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Abstract

Background TME has revolutionized the surgical management of rectal cancer, and since the introduction of robotic TME
(RTME), many reports have shown the feasibility and the safety of this approach. However, concerns persist regarding the
advantages of robotic in surgery for the completeness of TME. The aim of this review is to compare robotic versus laparoscopic
total mesorectal excision (TME) in rectal cancer, focusing on the completeness of TME.

Methods A systematic search was performed in the electronic databases for all available studies comparing RTME versus
conventional laparoscopic LTME with declared grade of mesorectum excision. Data regarding sample size, clinical and demo-
graphic characteristics, number of complete, nearly complete, and incomplete TME were extracted. Primary outcome was the
number of complete TME in robotic and laparoscopic procedures. Secondary outcomes were the numbers of nearly complete and
incomplete TME in robotic and laparoscopic rectal resections.

Results Twelve articles were included in the final analysis. Complete TME was reported by all authors, involving 1510 proce-
dures, showing a significant difference in favor of robotic surgery (OR = 1.83, 95% CI 1.08-3.10, p = 0.03). Nearly complete and
incomplete TME showed no significant difference between the procedures. Meta-regression analysis showed that none of
patients’ and tumors’ characteristics significantly impacted on complete TME.

Conclusions Our results underline that the robotic approach to rectal resection is the better way to obtain a complete TME.
However, it is mandatory that randomized clinical trials should be performed to assess definitively if robotic minimally invasive
surgery is better than a laparoscopic resection.

Keywords Robotic surgery - Laparoscopic surgery - Total mesorectum excision

Introduction

Laparoscopic colorectal surgery (LS) is currently offered as the
standard of surgical care [1]. LS has been credited with facili-
tating early postoperative recovery without compromising
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oncological outcomes [2]. Furthermore, minimally invasive ap-
proaches are associated with less delay to the initiation of adju-
vant systemic therapy and improved survival in patients with
stage III colon adenocarcinoma [3].

However, laparoscopic rectal cancer (RC) surgery is a more
technically demanding and has a steep learning curve than
laparoscopic colon cancer surgery because it is performed in
the narrow pelvic cavity.

It is important to highlight that total mesorectal excision
(TME) introduced by Heald et al. [4] has revolutionized the
surgical management of RC and recent experiences
questioned the efficacy of laparoscopic surgery obtaining
complete TME [5, 6].

Since the introduction of robotic total mesorectal excision
(RTME), many reports have shown the feasibility and the
safety of this minimally invasive approach. However, experi-
ence is still limited in RTME and although an increasing
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number of rectal carcinoma resections are performed roboti-
cally, concerns persist regarding the advantages of robotic in
comparison with the laparoscopic surgery, specifically regard-
ing the completeness of TME.

We therefore present a review with a meta-analysis of all
the available evidence comparing the surgical and oncological
outcomes of RTME versus LTME in rectal cancer, focusing
on the completeness of TME.

Material and methods

A protocol for this review was prospectively developed, with
specific objectives, detailed criteria for study selection and
evaluation of study quality, and identification of the outcomes
and of the statistical methods.

Literature search strategy

To identify all available studies, a systematic search was per-
formed according to PRISMA (Preferred Reporting Items for

1

Fig. 1 PRISMA flowchart

Systematic reviews and Meta-Analyses) flowchart [7] (Fig. 1)
in the following electronic databases:

e PubMed

e Web of Science
*  Scopus

« EMBASE

We used medical subject headings (MeSH) and free-text
words using the following search terms in all possible combi-
nations: laparoscopic, robotic, rectal, cancer, TME.

According to PICO framework (Problem/Population,
Intervention, Comparison and Outcome), study selection
criteria were exactly defined. Participants included adult pop-
ulation with primary histologically proven rectal cancer; inter-
ventions included were laparoscopic and robotic rectal resec-
tion with total mesorectal excision (TME). Primary outcome
measure was the number of complete TME in robotic and
laparoscopic procedures. Secondary outcome measures were
the numbers of nearly complete and incomplete TME in ro-
botic and laparoscopic rectal resections. Combined analyses
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included the number of complete and nearly complete TME,
defining this outcome as “acceptable” TME, and the number
of nearly complete and incomplete TME, defining it as “non-
complete” TME. The last search was performed on July 2018.
The search strategy was limited to articles written in the
English language. In addition, the reference lists of all re-
trieved articles were manually reviewed. In case of overlap
between centers or authors, the most recent or with higher
quality study was selected.

Study selection

Two independent authors (MiM, NV) analyzed each article
and performed the data extraction independently.

Duplicate studies were removed, and studies considered
irrelevant were discarded. Two other authors (FM, GDDP)
further reviewed independently the eligibility of studies in
abstract form and in full text by assessing if the inclusion
criteria and outcome measures were met. In case of disagree-
ment, a fourth investigator was consulted (MM).
Discrepancies were resolved by consensus.

Eligibility criteria were predetermined as follow:

*  Adult participants (> 18 years of age) diagnosed with rec-
tal adenocarcinoma with an indication to elective rectal
resection.

