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Abstract 

Background: 
Due to the pelvic anatomy, surgery for low rectal cancer is more challenging. 
Relevant literature on surgical technique and rectal cancer outcomes include  all 
heights, creating a heterogeneous patient cohort, which limits a valid comparison 
between minimal invasive total mesorectal excision (TME) approaches. This study 
compared oncological outcomes, specifically for MRI-defined low rectal cancer, for 
standard pure abdominal minimal invasive TME approaches (sTME) versus transanal 
TME (TaTME). 

Methods: 
This was a multicentre observational comparative cohort study, conducted in nine 
tertiary centres. From January 2013 to December 2018, all consecutive TME cases for 
primary rectal adenocarcinoma were analysed, and included if the tumour was 
classified as low according to the MRI-based LOREC definition. Main endpoint was 
oncological outcome for sTME versus TaTME. Parameters for the short-term 
included histopathological involved resection margin (R1) and composite of poor 
pathology (defined as R0, (nearly-) complete TME specimen and no rectal 
perforations). Oncological parameters for the intermediate-term were 2-year local 
recurrence (LR) rate, 2-year disease-free survival (DFS) and 2-year overall survival 
(OS), calculated by Kaplan-Meier survival analysis. 

Results: 
A total of 797 patients were included (413 sTMEand 384 TaTME). No differences in 
patient- and tumour baseline characteristics were observed. Tumour height from 
anorectal junction was 1.6 cm and 2.0 cm for sTME and TaTME, respectively 
(P=0.261). Irradical resection margin (R1) was 11% after sTME, versus 14% after 
TaTME (P=0.350) and composite of poor pathology was 15% and 18%, for sTME and 
TaTME, respectively (P=0.392).  Median follow-up was 26 months [IQR 14-40]. 
Kaplan-meier analysis showed 2-year LR rate was 4.6% after sTME and 4.7% after 
TaTME (P=0.707). Two-year disease-free survival was 77% for sTME versus 82% for 
TaTME (P=0.079) and 2-year overall survival was 91% versus 94% (P=0.104). 

Conclusion:  
In this selected homogeneous group of patients with MRI-defined low rectal cancer, 
TaTME was equivalent to the established sTME regarding oncological outcomes. 
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Introduction 

In rectal cancer surgery, achieving a good quality total mesorectal excision (TME) 
specimen with tumour-free resection margins is of paramount importance, hereby 
reducing the risk of loco-regional recurrence and improve cancer-free survival.1-4 Low 
rectal cancer, however, remains technically challenging as a result of the anatomical 
constraints in the lower pelvis. As the distance between the rectal wall and 
mesorectal fascia narrows towards the anus, the margin for error decreases, in an 
already very confined space. Consequently, outcomes after surgery for low rectal 
cancer are worse.5, 6 
Yet, in most literature on oncological outcomes after TME surgery, the results are not 
analysed or reported according to tumour height,  thereby including a heterogeneous 
patient cohort which limits a valid comparison between minimal invasive total 
mesorectal excision (TME) approaches. Even if a distinction according to height is 
made, the definition of low rectal cancer is quite variable. Mostly, centimeters are 
measured between the anal verge (AV) or anorectal junction (ARJ) on endoscopy 
and/or on magnetic resonance imaging(MRI), considering a tumour within 4-5 cm 
from the AV as low. But these definitions with distance from AV or ARJ do not 
account for anatomical variations and different lengths of the anal- canal. The English 
Low Rectal Cancer National Development Program (LOREC)7 proposed the use of a 
MRI-based definition for low rectal cancer; a rectal tumour with the lower edge at, or 
below the virtual line between the origin of the levator ani on the pelvic sidewall on 
T2 weighted MRI-scans (Figure 1). Using this definition, based on the anatomical 
landmark were the tapering of the mesorectum starts and the margin for error 
reduces, a homogeneous group known to pose greater surgical difficulty is selected.   
This study aimed to analyse oncological outcomes specifically for MRI-defined low 
rectal cancers, by comparing minimally invasive TME approaches for the surgical 
treatment of rectal cancer.  

