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A B S T R A C T

Background: The aim of this meta-analysis was to determine whether transanal total mesorectal excision
(taTME) improves histopathology metrics and/or complication rates when compared to robotic total mesorectal
excision (R-TME) of resectable rectal cancer.
Methods: MEDLINE, Pubmed, Cochrane Library, and Scopus were systematically searched by two independent
researchers. Six observational studies totaling 1,572 patients (811 taTME; 761 R-TME) were included after
screening 14 potentially eligible records. Mantel-Haenszel method using odds ratios with 95% confidence in-
tervals (OR (95%CI)) and inverse variance with mean difference with 95% confidence intervals (MD (95%CI)) as
an effect measure for dichotomous and continuous variables, respectively, was employed for meta-analysis.
Statistical heterogeneity among effect estimates was evaluated using I2 and Tau2.
Results: Circumferential resection margin (CRM) involvement rates (3.8% taTME; 5.3% R-TME) did not differ
[OR (95%CI)= 0.86 (0.35, 2.15); p= 0.75] with low among-study heterogeneity (I2= 21%). Complication
rates (35.4% taTME; 32.3% R-TME) did not differ [OR (95%CI)= 0.92 (0.64, 1.32); p= 0.65], although with
moderate among-study heterogeneity (I2= 40%). CRM involvement [OR (95%CI)= 0.76 (0.40, 1.43);
p= 0.40] and complication rates [OR (95%CI)= 0.84 (0.59, 1.21); p= 0.35] did not significantly differ in
subgroup meta-analysis including mid- and low rectal cancer. Distal resection margin (mm) did not significantly
differ between the interventions [MD (95%CI)=−0.41 (−1.29, 0.47); p= 0.37].
Conclusions: This meta-analysis found that taTME of rectal cancer does not improve histopathology metrics and
complication rates when compared to R-TME.

1. Introduction

Total mesorectal excision (TME) has become the gold standard for
resection of rectal cancer with curative intent. Circumferential resection
margin (CRM) and quality of TME are the most critical histopathology
metrics directly affecting local recurrence and cancer-specific survival
rates [1]. There is a concern that obese males with low rectal cancer
and bulky mesorectum [2,3] in a narrow pelvis [4] may currently be
undergoing sphincter-sparing resection with involved CRM and poor
quality of TME [5]. This reasonable concern prompted a search for
different strategies among which transanal TME (taTME) seems to be
promoted as an alternative to transabdominal TME. It seems appro-
priate to contribute to the ongoing debate as to whether taTME could
lead to higher rates of uninvolved CRM and improved TME quality. In
this regard, the question is what would be the most appropriate

approach taTME should be compared to. Although the conclusions of
the ACOSOG-Z6051 trial seem to favor open rather than laparoscopic
surgery, a return to conventional surgery would seem unlikely at this
time [6]. Hence, some form of minimally invasive surgery is here to
stay and is likely to include robotic assistance [7,8]. This meta-analysis
aimed at determining whether taTME improves histopathology metrics
and/or complication rates when compared to robotic TME (R-TME).

2. Methods

Literature search was conducted according to recently published
recommendations [9]. MEDLINE via Ovid, Pubmed, Cochrane Library,
and Scopus were systematically searched by two researchers in-
dependently (GM, TI). The criterion for inclusion in quantitative data
synthesis was any observational or experimental study comparing
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taTME to R-TME in patients with rectal cancer. Non-comparative stu-
dies and studies comparing either taTME or R-TME to an irrelevant
intervention were included in qualitative data synthesis, however, ex-
cluded from the meta-analysis. Pathology and clinical outcomes were
CRM involvement and postoperative complication rates, respectively.
The quality of the included studies was assessed using Newcastle-Ot-
tawa scale for cohort studies. RevMan (version 5.3; Nordic Cochrane
Center, Cochrane Collaboration, Copenhagen, Denmark) was used for
statistical analysis. Mantel-Haenszel method using odds ratios with 95%
confidence intervals (OR (95%CI)) as an effect measure was employed
to compare dichotomous variables. Continuous variables were com-
pared using inverse variance method with mean difference and stan-
dard error (MD (95%CI)) as an effect measure. Hozo's formula was
utilized to estimate mean and standard deviation for the outcomes re-
ported in median with interquartile range [10]. Statistical hetero-
geneity among effect estimates was evaluated using I2. Random-effects
model for meta-analysis was utilized. Subgroup meta-analysis including
patients with mid- and low rectal cancer only was performed. A p-
value<0.05 was considered statistically significant. Numbers needed
to treat with 95% confidence intervals (NNT (95%CI)) was calculated
for evaluation of clinical significance.

