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RESEARCH IN CONTEXT
Evidence before this study
Transanal total mesorectal excision (TaTME) is the latest minimally invasive transanal technique in evolution, pioneered to improve clinical, oncological and functional outcomes of rectal excision. Outcomes have been published from single institutions, and small cohorts, with promising short term results, particularly relating to oncological resection for low rectal cancer.  TaTME appears to offer an improved visual field in the low rectum allowing more accurate pelvic dissection without constraints on space, a particular problem in obese males with a narrow pelvis.  However, larger series will be more helpful in assessing the safety and efficacy of taTME in the wider surgical population.  Therefore, an international TaTME registry was launched in July 2014 capturing extensive information on patient care and outcomes.  
Added value of this study
The present study reports the short-term outcomes from the international taTME registry for patients with benign and malignant rectal pathology.  This is the largest taTME series to date from a worldwide surgical community.   
Implications of all the available evidence
Results suggest that TaTME is a safe and effective technique for mesorectal dissection, particularly in the distal rectum, with acceptable short-term patient outcomes and specimen quality. Continued efforts are required to provide structured training for this new technique and well-designed trials are needed to assess short and longer term outcomes of taTME compared with laparoscopic, robotic and open TME surgery.



ABSTRACT 
Background
Transanal total mesorectal excision (TaTME) is the latest minimally invasive transanal technique, currently in evolution, and pioneered to facilitate difficult pelvic dissections in rectal surgery. Outcomes have been published from single institutions and small cohorts; however, larger series will be more helpful in assessing the safety and efficacy of taTME in the wider surgical population.  The present study reports the short-term outcomes from the international taTME registry for patients with benign and malignant rectal pathology.
Methods
Data was analysed from 66 registered units (commencing from July 2014) in 23 countries. The primary endpoint was “good-quality TME surgery”. Secondary endpoints were short-term patient, and procedure related, adverse events. Univariate and multivariate logistic binary regression analysis was used to identify independent predictors of poor specimen outcome.
Findings
Overall 720 consecutively registered cases were analysed comprising 634 patients with rectal cancer and 86 with benign pathology. 67% of patients were male with a mean BMI of 26·5 kg/m2. Abdominal or perineal conversion was 6·3% and 2·8% respectively. An intact TME specimen was achieved in 85% of cases, with minor defects in 11% and major defects in 4%.  The R1 resection rate was 2·7%. Post-operative mortality and morbidity were 0·5% and 32·6% respectively.   Multivariate analysis of poor specimen outcome (sub-optimal TME specimen, perforation and/or R1 resection) were: positive CRM on staging MRI, low rectal tumour <2cm from anorectal junction and laparoscopic transabdominal posterior dissection to below 4cm from anal verge.     
Interpretation
TaTME appears to be an oncologically safe and effective technique for mesorectal dissection in selected cases, particularly for distal dissection, with excellent short-term patient outcomes and good specimen quality. Continued efforts are required to provide structured training in this new technique and well-designed trials are needed to assess short and longer term outcomes of taTME compared with laparoscopic, robotic and open TME surgery.

Funding 
The TaTME registry was funded by the Pelican Cancer Foundation, UK and supported by The Royal Marsden and Imperial College London Biomedical Research Centres.
















Introduction
Colorectal cancer is the third most common cancer in the world, with nearly 1·4 million new cases diagnosed in 2012.1 Treatment of rectal cancer in particular poses unique challenges and has seen major changes over the last few decades.  The gold standard approach to rectal cancer surgery is total mesorectal excision (TME) as popularised by Heald in 1979.2 Following preoperative staging MRI to determine the need for neoadjuvant therapy,3 accurate dissection along the fascia propria can potentially obtain an intact mesorectum with negative distal (DRM) and circumferential resection margins (CRM), which in turn have been shown to improve local recurrence rate and cancer-free survival.4,5  The improved long-term survival of colorectal cancer patients and better understanding of pelvic anatomy have also drawn the attention to sphincter preservation and protection of the splanchnic pelvic nerves in order to provide better long-term functional outcomes.   
The oncological benefits of a good mesorectal specimen were originally shown with open surgery. Following the increasing adoption of laparoscopy, randomised controlled trials (RCT) comparing the two techniques showed largely equivalent outcomes.6,7  However, two more recent RCTs, ACOSOG Z60518 and ALaCaRT,9 failed to show non-inferiority of the laparoscopic TME technique compared to open surgery for oncological outcomes.  Patient-related factors that predict intra-operative difficulty and can potentially increase the risk of local recurrence include male gender, high body mass index (BMI), visceral obesity and a narrow pelvis.10 Bulky tumours and advanced T stage have also been identified as risk factors for a positive CRM.11 These anatomical features pose technical challenges during both laparoscopic and open surgery, with poor visualisation of the mesorectal plane and difficult introduction of instruments into a narrow pelvis; all of which increase the risk of an incomplete mesorectal excision and poor oncological outcomes.  High conversion rates from laparoscopic to open surgery have also been reported with 16% and 11·3% occurring in COLOR II7 and ACOSOG Z60518 trials, respectively, indicating the technical challenges of achieving a successful laparoscopic TME.                        
The transanal approach to pelvic dissection has recently attracted attention with an expectation that it may improve clinical, oncological and functional outcomes by providing better visualisation of pelvic anatomy and a more accurate distal TME dissection.  Transanal TME (taTME) is not a completely new concept, but rather, an amalgamation of important surgical techniques and advances in transanal approaches; namely transanal endoscopy microsurgery (TEM),12 the transabdominal transanal (TATA) approach13 and transanal minimally invasive surgery (TAMIS).14  Since Sylla and Lacy reported their early experience of human hybrid laparoscopic-taTME proctectomy in 2010,15 numerous case series for both benign and malignant cases have been published, many showing encouraging results in terms of safety and efficacy of taTME.16-18
    
The aim of the present study is to report the short-term outcomes of the initial cases reported on the international taTME registry.19 These data give insight into the experience with this new technique in everyday practice from a wide community of rectal surgeons from across the globe. 