+ Comparison between elective robotic and laparoscopic
surgery for resection of rectal cancer: anterior resection
(AR), laparoscopic anterior resection (LAR), Hartmann
resection, or abdomino-perineal resection (APR), with to-
tal mesorectal excision (TME) or partial mesorectal exci-
sion (PME) in case of upper rectum cancer.

+ Studies including colorectal cancer or 3-arm studies
(open, laparoscopic and robotic or transanal TME, laparo-
scopic and robotic) were eligible only if outcomes for
rectal carcinoma could be extracted.

* Grade of completeness of TME clearly defined

Data extraction

Data regarding sample size, major clinical and demographic
variables (patients gender, BMI, ASA Score, neoadjuvant che-
moradiotherapy, AJCC stage, primary tumor location), num-
ber of complete, nearly complete and incomplete TME were
extracted. Furthermore, acceptable and non-complete TME
were analyzed.

Statistical analysis
Dichotomous variables were pooled using the odds ratio (OR)

with a 95% CI. In case of zero total events trials, we used the
risk difference (RD) as effect measure to maintain analytic

consistency and to incorporate all available data. If studies
reported only the median, range, and size of the trial, the
means and standard deviations were calculated according to
Hozo et al. [8]. Statistical analysis was realized with by using
Review Manager (Revman version 5.3; Copenhagen, Nordic
Cochrane Center, Cochrane Collaboration, 2014).

Heterogeneity was investigated by the use of /* statistic.
For I of between 0 and 30%, heterogeneity was considered
as probably not important, between 30 and 60% moderate,
between 50 and 90% substantial, and between 75 and 100%
considerable. In order to be as conservative as possible, the
random effect method was used for all analyses to take into
account the variability among included studies.

In order to be as conservative as possible, the random-
effect method was used for all analyses to take into account
the variability among included studies.

Furthermore, we performed a meta-regression analysis to
assess the possible effect of clinical, surgical, and demographic
variables (gender, BMI, ASA Score, neoadjuvant chemothera-
py and radiation, AJCC stage, tumor location) on the incidence
of the primary outcome. To assess the possible effect of such
variables in explaining different results observed across studies,
we planned to perform meta-regression analyses after
implementing a regression model with incidence of the main
outcome as dependent variable (y) and the abovementioned co-
variates as independent variables (x). Meta-regression analyses
were realized using Comprehensive Meta-analysis (Version 2,
Biostat, Englewood NJ (2005)).

Risk of bias assessment

Publication bias was assessed by the Egger’s test and repre-
sented graphically by funnel plots for each outcome. Visual
inspection of funnel plot asymmetry was performed to address
for possible small-study effect, and Egger’s test was used to
assess publication bias, over and above any subjective evalu-
ation. A p < 0.05 was considered statistically significant [9]. In
case of a significant publication bias, the Duval and Tweedie’s
trim and fill method was used to allow for the estimation of an
adjusted effect size [10].

Quality assessment

The quality of each included study was assessed. For ran-
domized clinical trial (RCT), it was evaluated according to
the Cochrane Collaboration tool for assessing risk of bias
[11]: seven distinct domains were identified and evaluated
as “Low risk of bias” or “High risk of bias” or “Unclear”:
sequence generation, allocation concealment, blinding of
participants, blinding of outcome assessment, incomplete
outcome data, selective outcome reporting, and other po-
tential threats to validity. For assessing the quality of
nonrandomized studies, the Newcastle-Ottawa Scale
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(NOS) was used [12]: the NOS contains eight items, cate-
gorized into three domains: (1) selection of study (four
points); (2) comparability of groups (two points); (3) as-
certainment of exposure and outcomes (three points) for
case—control and cohort studies, respectively. A star sys-
tem is used to allow a semi-quantitative assessment, and
researchers assign up to a maximum of nine points.

Results of risk of bias assessment are reported in Fig. 5a, b
in the Appendix.

Results
Literature search

After excluding duplicate results, the search retrieved 364 ref-
erences. Of these studies, 277 were excluded because they
were off the topic after scanning the title and/or the abstract,
13 for language, 19 because of the type of manuscript, and 28
for lack of data. Of 15 studies, the online full-length version
was not available and it was not possible to extract data from
the online abstract. Thus, 12 articles were included in the final
analysis [13-24] (Fig. 1).

Characteristics of the included studies

Characteristics of the studies’ population are summarized in
Table 1. Of the 12 included studies, 11 were case—control
studies [13—17, 19-24], while only one was high-quality
multicentric RCT [18]. The included studies involved 1510
patients (range from 40 to 466 per study), of whom 687 ro-
botic and 823 laparoscopic rectal resections.

The number of patients varied from 40 to 466, mean age
from 55.41 to 66 years, and the prevalence of male gender
from 56.66 to 71.7%. Mean body mass index (BMI) varied
from 22 to 35.04 kg/m?. The prevalence of ASA Score I var-
ied from 0 to 60.14%, of ASA Score Il from 22.5 to 68.46%,
of ASA Score III from 1.44 to 77.5, and of ASA Score IV
from 0 to 7.14%.