Methods 

Study population and data collection 
In this multicentre observational cohort study, oncological outcomes of a pure 
abdominal, standard minimal invasive approach to TME (sTME; including 
laparoscopic- and robotic TME) versus transanal total mesorectal excision (TaTME) 
were evaluated, specifically for MRI-defined low rectal cancers. All consecutive TME 
cases operated between January 2013 and December 2018 for primary rectal 
adenocarcinoma in 9 centres were analysed. Tumours were only included if they were 
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classified as “low” on MRI, according to the LOREC definition (see section below). 
Both low anterior resections (LAR) and abdominoperineal excisions (APE) were 
included. Procedures for palliative intent, recurrence or after a local excision were 
excluded, as well as cases in which no pre-operative MRI-scan was available. 
Additionally clinical T4-stages were excluded as they are a relative contraindication 
for TaTME and open procedures as primary open surgery is only performed for locally 
advanced tumours that require beyond TME surgery or exenterations.  
Data regarding baseline demographics, pre-operative MRI, operative and post-
operative details, histopathological outcomes and oncological follow-up were 
collected from either the prospective TaTME International registry8 or from 
prospective institutional databases. Data from each individual centre was then 
recorded on a study-specific case record form and sent to the main research centre. 
Prior to data collection and analysis, the study protocol was approved by the 
institutional ethics review board in the Amsterdam UMC, the Netherlands. Patient 
consent was obtained for patients entered on the prospective International TaTME 
Registry. For all centres a contract of data sharing was signed, and local IRB approval 
was obtained. 

Figure 1. LOREC definition 
Left. Sagittal T2 MRI scan showing the virtual line (red) between the origin of the levator 
ani (yellow arrow) and the pubic bone. 
Right. Coronal T2 MRI scan showing the virtual line (red) between the origin of the levator 
ani (yellow arrows) on the pelvic sidewall. 
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MRI-defined low rectal cancer 
In order to create a homogeneous group of patients with low rectal cancer, the 
objective MRI-based LOREC definition7 was used. A tumour was only included if the 
lower edge of the tumour was at, or below, the virtual line between the origin of the 
levator plate on the pelvic sidewall on coronal T2 MRI , corresponding to the virtual 
line between the origin of the levator plate and the pubic bone on sagittal T2 MRI 
scan. This is shown in Figure 1.  
One of the authors (SR) from the main research centre received an individual face-to-
face training on the LOREC definition from an expert radiologist (GB) in this field. SR 
subsequently trained the local researchers in every participating hospital 
independently by a video call. The first 10 MRI scans from every participating centre 
were reviewed by SR, to decide if the local researcher was proficient in reviewing the 
MRI’s or whether they needed further training. In case of any doubt when reviewing a 
scan, the expert radiologist was asked for a final decision.  

Endpoints 
The main endpoint for this study was short- and intermediate- term oncological 
outcome. Parameters for the short-term included histopathological involved 
resection margin (R1) and composite grade of poor pathology (defined as R1, 
incomplete TME specimen and rectal perforations). Oncological parameters for the 
intermediate-term were 2-year local recurrence (LR) rate, 2-year disease-free survival 
(DFS) and 2-year overall survival (OS), calculated by Kaplan-Meier survival analysis. 