Methods
The taTME registry 
The taTME registry is a secure online database developed in the United Kingdom (UK) and funded by the Pelican Cancer Foundation.19 It was launched in July 2014 and can be accessed via the Low Rectal Cancer Development (LOREC) website (http://www.lorec.nhs.uk).  Registration is voluntary and all surgeons performing taTME worldwide are invited to join.  The dataset collected consists of nine sections: patient demographics, pre-operative staging and neoadjuvant treatment, operative details, post-operative clinical and histological outcomes, readmissions details, late morbidity and long-term oncologic follow-up. Ethical approval for the taTME registry and publication of its results was obtained from the UK Health Research Authority (REC reference 15/LO/0499, IRAS project ID 156930).   

Study design and patient population
Cases registered between July 2014 and December 2015 were analysed. These results were recorded in 66 surgical units from 23 different countries worldwide (Appendix 1).  Three months prior to data analysis, all registered surgeons were invited via email to update their records with two subsequent reminders in order to minimise missing data.  Surgeons were also individually contacted to clarify any unexpected or possibly erroneous results that may have been entered incorrectly. Data were gathered on patients with rectal cancer and benign pathology that underwent taTME. Data from cancer cases focused on pre-operative staging, neoadjuvant treatment and histopathological results.  Definitions of variables and outcomes are outlined in Appendix 2.  Missing data did not exceed 15% for each variable and percentages shown take into account missing values.  The primary endpoint of the study was “good-quality TME surgery” defined as a TME dissection that was classed as intact or with minor defects resulting in clear CRM and DRM (R0 resection). The quality of the TME specimen was categorised using the descriptions published by Quirke et al.20 Secondary endpoints include short-term patient and procedure related adverse events. 

Statistical analysis
All categorical data are presented as number of cases and percentages, whilst continuous data are shown as either mean ± standard deviation (range) or median with range.  Univariate and multivariate analyses were performed to identify possible risk factors associated with poor histological features (a composite of R1 resection and poor TME / perforated specimen).  The dependent variables were subdivided into patient-related, tumour-related and technical risk factors.  Univariate analysis comparing categorical variables was performed using the Pearson Chi2 test, and continuous variables were analysed using Mann Whitney U test.  Multivariate analysis was subsequently performed using logistic binary regression for variables that achieved a p-value of ≤ 0·100 on univariate analysis. On multivariate analysis, a p-value <0·05 was considered statistically significant.   The Statistical Package for Social Sciences (SPSS) of IBM Statistics, version 20, was used for the statistical analysis.

Role of funding source
The TaTME registry was funded by the Pelican Cancer Foundation, United Kingdom.  






Results
A total of 720 cases were recorded on the taTME registry during an 18-month period.  The caseload distribution was as follows: 0–5, 6–10, 11–20 and >20 cases in 33 (50%), 12 (18%), 8 (12%) and 13 (20%) units respectively.  The indication for surgery was rectal cancer in 634 cases (88·1%), whilst 86 patients (11·9%) had benign pathology.  Patients’ characteristics are outlined in table 1.
Cancer cases: Pre-operative staging and neoadjuvant therapy
Pre-operative tumour characteristics and neoadjuvant therapy are outlined in table 2.  Low rectal cancer, ≤6cm from anal verge, accounted for 62% of cases.  Mid (7 to 10cm) or high (>10cm) rectal cancer was present in 37% and 1% of cases respectively.  Pre-operative MRI revealed a threatened circumferential resection margin (CRM) in 115 cases (21·1%), of which 8·3% showed nodal involvement, 11% tumour involvement and 1.8% both nodal and tumour involvement.  Baseline MRI staged 185 (33·1%) as T1–T2 rectal cancer, 343 (61·4%) T3 and 31 (5·5%) T4 cancer.  Nodal status was reported as N0, N1 and N2 in 232 (41·8%), 221 (29·8%) and 102 (18·4%) cases respectively.  Synchronous metastatic disease was present in 40 patients (6·6%).  Neoadjuvant treatment was administered to 355 (57%) patients with the majority receiving long course chemoradiotherapy (72%).                    
     