Prevalence of patients undergone to neoadjuvant radio-
therapy was reported by 2 studies [13—24] and varied from
5.38 to 45%; prevalence of patients undergone neoadju-
vant chemotherapy reported by Valverde et al. [24] was
1.54%; and prevalence of patients undergone neoadjuvant
chemoradiotherapy was reported by 9 authors [13-17, 19,
20, 23, 24] and varied from 39.62 to 100%. Prevalence of
tumors’ localization was reported from 3 authors [16, 18,
24] and varied from 16.15 to 25.34% for lower rectum (<
5 cm from the anal verge), from 39.17 to 44.16% for mid-
dle rectum (5-10 cm), and from 13.3 to 44.6% for upper
rectum (> 10 cm). Clinical AJCC staging of the tumor was
reported by 3 authors [13, 18, 23]. Prevalence of tumors
with clinical AJCC stage I varied from 0 to 29.67%, with
stage II from 16.8 to 39.8%, with stage III from 38 to
59.16%, and with stage IV from 0 to 29.93%.

Primary outcome

Primary outcome is shown in Fig. 2. Complete TME was
reported by all authors, involving 1510 procedures (687 ro-
botic and 823 laparoscopic), showing a statistical significant
difference in favor of robotic surgery (OR =1.83, 95% CI
1.08-3.10, p = 0.03), with a significant heterogeneity among
the studies (* =47%, p = 0.03).

Table 1 Characteristics of studies’ population
Study Patients Lap/rob Mean Male sex Mean ASA Score (%) Upper rectum (lap/rob  RCTx (lap/rob
age (%) BMI %) %)

I I 1T v
Allemann et al. 2016 60 4020  64.67 56.66 24.77 13.33 60.00 26.07 0.00 60/65
Bernajian et al. 2014 40 2020 62.50 60.00 22.00 0.00 22.50 77.50 0.00 55/50
Colombo et al. 2016 120 60/60  61.00 68.33 24.80 31.67 51.67 15.84 0.84 21.7/13.3 65/78.3
Gorgun et al. 2016 56 27/29  59.52 67.86 35.04 0.00 32.14 60.71 7.14 51.8/65.5
Jayne et al. 2017 466 230/236 64.94 67.90 38.14 5822 20.78 0.00 30/30.1
Kim et al. 2016 99 66/33  57.80 69.70 2333 52.52 43.43 4.04 0.00 100/100
Lim et al. 2017 138 64/74  64.96 69.56 23.08 60.14 38.40 1.44 0.00
Ramiji et al. 2016 53 27126 62.9 71.70 27.65 7.54 22.64 66.04 3.77 222/57.7
Serin et al. 2015 79 65/14 5541 25.80
Silva-Velazco et al. 174 118/66  59.64 63.04 279 0.54 3641 56.52 6.52 49.1/51.5

2016

Valverde et al. 2017 130 65/65  66.00 66.92 25.00 19.22 68.46 18.46 0.00 44.6/18.4 36.9/47.6
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Robotic Laparoscopic 0Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, R: 95% CI M-H, R 95% CI

Allemann et al 2016 18 20 22 40 49% 15.55[1.89, 127.60]

Aselmann etal 2018 43 44 32 41 49%  12.09[1.46, 100.36]

Barnajian etal 2014 16 20 19 20 4.3% 0.21[0.02, 2.08] —

Colombo etal 2016 56 60 54 60 9.3% 1.56[0.42,5.82] B

Gorgun et 2016 24 29 19 27 97% 2.02[0.57,7.149] b e —

Jayne etal 2017 178 236 173 230 181% 1.01 [0.66, 1.54] -

Kim etal 2016 32 33 60 66 4.7% 3.20[0.37, 27.79]  —

Limetal 2017 Al T4 63 64 4.3% 0.38 [0.04, 3.70] I

Ramiji et al 2016 15 26 7 27 10.6% 3.90[1.22,12.43] e

Serinetal 2015 14 14 52 65 2.9% 7.461[0.42 133.10]

Silva-velazco etal 2016 58 66 103 118 12.8% 1.23[0.47, 3.18] e

Valverde etal 2017 57 65 53 65 12.6% 1.61 [0.61, 4.29] I

Total (95% CI) 687 823 100.0% 1.83[1.08, 3.10] ’

Total events 584 657

Heterogeneity: Tau®= 0.34; Chi®= 20.90, df= 11 (P = 0.03); F= 47% 04005 011 1=IJ 20=D

Test for overall effect: 2=

223(P=003)

Fig. 2 Primary outcome: complete TME

Secondary outcomes

Secondary outcomes are shown in Fig. 3. Nearly complete
TME was analyzed by 9 authors [13-20, 23, 24], including
1378 procedures, of whom 647 robotic and 731 laparoscopic;
no significant difference was shown by the analysis (OR =
0.62,95% C10.37-1.02, p = 0.06), with no significant hetero-
geneity among the studies (> = 16%, p = 0.30).