Procedures and definitions 
In all nine centres, pre-operative tumour assessment took place during a multi-
disciplinary meeting, were physical examination, endoscopy, computed tomography 
(CT-) scan of the chest and abdomen, and MRI of the pelvis were discussed. 
Indications for neo-adjuvant treatment were based on local and national guidelines. 
Tumour response to neo-adjuvant therapy was assessed on restaging MRI.  
In most participating hospitals low rectal cancer was an indication for TaTME. Date of 
commencing with TaTME was different among the hospitals and varied between 
2009 and 2017. Surgeons performing TaTME were either pioneers of the technique or 
received training on TaTME by means of (cadaver) training courses. All surgeons were 
experienced in colorectal surgery and skilled in minimal invasive rectal cancer 
surgery. 
The steps of the TaTME technique included in short; insertion of the Gelpoint path, 
closing of the rectal lumen below the tumour with an airtight purse string, extensive 
washout of the rectum, performing the full-thickness rectotomy, and dissection of 
the TME-plane from below and above using conventional laparoscopic instruments. 
All centres but one worked in a two-team simultaneous approach. 
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Abdominal standard minimally invasive TME (sTME) was a procedure with only an 
abdominal approach, and could be performed either with laparoscopic or robotic 
instruments. 
Conversion was defined as an incision longer or different than the planned incision, 
excluding the one necessary for specimen extraction. Anastomotic leakage (AL) was 
defined as a confirmed anastomotic dehiscence (clinical or radiological), or a pelvic 
abscess near the anastomotic site. Histopathological assessment of the specimen 
was carried out by experienced consultant histopathologists. Resection margin 
involvement (R1) was defined as the presence of tumour or malignant lymph node 
one mm or less from the circumferential resection margin (CRM) and/or distal 
resection margin (DRM). Quality of the TME specimens was categorised according to 
the description by Quirke et al.3 ‘Optimal pathological outcome’ was defined as clear 
resection margins (R0), complete or nearly complete TME specimen, and no rectal 
perforations.  
Post-operative oncological follow-up protocol was slightly different in all centres, 
considering adhering to national guidelines. In all centres patients were followed up 
to 3-5 years after surgery, including clinical examination, carcinoembryonic antigen, 
colonoscopy, ultra-sound of the abdomen and in some centres CT-scan – usually 
every 3 months for the first 1-2 years, then increasing the time interval for the 
remaining years. 
LR was defined as any recurrent disease in the pelvis. Either in the prior area of 
dissection, at the anastomotic site or as pelvic nodal disease. Suspicion of LR had to 
be confirmed at least on imaging. Distant recurrence (DR) was defined as metastatic 
localizations outside the pelvis, not present at the time of rectal resection. DFS was 
defined as patients that were alive without signs of LR and/or DR, OS was defined as 
patients alive independent of disease status. 

Statistical analysis 
All categorical data were presented as number of cases and percentages, whilst 
continuous data were shown as median and interquartile range (IQR). Categorical 
and continuous variables were compared using a chi-square test and the Mann-
Whitney U test, respectively. A P-value ≤ 0.05 was considered statistically significant. 
Kaplan-Meier analysis was used to determine the actuarial cumulative proportion of 
LR-, DFS- and OS rates at 2- and 3 years from the date of surgery, censored for the 
patients lost to follow-up or not reaching the follow-up date of 2 or 3 years. Groups 
were compared using the Log-rank test. Uni- and multivariable cox-regression 
analysis was used to evaluate the association between potential risk factors and LR.  
Data was analysed using the Statistical Package for Social Sciences (SPSS) of IBM 
Statistics, version 25.0. 
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Results 

Between 2013 and 2018, 2799 consecutive patients underwent a TME procedure for 
primary rectal cancer in the 9 collaborating centres. After reviewing all MRI scans and 
excluding palliative procedures, recurrences and local excisions, 946 patients were 
defined as having a low rectal cancer according to the LOREC definition. Finally, after 
excluding open procedures (n=34; 4%) and cT4-stages (n=119; 13%) 797 patients were 
included for analysis. 
Patient- and tumour characteristics (Table 1) reveal that there were no significant 
differences in baseline. The groups consisted of predominantly males (59% versus 
61%, P=0.696), with a median age of 65 [IQR 56 – 73] and median BMI was 25 [IQR 23 
– 28] and 25 [IQR 23 – 27] kg/m2 (P=0.543) in the sTME and TaTME group,
respectively. Median tumour height from anorectal junction was 1.6 cm [IQR 0-3cm] 
and 2.0 cm [IQR 0-3cm] (P=0.261) and located anteriorly in 55% and 60% (P=0.176) in
the sTME and TaTME group, respectively. Clinical T-stages, N-stages and M-stages 
were not different between the groups. The majority of the patients in both groups
underwent neo-adjuvant therapy; 71% in the sTME and 68% in the TaTME group
(P=0.401).
Operative details are shown in Table 1. More restorative procedures were done in the
TaTME group; LAR with primary anastomosis and deviating stoma was performed in
60% in sTME and in 72% in TaTME (P<0.001) and LAR with primary anastomosis
without deviating stoma was performed in 4% in sTME and in 16% in TaTME
(P<0.001);. A LAR without primary anastomosis and with  (permanent) stoma
(Hartmann procedure) was not performed often in both groups (4% and 3%,
P=0.588), while an APE was more often performed in the sTME group (32% versus
8%, P<0.001). The abdominal approach was done via laparoscopy in most of the
procedures in both groups (93% and 98%, P<0.001) and operative time was lower in
the TaTME group, with a median of 232 [IQR 175-300] minutes, while this was 277
[IQR 210-375] minutes in the sTME group (P<0.001). Conversion to laparotomy
occurred more often in the sTME group (6% and 2%, P=0.026). Two cases (0.5%) of
CO2 embolisms were noted in the TaTME group.
Hospital stay after index surgery was 8 days in both groups (P=0.177). Morbidity
within 30 days after surgery was 38% in sTME and 44% in TaTME (P=0.115) (41%
overall). This resulted in a Clavien-Dindo ≥3 of 13% in sTME and 16% in TaTME
(P=0.259) (14% overall). An anastomotic leak occurred in 13% in sTME versus 12% in
TaTME (P=0.870) (12% overall).
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Table 1. Patient- and tumour characteristics 