Operative details 
A total of 634 cancer and 86 benign taTME operations were performed.  A break down of the operative features is outlined in table 3.  Simultaneous abdominal and transanal surgery was performed in 227 cases (32·3%).  
Abdominal phase
A minimally invasive approach was adopted for the abdominal phase in 650 (96·9%) patients, with splenic flexure mobilisation performed in 72% of cases.  In cancer resections, the anterior extent of pelvic dissection in males reached the pouch of Douglas (POD), seminal vesicles and prostate in 53%, 38% and 9% respectively.  In female cancer patients, most surgeons (67%) terminated the anterior dissection at the POD, whilst the lowest level reached was the mid-vagina in 7·1% of cases.  The posterior TME dissection performed transabdominally in cancer cases reached a level of 8–10cm, 5–7cm and <5cm from the anal verge in 56%, 31% and 13% respectively.  In benign cases, pelvic dissection was continued to a lower level more frequently than in cancer cases: 42% to POD, 53% seminal vesicles and 5·6% down to the prostate level.  Female anterior dissection reached the mid-vagina in 8%, but most surgeons (68%) stopped at the POD.  Posterior dissection reached 8–10cm, 5–7cm and <5cm from the anal verge in 44%, 36% and 20% of cases respectively.    A pelvic drain was inserted in 65% of cases and a proximal defunctioning stoma created in 538 patients (91%) who underwent anterior resection with primary anastomosis.  
Perineal phase
Rigid and flexible transanal access platforms were used in 14·4% and 85·6% respectively.  Most surgeons (77·8%) used primarily monopolar energy for perineal dissection.  A rectal purse string technique was adopted prior to a full rectotomy in the majority of cancer and benign cases; 62·5% and 52·6% respectively.  The median purse string height from the anorectal junction was 4·0 (range=0–9) in cancer cases and 4·0 (range=0–7) in benign cases.  The anterior dissection in men was performed anterior to Denonvilliers fascia in 66·7% of patients with an anterior tumour.  
Bowel anastomosis was performed manually in 252 cases (43·6%) and stapled in 327 (56·5%) overall.  In cancer cases with a stapled anastomosis, the configuration was side-to-end, end-to-end, colonic-J-pouch and ileal pouch-anal anastomosis (IPAA) in 49·2%, 46·9%, 3·3% and 0·7% of cases respectively.  The stapler diameters used were 28/29mm in 30·6%, 31mm in 12·4% and 33mm in 57% of cases.  For manual anastomoses in cancer patients, the configurations performed included end-to-end, side-to-end, colonic-J-pouch and IPAA in 67·9%, 27·3%, 4·4% and 0·4% respectively.  In benign cases, a side-to-end or IPAA was performed in 10·5% and 89·5% cases of stapled anastomoses respectively.  Three different stapler diameters were used: 28mm (5·3% cases), 29mm (73·7%) and 31mm (21·1%).  The manual anastomosis configuration recorded for three benign cases was end-to-end and IPAA in 1 and 2 cases respectively.      

Adverse events
Intra-operative difficulties and complications
Abdominal conversion (Appendix 2) occurred in 40 cases (6·3%): strategic conversion in 31 cases and reactive in 9 cases.  Significant adverse events reported during the abdominal phase of the operation included two ureteric transections, iatrogenic enterotomy on insertion of a laparoscopic instrument, splenic injury with haemorrhage, and bladder injury during a simultaneous laparoscopic hysterectomy for myomatosis.  
Perineal conversion (Appendix 2) to a more extensive abdominal top-down approach was required in 20 cases (2·8%): strategic and reactive conversions in 11 and 9 cases respectively.  Problems encountered during the perineal dissection included difficulty maintaining a stable pneumopelvis (15·6% of cases), excessive smoke obscuring the view (21·9%), dissection in the incorrect plane (7·8%) and problematic pelvic bleeding that was difficult to control (6·9%).  Visceral injuries that occurred during perineal dissection included five urethral injuries (0·7%), two bladder injuries (0·3%), one vaginal perforation (0·1%), one unilateral resection of hypogastric nerves (0·1%) and two macroscopically identified rectal tube perforations (0·3%).  Minimal intra-operative blood loss of <100mls occurred in the majority of patients (61·2%), with only 6 cases (1%) losing more than one litre.    

Post-operative clinical outcomes
Table 4 outlines the short-term clinical outcomes with a reported overall post-operative mortality rate of 2·4% (n=17) and post-operative morbidity rate of 32·6% (n=213).  All deaths occurred in cancer patients; three of which occurred during the index admission.  The median time of death following surgery was 248 days (range 4 to 1857).  Specific causes of death were not recorded in the registry, but were categorised as cancer-related (six cases), not cancer related (five), post-operative (three) or unknown (one), with 2 missing results.    
Anastomotic leaks were recorded in a total of 40 cases (6·7%); 32 (5.4%) were identified early, with the remaining eight identified at a later stage (>30 days).  Surgical or radiological re-intervention was required in 14 (44%) of the 32 patients, and 10 (31%) of these patients required an unplanned re-admission.  An abdominal or pelvic abscess was recorded in an additional 17 patients without evidence of anastomotic leak.  
An unplanned surgical or radiological intervention was required in 66 (10·1%) patients overall.  Re-operations reported on the registry during the index admission included three laparotomies for ischaemic left colon, one laparotomy for faecal peritonitis, three examinations under anaesthesia for anastomotic leak, two evacuations of haematoma, one negative laparotomy for severe sepsis on day 1 post resection, one incarcerated hernia repair and one case requiring bilateral fasciotomies for compartment syndrome.  
Fifty patients (6·9%) had an unplanned re-admission into hospital. Thirty (60%) of the readmitted patients were treated either conservatively or medically for general malaise, abdominal pain, high stoma output with acute kidney injury, pulmonary embolism, prolonged ileus and delayed anastomotic leak diagnosed during chemotherapy.  Fifteen patients underwent a surgical intervention during their re-admission: one laparotomy for small bowel obstruction requiring small bowel resection, one laparotomy for a coloplasty leak one parastomal hernia repair, one drainage of a perineal abscess, one abdominal wound debridement, one pull-through procedure for anastomotic leak and nine examinations under anaesthesia; with re-suturing of partial anastomotic dehiscence (3 cases), re-do of coloanal anastomosis (1 case), dilatation of a strictured handsewn anastomosis (1 case), placement of endo-VAC therapy (2 cases) for a pelvic abscess and chronic presacral sinus, transanal lavage of the presacral collection following anastomotic dehiscence (1 case) or no further action (1 case).  The remaining five re-admitted patients underwent radiologically guided drainage of pelvic collections.       