Favours [laparoscopic]

Favours [robotic]

Incomplete TME was reported by all authors, showing
no significant difference between the procedures (RD =

0.00, 95% CI —0.02-0.03, p = 0.85) and significant hetero-
geneity among the studies (I =45%, p = 0.04). Combined
analysis is shown in Fig. 4. It showed no significant differ-
ence between the procedure about acceptable TME (RD =
0.01, 95% CI —0.02—-0.04, p=0.37) and non-complete

TME (OR=0.74, 95% CI 0.42-1.31, p=0.30), with

Robotic Laparoscopic Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Allemann etal 2016 1 20 15 40  53% 0.09 [0.01,0.72)
Aselmann etal 2018 0 44 7 41 2.9% 0.05 [0.00, 0.94]
Barnajian etal 2014 1 20 1 20 3.0% 1.00[0.06,17.18]
Colombo etal 2016 4 60 6 60 11.9% 0.64 [0.17,2.40] =
Gorgun et 2016 1 29 0 27 23% 2.89[0.11,74.15]
Jayne etal 2017 33 236 38 230 39.0% 0.82[0.50, 1.36] —_-
Kim etal 2016 1 33 6 66 5.0% 0.31[0.04,2.71] e S B8
Limetal 2017 3 74 1 64  45% 2.66 [0.27, 26.25] e
Silva-Velazco et al 2016 3 66 7 118 11.0% 0.76 [0.19, 3.02) —
Valverde etal 2017 5 65 10 65 15.1% 0.46[0.15,1.42) ———
Total (95% CI) 647 731 100.0% 0.62[0.37, 1.02] L3
Total events 52 91

Heterogeneity: Tau®= 0.10; Chi*=10.70, df= 9 (P = 0.30), F=16%
Test for overall effect: Z=1.87 (P = 0.06)

0.005 0.1
Favours [laparoscopic)

10 200
Favours [robotic]

a
Robhotic Laparoscopic Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Allemann et al 2016 0 20 3 40 3.8% -0.07 [-0.18,0.03) —
Aselmann etal 2018 1 44 2 41 6.2% -0.03[-0.11, 0.05) -
Barnajian etal 2014 3 20 0 200 1.7% 0.15[-0.02,0.32] =
Colombo etal 2016 0 60 0 60 15.7% 0.00 [-0.03, 0.03] -
Gorgun et 2016 0 29 0 27 7.8% 0.00 [-0.07,0.07] S
Jayne etal 2017 22 236 12 230 11.7% 0.04 [-0.01, 0.09] T
Kim etal 2016 0 33 0 66 12.0% 0.00 [-0.05, 0.05) =t
Limetal 2017 0 74 0 64 16.8% 0.00 [-0.03, 0.03] -+
Ramiji et al 2016 10 26 8 27 0.8% 0.09 [-0.17,0.34]
Serinetal 2015 0 14 13 65 2.7% -0.20 [-0.33,-0.07)
Silva-Velazco et al 2016 4 66 4 118 7.9% 0.03 [-0.04, 0.09] =t
Valverde etal 2017 1 65 0 65 13.0% 0.02 [-0.03, 0.08] T
Total (95% CI) 687 823 100.0% 0.00 [-0.02, 0.03]

Total events

41 42

Heterogeneity: Tau®= 0.00; Chi*= 20.07, df=11 (P = 0.04); = 45%

Test for overall effect: Z=

b

0.19 (P =0.85)

Fig. 3 Secondary outcomes: a nearly complete TME and b incomplete TME
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Robotic Laparoscopic Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, R 1, 95% CI M-H, Random, 95% CI
Allemann etal 2016 20 20 37 40  55% 0.07 [-0.03,0.18]
Aselmann etal 2018 43 44 39 41 8.2% 0.03 [-0.05, 0.11] G
Barnajian etal 2014 17 20 20 20 26% -0.15[-0.32,0.02) —
Colombo etal 2016 60 60 60 60 15.8% 0.00 [-0.03, 0.03] =
Gorgun et 2016 25 29 19 27 1.8% 0.16 [-0.05, 0.37) ]
Jayne etal 2017 211 236 211 230 12.0% -0.02 [-0.08, 0.03] —=T
Kim et al 2016 33 33 66 66 13.4% 0.00 [-0.05, 0.05) ==
Limetal 2017 74 74 64 64 16.5% 0.00 [-0.03, 0.03] B
Ramiji etal 2016 15 26 7 27 1.3% 0.32[0.07,0.57)
Serinetal 2015 14 14 52 65  4.0% 0.20 [0.07,0.33) _—
Silva-Velazco etal 2016 62 66 110 118 8.9% 0.01 [-0.07, 0.08] =t
Valverde etal 2017 62 65 63 65  9.9% -0.02 [-0.08, 0.05) B
Total (95% CI) 687 823 100.0% 0.01[-0.02, 0.04]
Total events 636 748