Total cohort 
N= 797 (%) 

Standard TME 
N= 413 (51%) 

Transanal TME 
N=  384 (48%) 

P-value

Patient characteristics 
Male sex 487/797 (60.0) 245/413 (59.3) 233/384 (60.7) 0.696 
Age in years, median [IQR] 65 [56 – 73] 64 [56 – 73] 65 [57 – 73] 0.442 
ASA ≥ 3 103/797 (12.9) 55/413 (13.3) 48/384 (12.5) 0.731 
BMI in kg/m2, median [IQR] 

 ≥ 30 
25.0 [22.5 – 27.6] 

91/770 (11.8) 
25.0 [22.5 – 27.7] 

45/397 (11.3) 
24.8 [22.7 – 27.2] 

46/373 (12.3) 
0.543 
0.668 

Tumour characteristics 
Tumour height from ARJ in cm, median [IQR] 

 ≤ 1 cm
1.9 [0.0 – 3.0] 

323/791 (40.8) 
1.6 [0.0 – 3.0] 
179/413 (43.3) 

2.0 [0.5 – 3.0] 
144/378 (38.1) 

0.261 
0.134 

Anterior tumour location 427/750 (56.9) 222/406 (54.7) 205/344 (59.6) 0.176 
cT-stage on baseline MRI 

 T1
 T2
 T3
 Tx

21/797 (2.6) 
178/797 (22.3) 
589/797 (73.9) 

9/797 (1.1) 

12/413 (2.9) 
87/413 (21.1) 

307/413 (74.3) 
7/413 (1.7) 

9/384 (2.3) 
91/384 (23.7) 

282/384 (73.4) 
2/384 (0.5) 

0.347 

cN≥1-stage on baseline MRI 451/778 (58.0) 239/398 (60.1) 212/380 (55.8) 0.229 
cM1-stage 43/794 (5.4) 23/411 (5.6) 20/383 (5.2) 0.816 
Threatened MRF on baseline MRI 245/754 (32.5) 141/402 (35.1) 104/352 (29.5) 0.106 
Received neo-adjuvant therapy 

 RT
 CRT
 Chemotherapy only

551/797 (69.1) 
84/797 (10.5) 

462/797 (58.0) 
4/797 (0.5) 

291/413 (70.5) 
40/413 (9.7) 

248/413 (60.0) 
3/413 (0.7) 

260/384 (67.7) 
44/384 (11.5) 

214/384 (55.7) 
1/384 (0.3) 

0.401 
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Operative details 
Restorative procedure 

 LAR and primary anastomosis with deviating
stoma

 LAR and primary anastomosis without
deviating stoma

Non-restorative procedure 
 LAR without primary anastomosis with

(permanent) stoma
 APE with permanent stoma

604/797 (75.8) 
523/797 (65.6) 

81/797 (10.2) 

193/797 (24.2) 
30/797 (3.8) 

163/797 (20.5) 