Histopathological results
A total of 634 (88%) cancer cases were analysed.  Key pathological outcomes have been outlined in table 5.  An R0 resection was obtained in 97·3% of cases.  Sixteen cases (2·7%) were reported as R1 and due to a positive DRM, positive CRM by tumour and positive CRM by an adjacent malignant lymph node in 2 (0·3%), 10 (1·7%) and 4 (0·7%) cases respectively.  A poor TME specimen with major defects in the mesorectum reaching down to rectal wall was reported in 24 (4·1%) cases.  Twelve specimens were found to have a rectal tube perforation but only 6 of these were recorded as a poor TME specimen on the registry.  Although the perforation was not necessarily at the tumour site or through the mesorectum, we have included all rectal perforations into the ‘poor TME specimen’ category for further analysis.

Risk factors for a poor pathological composite outcome: Univariate and Multivariate analysis 
Cases with a R1 resection were combined to those with a poor TME specimen (including all rectal perforations) to form a composite endpoint of poor pathological features.  This included a total of 44 cases (7·4%).  Possible risk factors leading to poor pathological features were divided into patient related, tumour related and technical variables.  On univariate analysis the following factors achieved a p-value of ≤ 0·100: Patient related factors: None; Tumour related factors: (1) tumour height from anorectal junction, (2) tumour location, (3) pre-operative T-staging on MRI, (4) positive CRM on pre-operative MRI, (5) metastatic disease on staging CT, (6) neoadjuvant long course radiotherapy; Technical factors: (1) simultaneous abdomino-perineal operating, (2) anterior resection vs. abdomino-perineal excision (APE), (3) abdominal and perineal conversion, (4) blood loss over 1L, (5) extent of posterior pelvic dissection abdominally, (6) total transanal operative time.         
Multivariate analysis identified three statistically significant risk factors as shown in table 6.  The results suggest that poor pathological features are more likely to occur when the posterior pelvic dissection performed by the abdominal ‘top-down’ approach extends to less than 4cm from the anal verge.  Lower tumours, with a tumour height of ≤ 2cm from the anorectal junction, and pre-operative positive CRM on staging MRI also significantly increase the risk of obtaining a poor histological outcome.      
                                                  