Heterogeneity: Tau®= 0.00; Chi*= 25.17, df=11 (P = 0.009); F= 56%
Test for overall effect: Z=0.90 (P = 0.37)

-0.5 -0.25 0 0.25 05
Favours [laparoscopic] Favours [rohotic]

a

Robotic Laparoscopic Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, R 1, 95% CI M-H, Random, 95% CI
Allemann et al 2016 1 20 18 40  55% 0.06 [0.01, 0.53]
Aselmann etal 2018 1 44 9 41 5.5% 0.08 [0.01, 0.69)
Barnajian etal 2014 4 20 1 20 48% 4.75[0.48, 46.91) —
Colombo etal 2016 4 60 6 60 10.2% 0.64 [0.17, 2.40) ——l—
Gorgun et 2016 1 29 0 27 27% 2.89(0.11,74.15]
Jayne etal 2017 55 236 50 230 20.2% 1.09[0.71,1.69) -
Kim etal 2016 1 33 6 66 5.3% 0.31[0.04,2.71) —_—
Limetal 2017 3 74 1 64  48% 2.66 [0.27, 26.25] —_—1
Ramiji et al 2016 10 26 8 27 11.8% 1.48[0.47, 4.66) |
Serin etal 2015 0 14 13 65  3.3% 0.13[0.01,2.39]
Silva-Velazco et al 2016 7 66 11 118 13.4% 1.15[0.42,3.14) i o —
Valverde etal 2017 6 65 10 65 12.5% 0.56 [0.19, 1.64] —

Total (95% CI) 687 823 100.0%
Total events 93 133
Heterogeneity: Tau®= 0.37; Chi®= 20.25, df= 11 (P = 0.04), F= 46%

Test for overall effect: Z=1.03 (P = 0.30)

b

Fig. 4 Combined analysis: a acceptable TME and b non-complete TME

significant heterogeneity among the studies (* = 56%, p =
0.009 and I* =46%, p = 0.04, respectively).

Meta-regression analysis

Meta-regression analysis showed that none of patients’ and
tumors’ characteristics (age, male gender, BMI, ASA Score,
neoadjuvant chemoradiotherapy, tumor’s localization, and
AJCC stage) significantly impacted on complete TME.

Publication bias

Because it is recognized that publication bias can affect the
results of meta-analyses, we attempted to assess this potential
bias using funnel plot analysis. The distribution of studies
evaluating primary and secondary outcomes was symmetrical,
and no publication bias was found by the Egger’s test (p =
0.11, p=0.37, p=0.69, p=0.08, and p =0.25, respectively
(Appendix Figs. 6, 7, and 8).
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Discussion

The main focus in cancer surgery is to optimize cure and to
maximize quantity and quality of life with and minimization
of treatment complications. Although high-quality evidence
indicates that minimally invasive treatment of colon carcino-
ma is better than the open approach in terms of short-term and
long-term safety and quality outcomes, nothing can be af-
firmed with certainty on the carcinoma of the rectum.

The only certain data in literature is the TME approach
which has remained the gold standard surgical treatment for
rectal cancer since its introduction in 1986; moreover, the
quality of the TME has been shown to be a significant prog-
nostic factor for cancer-specific survival. This technique has
evolved from traditional “open” to minimal access ap-
proaches, such as laparoscopic, robotic, and more recently,
transanal techniques. However, we are still far from identify-
ing one as better or even equivalent to the others.

Minimally invasive surgery has been one of the most crit-
ical changes in surgical practice over the past several years.
Advances in device and technique have enabled the minimally
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invasive resection surgery to be applied to complex surgical
procedures.

On the other hand, although this kind of approach provides
obvious advantages on recovery outcomes and recent litera-
ture have demonstrated the superiority of a laparoscopic ap-
proach to TME [25], oncological radicality of minimally in-
vasive surgery has been recently questioned. It is worth men-
tioning that recent results advocated the incompleteness of
TME after laparoscopic surgery. Indeed, Stevenson and col-
leagues [5], in the ALaCaRT randomized clinical trial which
involved patients with T1-T3 rectal adenocarcinoma, de-
scribed a successful resection for 194 patients (82%) in the
laparoscopic surgery group and for 208 patients (89%) in the
open surgery group, with better results on TME completeness
(92% vs 87%) in the open approach. Similar evidence was
found by Fleshman et al. [6] in the ACOSOG Z6051 random-
ized clinical trial; also in this case, better results were found in
favor of open surgery despite laparoscopy, particularly in
terms of complete TME (95% vs 92%) and successful of re-
section (86% vs 81%).

By this point of view, we can talk of a literature “pre- and
post ACOSOG-ALaCaRT” because these two RCTs were a
real watershed for the rectal surgery.