264/413 (63.9) 
246/413 (59.6) 

18/413 (4.4) 

149/413 (36.1) 
17/413 (4.1) 

132/413 (32.0) 

340/384 (88.5) 
277/384 (72.1) 
63/384 (16.4) 

44/384 (11.5) 
13/384 (3.4) 

31/384 (8.1) 

<0.001 
<0.001 
<0.001 

<0.001 
0.588 

<0.001 

Abdominal approach 
 Laparoscopy
 Robotic

757/794 (95.3) 
37/794 (4.7) 

380/410 (92.7) 
30/410 (7.3) 

377/384 (98.2) 
7/384 (1.8) 

<0.001 

Operative time in minutes, median [IQR] 255 [185 – 335] 277 [210 – 369] 232 [175 – 300] <0.001 
Conversion to laparotomy 28/700 (4.0) 19/331 (5.7) 9/369 (2.4) 0.026 

SD: standard deviation; IQR: Interquartile range; ASA: American Society of Anaesthesiologists-Classification; BMI: Body Mass Index, ARJ, Anorectal junction; MRI, 
Magnetic Resonance Imaging; cT-stage: clinical tumour stage; cN-stage: clinical nodal stage; cM-stage: clinical metastatic stage; MRF: Mesorectal fascia, defined as 
threatened if the distance of tumour or malignant lymph node to the mesorectal fascia was 1 mm or less; RT: Radiotherapy, any type; CRT: Chemoradiotherapy. LAR: 
Anterior resection; APE: Abdominoperineal excision. 
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Table 2. Oncological outcomes; histopathological and intermediate-term 

Total cohort 
N= 797 (%) 

Standard TME 
N= 413 (51%) 

Transanal TME 
N=  384 (48%) 

P-value

Histopathological outcomes 
(y)pT-stage 

 T0
 T1
 T2
 T3
 T4

68/797 (8.5) 
68/797 (8.4) 

279/797 (35.0) 
369/77 (46.3) 

13/797 (1.6) 

34/413 (8.2) 
32/413 (7.7) 

141/413 (34.1) 
198/413 (47.9) 

8/413 (1.9) 

34/384 (8.9) 
36/384 (9.4) 

138/384 (35.9) 
171/384 (44.5) 

5/384 (1.3) 

0.757 

(y)pN-stage 
 N0
 N1 
 N2

510/796 (64.1) 
199/796 (25.0) 

87/796 (10.9) 

256/412 (62.1) 
111/412 (26.9) 

45/412 (10.9) 

254/384 (66.1) 
88/384 (22.9) 
42/384 (10.9) 

0.409 

No residual malignancy ((y)pT0N0) 60/797 (7.5) 27/413 (6.5) 33/384 (8.6) 0.272 
R1 (excluding cases with no residual malignancy) 

 Only DRM+
 Only CRM+
 DRM+ and CRM+

92/737 (12.5) 
21/737 (2.8) 
60/737 (8.1) 
11/737 (1.5) 

44/386 (11.4) 
8/386 (2.1) 

33/386 (8.5) 
3/386 (0.8) 

48/351 (13.7) 
13/351 (3.7) 
27/351 (7.7) 
8/351 (2.3) 

0.350 
0.184 
0.671 
0.093 

TME specimen 
 Complete
 Nearly complete
 Incomplete

629/788 (79.8) 
123/788 (15.6) 

36/788 (4.6) 

320/411 (77.9) 
68/411 (16.5) 

23/411 (5.6) 

309/377 (82.0) 
55/377 (14.6) 

13/377 (3.4) 

0.237 

Rectal tube perforation 19/797 (2.4) 6/413 (1.5) 13/384 (3.4) 0.074 
Composite poor pathology* 130/792 (16.4) 63/411 (15.3) 67/381 (17.6) 0.392 
(y)pT-stage: pathological tumour stage; (y)pN-stage: pathological nodal stage; TME: total mesorectal excision, R1: irradical resection margin (defined as tumour or 
malignant lymph nodes at or within 1 mm from the resection line). 
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Table 3. Multivariate analysis of risk factors for composite poor pathology 