Discussion

The taTME registry is an international database with strong collaboration between 66 surgical units in 23 different countries.  The present study reports the initial 720 taTME cases recorded, which represent the largest patient cohort published to date.  Low anterior resection was performed in 77% of cases with most surgeons adopting a laparoscopic approach for the abdominal phase.  The conversion rate from laparoscopic to open or transanal was 6·3% with an even lower perineal conversion rate of 2.8%, which compares favourably to 16% reported in COLOR II,7 11·3% in ACOSOG Z60518 and up to 30% in earlier studies.21,22 This may be due to increased experience in laparoscopic surgery compared to previous years.  However, the three commonest reasons for conversion in the COLOR II trial were a narrow pelvis (22%), obesity (10%) and tumour fixation (9%).  Similar risk factors for conversion were also apparent in the more recently conducted international ROLARR (RObotic versus LAparoscopic Resection for Rectal Cancer) trial23 involving 29 hospitals with 471 patients randomised to either laparoscopy (234) or robotic (237) TME for rectal carcinoma.  The overall conversion rates were 12·2% and 8·1% for laparoscopic and robotic TME surgery respectively.  However, up to 27·8% of obese patients undergoing laparoscopic TME and 18·9% in the robotic arm required conversion.  Lower rectal cancer and male gender were also associated with increased rates of conversion.  These risk factors can be potentially overcome by the transanal approach as the constraints and challenges posed by these anatomical features are often reduced when approached from below.  Veltcamp Helbach et al.24 reported on 80 patients who underwent taTME in two Dutch institutes and reported a conversion rate of 5%; unlike Lacy’s group who had no conversions in 140 cases.16 The conversion rate from a transanal to abdominal approach in the registry data was only 2·8% despite surgeons being at the early stages of their learning curve with 50% of centres having done ≤5 cases.  
The most frequently reported intra-operative problems during the transanal phase were an unstable pneumopelvis and poor smoke evacuation.  In these cases conventional laparoscopic insufflation devices were used which are unable to evacuate smoke effectively and prevent bellowing.  This emphasizes the importance of using optimal equipment specifically available for the technique.25   
Eleven visceral injuries, including three urethral injuries during taTME alone were recorded (two low anterior resections and one APE).  Two further urethral injuries occurred during combined rectal and partial prostatic resections (both low anterior resections).  Urethral injury was not previously seen with the abdominal approach to anterior resections, which highlights how each technique has a unique risk profile.  Adequate training in the procedure as well as learning the pelvic anatomy from a different viewpoint is therefore crucial in order to prevent severe intra-operative complications.
Post-operative morbidity and mortality rates at 30 days, 32·6% and 0·5% respectively, were similar to those reported in previous rectal surgery trials7,21 and to taTME series with 34·2% morbidity in Lacy’s study16 and 36% in Atallah’s series26 of 50 patients.  The 6·3% overall anastomotic leakage rate compares favourably to the rate observed in other series especially given that the anastomoses were lower in the registry cases (7% in CLASICC,21 13% in COLOR II,7 8·6% in Lacy’s series16).  A hospital stay of 8 days is acceptable, although the use of enhanced recovery protocols was not recorded.      
Histopathological results from the study were comparable to the best published literature, with an incomplete TME specimen in only 4·1% and an R1 resection in 2·7% (16 cases).  R1 was secondary to a positive CRM in 14 of the 16 cases.  In COLOR II,7using the limit of 1 mm for comparison, positive margins were seen in 7% of laparoscopic and 9% of open resections; most of which were cases with more proximal tumours.  The more recent ROLARR trial23 found no statistically significant oncologic or clinical advantage to robotic over laparoscopic TME surgery, with positive CRM rates of 5·1% and 6·3% respectively.  In taTME series by Lacy,16 Burke26 and Veltcamp Helbach24 the CRM positivity rate was 6·4%, 4% and 2·5% respectively.  Small cohorts and registry data do have limitations regarding data reporting as outlined below, and caution should be exercised when comparisons are made to well stratified RCTs.  Rullier’s group27did perform a randomised trial comparing laparoscopic TME to hybrid-taTME in 100 patients with low rectal cancer.  Results showed significantly lower positive CRM rates (18% versus 4%, p=0·025), with similar surgical morbidity (14% vs. 12%, p=0·766).  It is important to note that most surgeons performing taTME are still at the early stage of their learning curve and despite this the results are very promising.  Also, most registry patients had risk factors for difficult pelvic dissections,28as they were predominantly overweight males with low rectal tumours who received neoadjuvant long course chemoradiotherapy.          
Interestingly, none of the patient characteristics, including increased BMI or male gender, were significant risk factors for a poor histological result.  This suggests that the transanal approach may overcome the patient characteristics that traditionally created a difficult pelvic dissection from the abdominal approach.  On multivariate analysis, three risk factors for poor histological features were significant: positive CRM identified on staging MRI, tumour height less than 2cm from the anorectal junction and a posterior TME dissection to less than 4cm from the anal verge performed transabdominally.  The first two of these findings agree with results from the observational, multicentre MERCURY II study that accurately predicted a positive pathological CRM by anteriorly located tumours, presence of extra-mural venous invasion, tumours either within 4 cm of anal verge or 1mm from the CRM.3,29 Preoperative high-resolution MRI can also assess the risk of local recurrence, disease-free survival and overall survival based on prediction of CRM positivity.30 Further analysis of registry data will be performed once 3- and 5- year follow up data is available to assess recurrence and survival rates.     
The only technical risk factor for a poor quality specimen identified on multivariate analysis was trans-abdominal dissection low into the pelvis and the chances of obtaining a worse specimen is six times greater than if the dissection is performed transanally for the lower 4 cm of the rectum.  The extent of transanal dissection did not increase the risk of a poor histological outcome, suggesting that a better oncological resection is likely to be achieved for low rectal tumours via the transanal approach.  
Limitations of registry data include the potential for selection bias and relying on surgeons’ integrity to input all taTME cases, regardless of outcome.  Inadvertent errors whilst inputting data can also occur and a formal validation process will need to be carried out.  Recording data is also time consuming and needs to be inputted at different intervals following the patient’s progress.  Perioperative outcomes may therefore be under-reported but, at present, the registry is the largest available data source there is.    Key results, especially those relating to the histopathological features, were verified by contacting contributing surgeons individually via email to double check the data recorded.  Overall, there were no more than 15% of missing values for a small number of outcomes.  The advantages of an international registry are that it assesses the therapeutic effectiveness and safety of taTME in the ‘real world’, with surgeons at different stages in their learning curve.  It also offers a rapid evaluation of new technologies with data from a large number of patients.  Furthermore, an open and transparent collaborative is formed amongst the contributing centres that are able to share experiences and advice.  
Further analysis of registry data will form a prognostic model for key pathological outcomes, pelvic sepsis and other major complications. Once short-term clinical and oncological safety has been confirmed further with randomised controlled trials, the focus will shift to the long-term oncological results as well as functional outcomes and quality of life after taTME.  The online registry continues to record these long-term outcomes and will be reported at three years follow up.  The opportunity to record quality of life and functional survey data will also be available shortly.  As the interest and uptake in taTME continues to grow, monitoring of outcomes remains vitally important in order to provide patients with the best possible care.