In order to obtain an aggregate estimation of safety and
efficacy of laparoscopic surgery for rectal cancer, meta-
analyses were designed by different authors. Particularly,
in the meta-analysis by de” Angelis et al. [26], including 14
studies, it was demonstrated that the rate of noncomplete
total mesorectal excision was significantly higher in the
laparoscopic group, while no significant differences were
found about CRM and DRM involvement when compared
with the open surgery group. The most recent meta-analy-
sis, by Creavin et al. [27], including the latest 4 RCTs,
showed a higher complete mesorectal excision in open
group, while no significant differences were showed in
terms of DRM and CRM, confirming the results of de’
Angelis; in addiction, this author reported also on the grade
of mesorectal excision (intact, superficial and deep
mesorectal defects), underlining that it allows assessment
of the quality of rectal resection and aids in the prediction
of local recurrence risk. Creavin found an acceptable
mesorectum (intact or superficial defects only) was present
in 95.9% and 96.5% in the laparoscopic and open groups
respectively, specifying that superficial mesorectal defects
were more common in laparoscopic resections. The author
hypothesizes that superficial defects are more common in
laparoscopic surgery owing to grasping or traction tears
from laparoscopic instruments, ultimately resulting in dis-
crepancies in resection specimens.

Since the introduction of robotic total mesorectal exci-
sion (RTME), many reports have shown not only the fea-
sibility but also the safety of this approach; RTME may be
advantageous in the dissection of the avascular plane

between the presacral fascia and the fascia propria of the
rectum without injury to the integrity of the mesorectum in
the narrow pelvic cavity. On the other hand, the same stud-
ies questioned the efficacy of robotic approach and this
conflicting literature made necessary the realization of
meta-analysis to compare laparoscopic and robotic rectal
cancer surgery. Li [28] and Prete [29], on 17 case—control
studies and five trials respectively, conclude that RTME in
patients with rectal cancer was associated with a lower rate
of conversion, longer operative time, and equivalent long-
term oncological and function outcomes than in LTME.
Same results were collected by Wang [30] and Xiong
[31] in their review with meta-analysis on 8 studies each:
they found no significant differences in operation time,
estimated blood loss, recovery outcome, postoperative
morbidity and mortality, length of hospital stay, and the
oncological accuracy of resection and local recurrence be-
tween laparoscopic and robotic groups.

All cited literature meta-analyses failed to consider the
completeness of mesorectum excision.

Starting from this assumption and considering the lack of a
gold standard for rectal cancer surgery, we designed, for the
first time, a meta-analysis which included the studies specifi-
cally providing the outcome of complete TME in robotic ver-
sus laparoscopic approach.

By pooling together 1510 procedures (687 robotic and
823 laparoscopic), we are able to show that robotic surgery
could be considered the better way to obtain completeness
of total mesorectal excision; our data also underline no
differences between laparoscopic and robotic approach in
terms of nearly complete and incomplete TME.
Furthermore, considering the aggregate date of acceptable
TME and non-complete TME, no significant differences
were found between the two procedures. The data analysis
could carry out the conclusion that laparoscopic approach
determines a higher incidence of nearly complete TME.

In details, the studies included in our meta-analysis which
express the superiority of robotic surgery in terms of com-
pleteness of TME were as follows: Allemann and colleagues
[13], who found a better quality of RTME against LTME
(complete TME, 95% vs 55%); also Aselmann et al. [14]
compared 44 RTME and 41 LTME underlining that the qual-
ity of the TME specimen was significantly better in the RTME
group and the conversion rate tended to be lower in the RTME
group. Same results were obtained by Kim et al. [19], who, in
their analysis on 33 RTME and 66 LTME, found that TME
quality was complete in 97.0% in the robotic group and 91.0%
in the laparoscopic group. The quality of mesorectum was in
favor of the robotic approach also in the study of Serin [22] in
his work on 65 LTME and 14 RTME (80% vs 100%
respectively).

In a single-center analysis of 130 consecutive patients,
Valverde and colleagues [24] obtained a complete
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mesorectum excision in 88% for RTME vs 82% of LTME,
with a greater conversion rate in the laparoscopic group.

Finally, Jayne and colleagues [15], in the ROLARR trial
among 471 randomized patients to robotic-assisted (n =237)
or conventional (n = 234) laparoscopic rectal cancer resection,
found a non-inferiority of robotic approach in terms of com-
pleteness of TME, postoperative complications, and 30-day
mortality.

However, it has to be highlighted that we found a signifi-
cant heterogeneity among the included studies and this is
probably due to the confounding effect of patients” demo-
graphic and oncological features of the various populations
involved; for this reason, we realized all possible meta-
regressions to investigate the influence of patients’ and tu-
mors’ characteristics on the primary outcome, founding there
is no impact of these parameters. Moreover, we can assess that
none of patients” and tumors’ characteristics (age, male gen-
der, BMI, ASA Score, neoadjuvant chemoradiotherapy, tu-
mor’s localization, and AJCC stage) significantly impacted
on completeness of TME.

Thus, our results are encouraging to consider that the ro-
botic approach to rectal resection is the better way to obtain a
complete TME resection. According to Creavin and consider-
ing that robotic instruments are more comfortable, this could
be due to the lower amount of grasping and traction required
on the tissues which causes shearing of the mesorectal
envelope.