3. Results

Six out of 14 potentially eligible studies were included [11–16]
totaling 1,572 patients (811 taTME and 761 R-TME). A description of
the included studies as well as their quality assessment is shown in
Table 1.

CRM involvement rates were reported in five studies (756 taTME vs.
701 R-TME) [11–14,16]. Pooled CRM involvement rates were 3.8%
(29/756) in taTME and 5.3% (37/701) in R-TME. This difference was
neither statistically nor clinically significant [OR (95%CI)= 0.86 (0.35,
2.15); p= 0.75; NNT (95%CI)= 70 (> 28 to harm,> 142 to benefit)]
with low among-study heterogeneity (I2= 21%) (Fig. 1A).

Complication rates were reported in all studies (808 taTME vs. 759
R-TME after excluding patients with missing data) [11–16]. Pooled
postoperative complication rates were 35.4% (286/808) in taTME and
32.3% (245/759) in R-TME. This difference was neither statistically nor
clinically significant [OR (95%CI)= 0.92 (0.64, 1.32); p= 0.65; NNT
(95%CI)= 33 (> 13 to harm,> 64 to benefit)] with moderate among-
study heterogeneity (I2= 40%) (Fig. 1B).

Four out of the six studies included only patients with mid- and low
rectal cancer [13–16]. A subgroup meta-analysis of the data extracted
from those studies was conducted. A total of 917 patients were included
(359 taTME vs. 558 R-TME). CRM involvement rates were reported in
three studies (304 taTME vs. 498 R-TME) [13,14,16]. Pooled CRM in-
volvement rates were 4.9% (15/304) in taTME and 6.2% (31/498) in R-
TME. This difference was neither statistically nor clinically significant
[OR (95%CI)= 0.76 (0.40, 1.43); p= 0.40; NNT (95%CI)= 78 (> 52
to harm,> 22 to benefit)] with low among-study heterogeneity
(I2= 0%) (Fig. 2A). Complication rates were reported in four studies
(359 taTME vs. 558 R-TME) [13–16]. Pooled postoperative complica-
tion rates were 30.9% (111/359) in taTME and 33.5% (187/558) in R-
TME. This difference was neither statistically nor clinically significant
[OR (95%CI)= 0.84 (0.59, 1.21); p= 0.35; NNT (95%CI)= 39 (> 28
to harm,> 11 to benefit)] with low among-study heterogeneity
(I2= 11%) (Fig. 2B). Distal resection margin (mm) was reported in
three studies (82 taTME vs. 105 R-TME) [13,15,16]. The mean distal
resection margin was found to be 1.7mm in taTME and 2.1mm in R-
TME. Statistical among study heterogeneity was high (I2= 93%;
Tau2= 0.55). This outcome did not significantly differ between the
interventions [MD (95%CI)=−0.41 (−1.29, 0.47); p= 0.37]
(Fig. 2C).

A subset analysis for patients with cancer of the distal 1/3 of the
rectum only could not be done as none of the included studies stratified
the outcomes by distance of the cancer from the anal verge. A Ta
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sequential exclusion of the studies with the highest risk of bias was
performed for sensitivity analysis which did not affect the findings.

4. Discussion

The main finding of this meta-analysis was that taTME of rectal
cancer did not lead to significant improvement of histopathology me-
trics and complication rates as compared to R-TME. The rationale be-
hind taTME stems from a reasonable concern for involved CRM and
incomplete quality of TME in obese males with low rectal cancer and
bulky mesorectum in a narrow pelvis. In fact, the study by Targarona
et al. [4] found that the promontory-subsacrum angle of an android
pelvis can affect histopathology metrics when the resection is carried

out laparoscopically. Two randomized control trials (RCT) (ACOSOG
Z6051 and ALaCart) concluded that laparoscopic TME is not non-in-
ferior to open TME [6,17]. ACOSOG Z6051 and ALaCart chose CRM and
quality of TME as endpoints. Conversely, two other RCTs (COLOR 2 and
COREAN) concluded that laparoscopic TME is not inferior to its open
counterpart based on survival rates, which do not necessarily reflects
the quality of surgery and can rather be impacted by gene mutations,
chemoradiation, etc. [18,19]. It seems reasonable to speculate that the
results of the abovementioned RCTs may turn the attention onto R-
TME. In fact, a matched comparison of the first robotic cases by the
same surgeon showed that the CRM was significantly improved when
compared to open and lap TME despite the learning curve in robotic
surgery [20]. Laparoscopic TME may decrease the CRM due to its