Variables Total cohort 
OR (95% CI) P-value

sTME 
OR (95% CI) P-value

TaTME 
OR (95% CI) P-value

Male sex 
BMI ≥30* 
MRF threatened* 2.10 (1.42 – 3.09) <0.001 1.99 (1.15 – 3.44) 0.014 2.14 (1.22 – 3.75) 0.008 
Distance ARJ ≤1 cm 
Anterior tumour* 
NAT 
TaTME 
APE 2.69 (1.17 – 6.19) 0.020 
Optime >350 min 
(y)pT3-4 1.90 (1.28 – 2.81) 0.001 1.77 (1.01 – 3.10) 0.046 1.97 (1.12 – 3.47) 0.019 
(y)pN1-2

Variables included for univariate analysis: male sex, BMI ≥30, MRF threatened, distance ARJ ≤1cm, anterior tumour, NAT, TaTME, APE, Optime >350 min, (y)pT3-4, (y)pN1-
2. Variables were included for multivariate analysis if P≤0.100 
*BMI (n=27), Anterior (n=47) and MRF threatened (n=43) were imputed 
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Oncological outcomes 
Histopathological outcomes are depicted in Table 2. The pathological tumour and 
nodal ((y)pT and (y)pN)-stages were comparable between the groups (P=0.757 and 
0.409, respectively). No residual malignancy ((y)pT0N0) was found in 7% in the sTME 
group versus 9% in the TaTME group (P=0.272). Excluding these cases, a positive 
resection margin was found in 11% in the sTME group versus 14% in the TaTME group 
(P=0.350), and DRM was affected in 2% in the sTME group and 4% in the TaTME 
group (P=0.184). Of the 21 cases with a positive DRM in the TaTME group, 16 
occurred in the years 2015-2016 and 8 had a tumour height within 1 cm from the ARJ. 
Completeness of the TME specimen was not different between the groups (P=0.237), 
neither was the amount of rectal tube perforations (P=0.074), therefore showing a 
comparable composite endpoint rate of poor pathology of 15% and 18% (P=0.392) in 
the sTME and TaTME group, respectively. In multivariate regression analysis (Table 
3), a threatened MRF on baseline was an independent risk factors for poor 
pathological outcome in both the sTME group (OR 2.0 95% CI 1.2-3.4; P=0.014) and in 
the TaTME group (OR 2.1 95% CI 1.2-3.8; P=0.008). A tumour stage (y)pT3-4 was also 
an independent risk factor in both groups, (OR 1.8 95% CI 1.-3.1; P=0.046) in sTME 
and (OR 2.0 95% CI 1.1-3.5; P=0.01) in TaTME. APE procedure was only an 
independent risk factor in the TaTME group (OR 2.7 95% CI 1.2-6.2; P=0.020). 
Adjuvant therapy was given to 43% of the patients in the sTME group and 36% of 
patients in the TaTME group (P=0.037). 

Median follow-up was 31 months [IQR 15-42] and 23 months [13-36] in sTME and 
TaTME respectively (P<0.001). Median time to LR was 10 months [IQR 4-28] and 11 
months [9-24] in sTME and TaTME respectively (P=0.228). Kaplan-meier survival 
analysis showed 2-year LR rate was 4.6% (95% CI 2.5 – 6.8%) after sTME and 4.7% 
(95% CI 2.1 – 7.2%) after TaTME (P=0.707). Two-year disease-free survival was 77% 
(95% CI 73 – 81%) for sTME versus 82% (95% CI 77 – 86%) for TaTME (P=0.079) and 2-
year overall survival was 91% (95% CI 88 – 95%) versus 94% (95% CI 92 – 96%) 
(P=0.104). Figure 2a, 2b, 2c 
Of the LR patients (n=41), only one in the TaTME group had a multifocal pattern. This 
patients was one of the earliest cases in one of the centres, and had an incomplete 
TME quality and CRM+. Six months after surgery, four small nodules confined in the 
pelvis were found, treated with a resection of the pelvic masses and adjuvant chemo-
radiotherapy. This patient was local recurrence-free at time of data analysis, but was 
now receiving chemotherapy for lung metastases. 
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Discussion 