However, another limitation of our study is the lack of
high-quality studies in literature about the completeness of
TME between the two minimally invasive approaches: be-
tween the 12 papers included in our analysis, just Jayne
et al. [18] realized a randomized controlled trial and this could
determine a poor power of the available evidences. Moreover,
we have to underline that we recorded a high number of upper
rectum treated with TME (from 30.05 to 43.33%) and this can
be considered an important patients’ selection bias in the an-
alyzed studies.

Basing on the completeness composite outcome, it is man-
datory that randomized clinical trials should be performed to
assess definitively if robotic minimally invasive surgery is
safe and effective as laparoscopic resection.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Senagore AJ (2015) Adoption of laparoscopic colorectal surgery: it
was quite a journey. Clin Colon Rectal Surg 28:131-134

2. Jayne DG, Thorpe HC, Copeland J, Quirke P, Brown JM, Guillou
PJ (2010) Five-year follow-up of the Medical Research Council

@ Springer

10.

12.

13.

14.

15.

16.

17.

18.

CLASICC trial of laparoscopically assisted versus open surgery
for colorectal cancer. Br J Surg 97:1638—1645

Lee L, Wong-Chong N, Kelly JJ, Nassif GJ, Albert MR, Monson
JRT (2018) Minimally invasive surgery for stage III colon adeno-
carcinoma is associated with less delay to initiation of adjuvant
systemic therapy and improved survival. Surg Endosc 2:460-470.
https://doi.org/10.1007/s00464-018-6319-5

Heald RJ, Husband EM, Ryall RD (1982) The mesorectum in rectal
cancer surgeryethe clue to pelvic recurrence? BrJ Surg 69:613-616
Stevenson AR, Solomon MJ, Lumley JW, Hewett P, Clouston AD,
Gebski VI, Davies L, Wilson K, Hague W, Simes J, ALaCaRT
Investigators (2015) Effect of laparoscopic-assisted resection vs
open resection on pathological outcomes in rectal cancer: the
ALaCaRT randomized clinical trial. JAMA 314(13):1356-1363
Fleshman J, Branda M, Sargent DJ, Boller AM, George V, Abbas
M, Peters WR Jr, Maun D, Chang G, Herline A, Fichera A, Mutch
M, Wexner S, Whiteford M, Marks J, Birnbaum E, Margolin D,
Larson D, Marcello P, Posner M, Read T, Monson J, Wren SM,
Pisters PWT, Nelson H (2015) Effect of laparoscopic-assisted re-
section vs open resection of stage II or III rectal cancer on patho-
logic outcomes: the ACOSOG Z6051 randomized clinical trial.
JAMA 314(13):1346-1355

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group
(2009) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med 6(7):¢1000097
Hozo SP, Djulbegovic B, Hozo I (2005) Estimating the mean and
variance from the median, range, and the size of a sample. BMC
Med Res Methodol 5:13

Sterne JA, Egger M, Smith GD (2001) Systematic reviews in health
care: investigating and dealing with publication and other biases in
meta-analysis. BMJ 323:101-105

Duval S, Tweedie R (2000) Trim and fill: a simple funnel-plot-
based method of testing and adjusting for publication bias in me-
ta-analysis. Biometrics 56:455-463

Higgins JP, Altman DG, Getzsche PC et al (2011) The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ 343:d5928

Stang A (2010) Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of non-randomized studies in meta-
analysis. Eur J Epidemiol 25:603—605

Allemann P, Duvoisin C, Di Mare L et al (2016) Robotic-assisted
surgery improves the quality of total mesorectal excision for rectal
cancer compared to laparoscopy: results of a case-controlled anal-
ysis. World J Surg 40(4):1010-1016

Aselmann H, Kersebaum JN, Bernsmeier A et al (2018, 2018)
Robotic-assisted total mesorectal excision (TME) for rectal cancer
results in a significantly higher quality of TME specimen compared
to the laparoscopic approach-report of a single-center experience.
Int J Colorectal Dis

Barnajian M, Pettet D 3rd, Kazi E et al (2014) Quality of total
mesorectal excision and depth of circumferential resection margin
in rectal cancer: a matched comparison of the first 20 robotic cases.
Color Dis 16(8):603-609

Colombo PE, Bertrand MM, Alline M, Boulay E, Mourregot A,
Carrere S, Quénet F, Jarlier M, Rouanet P (2016) Robotic versus
laparoscopic total mesorectal excision (TME) for sphincter-saving
surgery: is there any difference in the transanal TME rectal ap-
proach? : a single-center series of 120 consecutive patients. Ann
Surg Oncol 23(5):1594-1600

Gorgun E, Ozben V, Costedio M, Stocchi L, Kalady M, Remzi F
(2016) Robotic versus conventional laparoscopic rectal cancer sur-
gery in obese patients. Color Dis 18(11):1063-1071

Jayne D, Pigazzi A, Marshall H, Croft J, Corrigan N, Copeland J,
Quirke P, West N, Rautio T, Thomassen N, Tilney H, Gudgeon M,
Bianchi PP, Edlin R, Hulme C, Brown J (2017) Effect of robotic-
assisted vs conventional laparoscopic surgery on risk of conversion


https://doi.org/10.1007/s00464-018-6319-5

Int J Colorectal Dis (2019) 34:983-991

991

19.