Fig. 1. Forest plots: A. Meta-analysis of CRM involvement rates in taTME vs. R-TME. B. Meta-analysis of postoperative complication rates in taTME vs. R-TME.
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decreased degree of movements, a limitation overcome by the wristed
instruments used in R-TME. The same study also concluded that the
lack of tactile feedback did not adversely impact the quality of TME in
the robotic cases [20]. A recent RCT comparing R-TME to laparoscopic
TME concluded that R-TME, when performed by surgeons with varying
experience in robotic surgery, does not confer an advantage in rectal
cancer resection [21].

The fact that taTME would result in a very low anastomosis re-
gardless of tumor location is particularly concerning when the
International taTME Registry reports that 38% of the patients under-
went taTME for tumors located up to 13 cm from the anal verge with a
5-cm distal resection margin [22]. In essence, taTME would have in-
flicted an unnecessary organ loss with the potential morbidity and
functional disadvantages of a very low anastomosis [23].

In 2015 Warren & Solomon emphasized how taTME entails a rectal
transection inside the pelvis, thereby mandating serious scrutiny due to
the potentially increased risk of local recurrence [24]. In January 2019,
the National Norwegian taTME data showed not only an increased rate
but also a new pattern of local recurrence in terms of its multifocality as
well as its early timing after taTME [25]. On the basis of such alarming
data, a consensus was reached to cease performing taTME in Norway
[25].

It has been claimed that transanal TME offers at least three onco-
logical advantages: 1) A longer distal resection margin following taTME
(2.8 ± 1.8 vs 1.7 ± 1.3 cm; p < 0.01) was likely obtained by per-
forming an unnecessary low rectal transection on patients with cancer
of the mid rectum [26]; 2) A decreased rate of involved CRM following
taTME (2 vs 9 cases; p= 0.025) was reported in a randomized clinical
trial despite no difference in mean CRM (7 vs 5mm; P= 0.833) [27]; 3)
Increased rates of complete TME quality following taTME (24 vs 18;
p < 0.05) were claimed in a case series also including abdomino-
perineal resection (APR) cases [28]. In fact, a comparison excluding
APR cases would have resulted in a p= 0.229 (Fisher exact test).

Longer learning curve seems to be the disadvantage of taTME. In
fact, a recent study utilizing CUSUM analysis found that 45 cases would
be required to achieve acceptable quality of TME [29]. The length of
the learning phase in robotic surgery varied from 15 to 29 in previously
reported studies. Moreover, a recent meta-analysis found no detri-
mental impact of the learning curve in robotic surgery on histo-
pathology metrics [30].

Although the International taTME Registry made a serious attempt
to provide real world data on anastomotic leak rates [31], the focus has
rather been on the intraoperative complications of taTME. In fact, un-
familiarity with the anatomy of a bottom up view and/or cavalier

Fig. 2. Forest plots: A. Subgroup meta-analysis of CRM involvement rates in patients with mid- and low rectal cancer undergoing taTME vs. R-TME. B. Subgroup
meta-analysis of postoperative complication rates in patients with mid- and low rectal cancer undergoing taTME vs. R-TME. C. Subgroup meta-analysis of distal
resection margin (mm) in patients with mid- and low rectal cancer undergoing taTME vs. R-TME.
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attempts to carry out the dissection entirely from below might be be-
hind urethra perforations and/or laceration of the internal iliac vein we
heard through the grapevine. A recent study by Shen et al. [32] pro-
vided a substantial contribution in terms of emphasizing the value of
MRI-based preoperative pelvimetry in essence taking the work of Tar-
garona et al. [4] one step farther. Probably, the authors’ most useful
contribution was identifying the landmarks between the trans-anal and
the trans-abdominal phases of the operation [32] as a reminder that
taTME is not meant to replace but rather complement its abdominal
counterpart.

This meta-analysis has the following limitations: lack of standardi-
zation in reporting outcome metrics renders quantitative synthesis of
the data difficult; all reports were observational studies with substantial
risks of Berkman's, performance, and reporting biases; the learning
curve was not taken into account in any of the six studies, thereby,
introducing a risk of control group bias.

This meta-analysis found that taTME of rectal cancer did not lead to
significant improvement of histopathology metrics and complication
rates when compared to R-TME.
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