In this multicentre cohort study, including a selected homogeneous group of patients 
with MRI-defined low rectal cancer, TaTME was equivalent to the established sTME 
regarding oncological outcomes. For both TME approaches, oncological outcomes 
were reassuring, when considering the very low tumours included in this cohort. 
Baseline characteristics reveal no differences between the groups, allowing for a fair 
comparison of outcomes.  
This work was a follow-up study on a previous study by the same co-authors, which 
presented the cases from Oxford University Hospitals, Churchill Hospital, United 
Kingdom.9 It was a propensity matched cohort (following the same in- and exclusion 
criteria), comparing 41 patients in each group (sTME and TaTME). We found an R1 
rate of 12% in sTME and 5% in TaTME (P=0.432), and suggested a larger cohort would 
provide more significant results, although the present study with an extended patient 
cohort of MRI-defined low rectal cancers failed to show better histopathological 
results in the TaTME group.  
The transanal phase was added to the TME principle, in order to overcome the 
limitations posed by a pure abdominal approach, when operating in the deep pelvis. 
As a result, superior oncological outcomes might be expected in this group. 
Nevertheless, when interpreting our results, it should be noted that probably a large 
proportion of the TaTME procedures included in this study, were done when 
surgeons were still in their learning curve for TaTME, whereas laparoscopic TME was 
an established procedure in most centres from around 2000-2005. 
To date, studies comparing oncological outcomes for minimal invasive TME 
approaches in a homogeneous cohort of low rectal cancers, are lacking. Most rectal 
cancer studies include rectal cancers at all heights, therefore limiting a valid 
comparison of TME approaches. A study by Lacy et al5 showed that resection margins 
were affected in almost 18% in low tumours (0-5cm from AV), while this was 8% in 
mid rectal tumours, indicating low rectal cancer entails a completely different group 
of rectal tumours. Instead of measuring centimetres to determine tumour height, in 
this study we used the objective MRI based LOREC definition7 for low rectal cancer, 
which accounts for anatomical differences between people and is based on the point 
from where intra-operative difficulty is expected.  
In this study, rate of affected resection margins, one of the surrogate factors for 
oncological outcome, was 11% and 14% for sTME and TaTME, respectively. It shows 
that a clear resection margin is hard to obtain in low rectal cancers, where the 
mesorectal fat surrounding the rectal wall is limited and where there is little margin 
for error. When compared to other low rectal cancer cohorts, the Bordeaux 
randomised controlled trial showed CRM positivity to be 18% in tumours within 6 cm 
from the anal verge, however this went down to 4% when adding a perineal phase to 
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the procedure. Still, the R1 rate might be seen as relatively high in this study, even 
when considering the low level of the tumours. Especially the DRM+ rate in the 
TaTME group was higher than one would expect. This can be related to the surgeons 
thrive to offer a restorative procedure to patients with a very low rectal cancer. The 
observed shift towards more restorative procedures in TaTME makes one wonder 
whether this is an overestimation of the technique, hence inducing the relatively high 
DRM+ rate in TaTME. When taking a closer look at those DRM+ cases, it seems 
primarily a problem in the first years of TaTME implementation. Early in the learning 
curve many surgeons are tempted towards a tangential dissection of the rectal wall, 
which could cause a positive distal margin, while more experienced surgeons will be 
cautious to perform a perpendicular dissection through the rectal wall. TaTME 
colorectal surgeons seek for a maximum preservation of the distal rectum, but 
offering a non-restorative procedure should always be considered in low rectal 
cancer.5 Better pre-operative selection of patients at risk for R1 would facilitate in 
offering a more patient tailored approach. A predictive model showed that a low 
tumour (within 1 cm from the ARJ) the strongest pre-operative risk factor for pCRM+ 
involvement, with an increasing predicted risk of pCRM+ up to 30% if other risk 
factors were present (extra-mural venous invasion and threatened mesorectal fascia 
on staging MRI, cT4-stage and anterior tumours).10 Of course, R1 rate is also 
influenced by the surgeons level of experience, however, the expertise of the centres 
shines through by the low rate of Hartmann procedures in this cohort (4%), the low 
amount of open procedures (4%), and the low rate of intra-operative conversions to 
laparotomy (4%).  
Published cohort studies on oncological outcomes after TaTME so far, show 