20.

21.

22.

23.

24.

25.

to open laparotomy among patients undergoing resection for rectal
cancer: the ROLARR randomized clinical trial. JAMA 318(16):
1569-1580

Kim YS, Kim MJ, Park SC, Sohn DK, Kim DY, Chang HJ, Nam
BH, Oh JH (2016) Robotic versus laparoscopic surgery for rectal
cancer after preoperative chemoradiotherapy: case-matched study
of short-term outcomes. Cancer Res Treat 48(1):225-231

Lim DR, Bae SU, Hur H, Min BS, Baik SH, Lee KY, Kim NK
(2017) Long-term oncological outcomes of robotic versus laparo-
scopic total mesorectal excision of mid-low rectal cancer following
neoadjuvant chemoradiation therapy. Surg Endosc 31(4):1728—
1737

Ramji KM, Cleghorn MC, Josse JM, MacNeill A, O’Brien C,
Urbach D, Quereshy FA (2016) Comparison of clinical and eco-
nomic outcomes between robotic, laparoscopic, and open rectal
cancer surgery: early experience at a tertiary care center. Surg
Endosc 30(4):1337-1343

Serin KR, Gultekin FA, Batman B, Ay S, Kapran Y, Saglam S,
Asoglu O (2015) Robotic versus laparoscopic surgery for mid or
low rectal cancer in male patients after neoadjuvant chemoradiation
therapy: comparison of short-term outcomes. J Robot Surg 9(3):
187-194

Silva-Velazco J, Dietz DW, Stocchi L, Costedio M, Gorgun E,
Kalady MF, Kessler H, Lavery IC, Remzi FH (2017) Considering
value in rectal cancer surgery: an analysis of costs and outcomes
based on the open, laparoscopic, and robotic approach for
proctectomy. Ann Surg 265(5):960-968

Valverde A, Goasguen N, Oberlin O, Svrcek M, Fléjou JF, Sezeur
A, Mosnier H, Houdart R, Lupinacci RM (2017) Robotic versus
laparoscopic rectal resection for sphincter-saving surgery: patholog-
ical and short-term outcomes in a single-center analysis of 130
consecutive patients. Surg Endosc 31(10):4085-4091

van der Pas MH, Haglind E, Cuesta MA, Fiirst A, Lacy AM, Hop
WC, Bonjer HJ, COlorectal cancer Laparoscopic or Open

Resection IT (COLOR II) Study Group (2013) Laparoscopic versus
open surgery for rectal cancer (COLOR II): short-term outcomes of
a randomised, phase 3 trial. Lancet Oncol 14(3):210-218

26. Martinez-Pérez A, Carra MC, Brunetti F, de’Angelis N (2017)
Short-term clinical outcomes of laparoscopic vs open rectal exci-
sion for rectal cancer: a systematic review and meta-analysis. World
J Gastroenterol 23(44):7906-7916

27. Creavin B, Kelly ME, Ryan E, Winter DC (2017) Meta-analysis of
the impact of surgical approach on the grade of mesorectal excision
in rectal cancer. Br J Surg 104(12):1609-1619

28. LiX, WangT, Yao L, HuL, Jin P, Guo T, Yang K (2017) The safety
and effectiveness of robot-assisted versus laparoscopic TME in pa-
tients with rectal cancer: a meta-analysis and systematic review.
Medicine (Baltimore) 96(29):¢7585

29. Prete FP, Pezzolla A, Prete F, Testini M, Marzaioli R, Patriti A,
Jimenez-Rodriguez RM, Gurrado A, Strippoli GFM (2018)
Robotic versus laparoscopic minimally invasive surgery for rectal
cancer: a systematic review and meta-analysis of randomized con-
trolled trials. Ann Surg 267(6):1034-1046

30. Wang Y, Zhao GH, Yang H, Lin J (2016) A pooled analysis of
robotic versus laparoscopic surgery for total mesorectal excision
for rectal cancer. Surg Laparosc Endosc Percutan Tech 26(3):259—
264

31. Xiong B, Ma L, Huang W, Zhao Q, Cheng Y, Liu J (2015) Robotic
versus laparoscopic total mesorectal excision for rectal cancer: a
meta-analysis of eight studies. J Gastrointest Surg 19(3):516-526

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Completeness of total mesorectum excision of laparoscopic versus robotic surgery: a review with a meta-analysis
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Literature search strategy
	Study selection
	Data extraction
	Statistical analysis
	Risk of bias assessment
	Quality assessment

	Results
	Literature search
	Characteristics of the included studies
	Primary outcome
	Secondary outcomes
	Meta-regression analysis
	Publication bias

	Discussion
	References