[bookmark: _GoBack]In conclusion, the initial results of the international TaTME Registry suggest that TaTME can be a safe and effective technique for mesorectal dissection, particularly in the distal rectum, reporting acceptable short-term patient outcomes and specimen quality. Structured training and standardization of the technique is necessary. Well-designed trials are needed to assess the efficacy of taTME compared with laparoscopic, robotic and open TME surgery.
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FIGURES and TABLES
Table 1: Patient characteristics  
	PATIENT CHARACTERISTIC
Factor
· Category
	 TaTME registry data results
Total: 720 cases

	Gender, n (%) 
	

	· Male
	489 (67·9)

	· Female
	 231 (32·1)

	Age in years, mean ± SD (range)
	62·4 ± 13·0 (18–91)

	ASA score, median (range)
	2·0 (1–4)

	BMI in kg/m2, mean ± SD (range)
	26·5 ± 4·3 (16·5–42·7)

	Smoking, n (%) 
	

	· Smoker
	90 (12·5)

	· Non-smoker
	630 (87·5)

	Presence of co-morbidities, n (%) 
	

	· Diabetes mellitus
	85 (11·8)

	· Ischaemic Heart Disease
	97 (13·5)

	· Active Inflammatory bowel disease
· Steroid use at time of surgery
	42 (5·8)
13 (1·8)

	Previous abdominal surgery, n (%) 
	

	· Non-cancer related surgery
	134 (19·0)

	· Hysterectomy
	23 (3·2)

	· Prostatectomy
	12 (1·7)

	· Laparoscopic ventral mesh rectopexy
	1 (0·1)

	Previous pelvic radiation therapy, n (%)
	15 (2·1)


SD: standard deviation. ASA: American Society of Anesthesiologists. BMI: Body Mass Index. 























Table 2: Cancer cases: Pre-operative staging and neoadjuvant therapy.  
	PRE-OPERATIVE STAGING
Factor
· Category
	 TaTME registry data results
Total: 634 cancer cases

	Clinical tumour height from anal verge on rigid sigmoidoscopy in cm, median (range) 
	6·0 (0–13)

	Tumour height from anorectal junction on MRI in cm, median (range)
	3·0 (0–11)

	Predominant tumour location, n (%)
	

	· Anterior
	243 (43·3)

	· Posterior
	233 (41·5)

	· Lateral
· Missing
	85 (15·2)
73 (11.5)

	Circumferential extent of tumour, n (%) 
	

	· 1 to 2 quadrants
	399 (70·1)

	· 3 to 4 quadrants
· Missing 
	170 (29·9)
65 (10.3)

	Pre-operative MRI staging, n (%) 
	

	· ≥3
	374 (66·9)

	· N+
	323 (58·2)

	Pre-operative CRM involvement on MRI, n (%)  
	115 (21·1)

	NEOADJUVANT THERAPY
	

	Received neoadjuvant therapy, n (%) 
	355 (57·1)

	· Short course radiotherapy
	56 (15·8)

	· Long course chemoradiotherapy
	255 (71·8)

	· Long course radiotherapy alone
	27 (7·6)

	· Chemotherapy alone
	48(13·5)

	· Contact radiotherapy
	1 (0·3)

	TRG response post neoadjuvant therapy, n (%) 
	

	· mTRG 1 & 2 (No or small residual tumour)
	136 (38·3)

	· mTRG 3 (Mixed fibrosis and tumour)
	103 (29·0)

	· mTRG 4 & 5 (Mainly or only tumour)
	116 (32·7)


MRI: Magnetic Resonance Imaging. CRM: Circumferential Resection Margin. N+: Positive nodal status (N1 or N2). TRG: Tumour regression grading on MRI









Table 3: Operative details.  
	OPERATIVE CHARACTERISITC
Factor
· Category
	 TaTME registry data results
n (%)

	Total number of cases 
	720

	Indication
	

	· Benign
	86 (11·9)

	· Cancer
	634 (88·1)

	Operations performed
Cancer cases: 
	

	· High anterior resection
	30 (4·8)

	· Low anterior resection
	537 (86·2)

	· Abdominoperineal excision
	14 (2·2)

	· Intersphincteric APE
· Missing
	42 (6·8)
11 (1.7)

	Benign cases: 
	

	· Low anterior resection
	3 (3·7)

	· Standard APE
	4 (4·9)

	· Intersphincteric APE
	48 (58·5)

	· Proctectomy (close rectal) + IPAA
	3 (3·7)

	· Proctectomy (TME plane) + IPAA
· Missing
	24 (29·2)
4 (4.7)

	Simultaneous abdominoperineal operating
	227 (32·3)

	Surgical approach 
Abdominal phase:
	

	· Open
	21 (3·1)

	· Laparoscopic
	553 (82·4)

	· SILS
	93 (13·9)

	· Robotic
· Missing 
	4 (0·6)
49 (6.8)

	Transanal phase:
	Benign        Cancer

	· Mucosectomy
	                   3 (3·9)          49 (8·2)

	· Total intersphincteric
	                   29 (28·2)      37 (6·2)

	· Partial intersphincteric
	                   2 (2·6)          120 (20·0)

	· Pursestring
	                   40 (52·6)      375 (62·5)

	· Missing
	                   2 (2·6)          19 (3·2)

	Conversion
	  10 (11.6)       34 (5.4)

	· Abdominal
	40 (6·0)

	· Perineal 
	20 (2·8)

	Stoma
	

	· No stoma
· Ileostomy
	51 (7·3)
580 (83·3)

	· Colostomy
· Missing
	65 (9·3)
24 (3.3)

	Specimen extraction site
	

	· Pfannenstiel
	99 (14·7)

	· Umbilical
	61 (9·0)