controversial outcomes. The colorectal community was warned by the Norwegian’s, 
when they reported on a local recurrence rate of 8-10% in their national audit, with an 
alarming multifocal pattern in many of the LR cases.11 This rate was affirmed in 
learning curve data from the Netherlands, including the first 10 patients from 12 
centres that were included in a national training program.12 Contrary to this, 
outcomes from centres that adopted TaTME at an early stage, show reassuring 
results, with reported LR ratios of 3-5%, similar to the rates known from sTME.13-17 
The oncological outcomes found in this study, with a 2-year LR rate of 5%, further 
confirm the good outcomes after TaTME when performed in specialised centres 
including a complex patient group, with an inherent higher risk on R1 due to a higher 
risk of R1.14, 18 
When comparing the oncological outcomes in this study with the more established 
conventional techniques, results are also similar. The recently published oncological 
outcomes of the ALACART and ACOSOG trials, show a cumulative incidence of 2-
year LR of 5.4% and 4.6% in the laparoscopic arms versus 3.1% and 4.5% in the open 
arms.19, 20 Nevertheless, the different inclusion criteria (only 35-50% low tumours, 
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different clinical stage, and no pre-operative threatened margins) should be noted. 
Although length of follow-up was different between the groups, we do not expect to 
see an increase in LR rate in the TaTME group with longer follow-up, since median 
time to LR was similar in both groups.  
Oncological superiority was not found after TaTME in this study, so critics of the 
technique could see this as an argument to not expose patients to the learning curve 
effect in absence of a clear oncological benefit. Yet, some clear advantages of TaTME 
are worth mentioning. Despite of the learning curve for TaTME, this technique 
showed already similar oncological outcomes when compared to the long established 
conventional abdominal TME. It remains speculation whether oncological outcomes 
for TaTME further improve after more extensive experience. Concerning operative 
morbidity in the TaTME group, we found the conversion rate to be significantly lower, 
shorter operative time due to the two-team approach and more restorative 
procedures performed with TaTME. Even if more patients in the TaTME group had 
their sphincters preserved, this cannot yet be interpreted as a benefit of TaTME. 
Functional and quality of life status must still be assessed in high-quality studies, 
although smaller cohort studies showed comparable functional and quality of life 
outcomes for laparoscopic and transanal TME.21-23 
The 30-day anastomotic leak (AL) rate probably still is under reported in this study, 
even though we included the pelvic abscesses in this rate. Many patients received a 
defunctioning stoma, therefore concealing the symptoms of a leak and preventing 
prompt diagnosis. From the Dutch snapshot we know that AL was diagnosed within 
30 days in 13% of LAR’s, with an odds ratio of 1.9 for tumours within 3 cm from the 
anorectal junction.24 
We must admit this study has several limitations. As all non-randomised studies, this 
study was subject to selection bias. Not all centres made an abrupt switch to TaTME, 
so there is an overlap period in which centres performed both conventional 
abdominal and transanal TME. However, as baseline characteristics were comparable 
between the groups, selection of ‘easy’ cases depending on type of TME was not very 
likely, possibly since there was already a selection on low tumours in this study. Still 
we do admit that our results could have been influenced by (unknown) confounders. 
However, in awaiting the results of the COLOR-3 trial25, observational comparative 
studies are needed to provide information on oncological outcomes after different 
types of TME approaches. Moreover, some relevant variables, such as tumour 
regression after neo-adjuvancy and extra-mural vascular invasion were not captured 
in this study. Finally, follow-up length was longer in the sTME group, but still reached 
a median of two years in the TaTME group. 
In this unique study, including a large rectal cancer cohort and including solely MRI-
defined low rectal cancer, we have focused on a patient group known to pose greater 
technical difficulty intra-operatively and compared oncological outcomes for minimal 
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invasive TME. TaTME was found to be equivalent regarding oncological outcomes 
when compared to the more established sTME techniques. These results did not 
reveal any oncological concern associated with the TaTME technique. Improving 
patient selection might contribute to improved oncological outcomes after TaTME in 
the future.  
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