the
previous decade, we found a significant reduction in short-term mortality and overall morbidity
after laparoscopic as compared to open surgery [3]. Moreover, no significant difference in the
anastomotic leakage rate was observed, while a clear advantage in favor of laparoscopy was
observed for earlier bowel activity restoration, time to oral intake, and duration of postoperative
hospital stay, the only clear disadvantage being the relatively longer operating time. Some
limitations notwithstanding, we concluded from the evidence of both the randomized and the
prospective controlled series that although technically demanding, laparoscopic rectal resection
appears to have clinically measurable short-term advantages in patients with primary resectable
rectal cancer. In a subsequent study, we were able to confirm similar results even after limiting the
analysis to patients with extraperitoneal rectal cancer [4].

Here, we focus on the oncological adequacy of the laparoscopic technique as compared to open
rectal resection. The foremost concern of cancer patients is to be cured of their disease, no matter by
which technique; however, they are unlikely to recognize the potential benefits of minimally
invasive treatment unless it is shown to be as oncologically effective as open surgery. For this
reason, the present analysis is of even major importance than the previous one, insofar as it



indicates the correct way forward in the application of the concept of minimally invasiveness in the
treatment of rectal cancer.

Since 2000, 27 studies [6, /6—41] have been published comparing laparoscopic and open rectal
resection. Although a meta-analysis of only RCTs would be ideal, we thought it wiser to extend the
criteria to include prospective controlled clinical trials (non-RCTs), as suggested by the MOOSE
group [/0]. This was done to increase the body of data for analysis, while maintaining an acceptable
level of evidence, as confirmed by risk of bias analysis and heterogeneity testing. No significant
difference was observed at baseline for tumor stage, use of neoadjuvant therapy, or construction of
a diverting ileostomy in either the global or the extraperitoneal cancer group. A sensitivity analysis
to verify the reliability of the RCTs alone was performed nonetheless.

Due to these restrictions in how the papers were selected, the heterogeneity of the results was quite
low in the primary outcome analysis, where the sample size was more consistent. This was true
even though some of the sample populations were relatively small and most of the studies lacked
criteria for determining a formal sample size. The sensitivity analyses showed that, within the whole
time frame, no single study had an influential effect on RR, except the Lujan 2012 study [36]. The
results of this trial significantly shifted the RR in favor of the laparoscopic technique in the primary
outcome analysis, which was also reflected in the significant difference between RCTs and non-
RCTs. In contrast, heterogeneity was greater only in the secondary outcomes analysis, although the
sensitivity analysis consistently demonstrated agreement of results between RCTs and non-RCTs.
Unfortunately, it was not possible to analyze overall survival and disease-free survival at 5 years,
though this would have been of extreme interest. As illustrated by Parmar [43], the correct way to
do it, in fact, would be to perform a survival meta-analysis based on hazard ratios and standard
errors derived from Cox regression models. Except for one case [35], these data were not reported
in the selected studies.

Some of the findings of our analysis merit closer and careful attention. The main finding of the
present meta-analysis is that the RCTs reported a positive circumferential margin (<1 mm) in 7.9 %
of patients who underwent laparoscopic and in 6.9 % of those undergoing open surgery, with
perfect oncological equivalence between the two techniques (RR = 1.00) and no heterogeneity of
data. This was confirmed in the subgroup analysis of patients with extraperitoneal cancer of the
rectum. When the non-RCT data were added, the results reported by Lujan et al. [36] tipped the
balance in favor of laparoscopy, probably because of selection bias, so that due caution when
interpreting this effect is warranted.

In order to assess the oncological adequacy of resection, we compared several other oncological
short-term outcomes as secondary endpoints, including the number of lymph nodes harvested,
margin clearance, and mesorectal fascia integrity. Owing to the marked heterogeneity of the results
found in these analyses, they should be interpreted cautiously. Indeed, whenever heterogeneity is
high after pooling RCTs and non-RCTs, the results should be eyed critically and pooling would not
be recommended. For instance, the average number of harvested lymph nodes was significantly
higher in the patients who underwent open surgery though heterogeneity was extremely high, but
this difference was not confirmed on either the sensitivity analysis of the RCTs or the subgroup
analysis of patients with extraperitoneal cancer of the rectum. Moreover, the mean difference of
—0.56 lymph nodes, although statistically significant, seems to be of little clinical relevance.
Furthermore, there were no significant differences between the two treatment groups in the average
distal margin and its involvement, the average circumferential margin, the rate of RO resections, and
the mesorectal fascia integrity, as assessed by the pathologist. Even the local recurrence rate at
5 years was similar in patients who underwent laparoscopic and those undergoing open surgery.
Neither the sensitivity analysis of RCTs versus non-RCTs nor the subgroup analysis of patients
with extraperitoneal cancer, despite the consistent number of patients included, showed any
statistically significant difference between laparoscopic and open surgeries.

The studies in this and in our previous review included patients selected by several exclusion
criteria, such as advanced neoplasms (Dukes D or T4 or >6 cm), emergency situations (acute



obstruction, bleeding, or perforation), and previous colorectal or abdominal surgery. Therefore,
these findings and observations are limited to patients selected against such criteria. Furthermore, to
the extent that laparoscopic resection affords clear advantages in terms of short-term mortality and
morbidity [3, 4], an equivalent oncological outcome would be sufficient to justify its use in the
surgical treatment of rectal cancer. The data analyzed in this meta-analysis suggest, in fact, that
laparoscopy obtains equivalent oncological results based on pathology criteria, as reflected in the
similar local recurrence rates at 5 years.

Still, these results should be interpreted carefully due to potential sources of bias and
methodological limitations. As measured by the Cochrane Collaboration tool for Assessing Risk of
Bias scale and the Newcastle-Ottawa Scale, most studies fell short on quality and some did not
report oncological results as the primary outcome. Hence, there is a need for quality RCTs
comparing the short-term outcome of open and laparoscopic TME, like the large North American
(ACOSOG Z6051) and the Australasian Laparoscopic Cancer of the Rectum Trial (A La CaRT).
Based on the evidence from the RCTs and non-RCTs examined in this systematic review, the short-
term benefit and oncological adequacy of laparoscopic rectal resection appear to be equal to open
surgery, with some evidence potentially pointing to comparable long-term outcomes and
oncological adequacy in selected patients with primary resectable rectal cancer.
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