	· Right or Left Iliac Fossa
	75 (11·1)

	· Transanal
	340 (50·4)

	· Other*
· Missing
	92 (13·6)
53 (7.4)

	Anastomotic technique
	Benign        Cancer

	· Manual
	                   3 (13·6)       249 (44·7)

	· Stapled
· Missing
	                   19 (86·4)     308 (55·3)
                     8 (26.7)       10 (1.8)

	Height of anastomosis from anal verge in cm, median (range)
	Benign        Cancer

	· Manual 
	                   2 (1–4)        3 (0–5)

	· Stapled
	                   4 (2–6)        4 (0–10)

	Operative time in minutes, mean ± SD (range)
	

	· Total operative time
	277 ± 83 (62–685)

	· Perineal phase time
	128 ± 70 (15–467)

	Intra-operative adverse events 
	

	· Technical problems
	283 (39·3)

	· Incorrect dissection plane
	56 (7·8)

	· Pelvic bleeding
	50 (6·9)

	· Visceral injury
	11 (1·5)


APE: Abdomino-perineal excision.  IPAA: Ileal Pouch-Anal Anastomosis.  TME: Total mesorectal excision.  SILS: Single incision laparoscopic surgery. SD: Standard Deviation
*Other sites of specimen extraction: Single port incision (n=44, 6.1%), midline laparotomy incision (n=40, 5.6%), and previous stoma site (n=8, 1.1%).







Table 4: Post-operative short-term clinical outcomes.  
	POST-OPERATIVE CLINICAL OUTCOMES
Factor
· Category
	 TaTME registry data results
Total: 720 cases

	Length of hospital stay in days, median (range) 
	8·00 (2–97)

	Post-operative morbidity at 30 days, n (%)
	213 (32·6)

	Clavien-Dindo classification at 30 days, n (%)
	

	· I or II
	142 (21·7)

	· III
	66 (10·1)

	· IV
	5 (0·8)

	· V
· Missing
	3 (0·5)
68 (9.4)

	Overall Mortality Rate*, n (%) 
	17 (2·4)

	Adverse events, n (%)
	

	Anastomotic leak:
· Early
	
32 (5·4) 

	· Delayed
· Missing
	8 (1·3)
86 (11.9)

	Intra-abdominal / pelvic abscess
	17 (2·4)

	Surgical re-interventions 
	44 (6·1)

	Unplanned hospital readmissions 
	50 (6·9)


* Overall mortality rate refers to reported deaths occurring at any time point during the study period.   





Table 5: Histopathological data.  

	HISTOPATHOLOGICAL DATA
Factor
· Category
	 TaTME registry data results


	Total number of cancer cases 
	634

	Pathological T stage, n (%)
	

	· T0
	82 (14·1)

	· T1
	70 (12·1)

	· T2
	197 (34·0)

	· T3
	222 (38·3)

	· T4
· Missing
	9 (1·6)
54 (8.5)

	Pathological N stage, n (%)
	

	· N0
	406 (69·2)

	· N1
· N2
· Missing
	122 (20·8)
59 (10·1)
47 (7.4)

	Quality of TME specimen, n (%)
	

	· Intact
	503 (85·0)

	· Minor defects
· Major defects
· Rectal perforation
· Missing
	65 (11·0)
24 (4·1)
12 (2·0)
42 (6.6)

	Number of lymph nodes harvested
·  Mean ± SD
· Median (range)
Maximum tumour size in mm
	
16·5 ± 9·2
15 (0–70)

	· Mean ± SD
· Median (range)
Distal margin in mm
	27·6 ± 16·7
25 (0–95)

	· Mean ± SD
· Median (range)
· Positive DRM, n (%)
· Missing
Circumferential resection margin in mm
	19·0 ± 14·3
15 (0–97)
2 (0·3)
45 (7.1)

	· Mean ± SD
· Median (range)
· Positive CRM, n (%)
· Missing
R1 resection
· Missing
Composite poor pathological outcome:
	9·19 ± 8·6
8 (0–90)
14 (2·4)
45 (7.1)
16 (2·7)
45 (7.1)


	· R1 + poor TME specimen
· Missing
	44 (7·4)
42 (6.6)


TME: Total mesorectal excision. SD: Standard Deviation.  DRM: Distal resection margin.  CRM: Circumferential resection margin.  

Table 6: Multivariate analysis of risk factors for poor composite histological features (R1 resection + poor TME specimen).   
	MULTIVARIATE ANALYSIS
Factor
· Category
	 
Event Rate
%

	Adjusted 
Odds ratio
	95% 
Confidence Interval
	P value

	
Tumour height from anorectal junction 
	
	
	
	

	· > 2 cm
	3.8
	
	
	

	· 0 to 2 cm

	11.6
	4·561
	1·167–17·826
	0·029

	Positive CRM on staging MRI
	
	
	
	

	· Clear CRM 
	4.4 
	
	
	

	· Positive CRM

	 12.3
	4·930
	1·364–17·816
	0·015

	Abdominal extent of posterior pelvic dissection
	
	
	
	

	· > 4 cm
	3.1
	
	
	

	· ≤ 4cm 

	10.4
	5·849
	1·424–24·024
	0·014


CRM: circumferential resection margin; MRI: Magnetic Resonance Imaging




















Appendix 1: Contributing surgical centers and collaborators to the taTME registry cases reported.
	Country
	Place of work
	Collaborators

	Australia
	Royal Brisbane Hospital
	Andrew Stevenson


	
	John Hunter Hospital, New South Wales
	Peter Pockney
Stephen Smith

	Austria
	Krankenhaus der Barmherzigen Brüder Graz
	Gerald Seitinger


	
	Medical University of Vienna
	Stefan Riss
Anton Stift

	
	St. Elisabeth Hospital - Vienna
	Markus Glöckler
Finka Jelic

	Belgium
	Virgajesse Hospital Hasselt
	Bert Houben
Joep Knol

	
	University Hospital Gasthuisberg, Leuven
	André D'Hoore
Albert Wolthius

	
	AZ Groeninge
	Mathieu D’Hondt
Franky Vansteenkiste

	
	Ghent University Hospital
	Michele Grieco
Yves Van Nieuwenhove

	Brazil
	Ludwig Institute for Cancer Research, São Paulo, Brazil
	Rodrigo Oliva Perez
Guilherme Pagin São Julião

	
	Hospital Santa Izabel, Salvador, Bahia
	Meyline Andrade Lima 
Carlos Ramon Silveira Mendes 

	Czech Republic
	University Hospital Brno
	Tomáš Grolich
Zdeněk Kala

	Denmark
	Roskilde Hospital
	Jens Ravn Erikson


	France
	CHU Rouen
	Jean-Jacques Tuech


	Germany
	Johannes Gutenberg-University Mainz
	Werner Kneist
Hauke Lang

	
	St. Joseph Krankenhaus Berlin Tempelhof
	Lope Estévez Schwarz
Reiner Kunz

	
	Städtisches Klinikum Karlsruhe
	Jörg Baral
Theo-Julian Hoffmann

	Ireland
	Mater Misericordiae Hospital & University College Dublin
	Hazar Al furajii 
Ronan Cahill

	Italy
	Candiolo Cancer Institute, Turin
	Alfredo Mellano
Andrea Muratore

	
	Department of Medicine and Surgery
Unit of Geriatric Surgery, Università Campus Bio-Medico di Roma, Rome

	Gabriella Capolupo
Marco Caricato

	
	University of Insubria, Varese
	Luigi Boni
Elisa Cassinotti

	
	Policlinico Tor Vergata
	Pierpaolo Sileri


	
	Humanitas Gradenigo Hospital, Turin
	Dario Borreca
Paolo De Paolis

	
	Center for Minimally Invasive Surgery at the University of Turin
	Alberto Arezzo
Mario Morino

	
	Sapienza University Hospital, Rome
	Emanuele Lezoche
Andrea Picchetto

	
	Osperdale Pascal Napels
	Paolo Delrio
Daniela Rega

	Japan
	National Cancer Center Hospital East
	Masaaki Ito


	Korea
	Center for Colorectal Cancer, National Cancer Center, Goyang
	Jae Hwan Oh
Dae Kyung Sohn

	Netherlands
	Academic Medical Centre, Amsterdam
	Willem Bemelman
Pieter Tanis

	
	VU Medical Center Amsterdam
	Jaap Bonjer
Jurriaan Tuynman

	
	Ijsselland Ziekenhuis
	Eelco de Graaf
Pascal Doornebosch

	
	Ziekenhuis Gelderse Vallei, Ede
	Colin Sietses
Simone Velthuis

	
	Gelre Ziekenhuis Apeldoorn
	Edwin van der Zaag
Peter van Duijvendijk

	New Zealand
	Auckland City Hospital
	Julian Hayes
Arend Merrie

	
	Waikato Hospital
	Linus Wu


	Norway
	Haukeland University Hospital, Bergen
	Havard Forsmo
Frank Pfeffer

	Russia
	Russian Cancer Research Center
	Zaman Mamedli
Arsen Rasulov

	Singapore
	Singapore General Hospital
	Cherylin Fu Wan Pei


	Spain
	Leon University Hospital
	Vicente Simó Fernandez
Enrique Pastor Teso

	
	Clinic Hospital Barcelona
	Maria Fernández-Hevia
Antonio Lacy

	Switzerland
	Department of Visceral Surgery, Geneva University and Medical school, Geneva
	Nicolas Christian Buchs
Frederic Ris

	
	Emmental Teaching Hospital
	Daniel Geissmann
Stephan Vorburger

	Turkey
	Ankara University Medical School
	Ethem Gecim


	Ukraine
	O.Bohomolets National Medical University, Kyiv 
	Miroslava Fabryko
Yevgen Miroshnychenko

	United Kingdom
	Churchill Hospital, Oxford
	Christopher Cunningham
Oliver Jones

	
	Ninewells Hospital & Medical School
	Ken Campbell


	
	St. Marks, North West London Hospitals NHS Trust
	Sanjeev Samarasinghe


	
	Sandwell and West Birmingham Hospitals NHS Trust
	Kathryn Gill
Howard Joy

	
	Queen Elizabeth Hospital, Gateshead
	Mark Katory
Paul O’Loughlin

	
	Medway Maritime Hospital, Kent
	Neil Kukreja
Henk Wegstapel

	
	James Paget University Hospital
	Kamal Aryal
Roshan Lal

	
	Hampshire Hospitals NHS Foundation Trust, Basingstoke
	Arcot Venkatsubramaniam

	
	Queen Elizabeth Hospital, Birmingham
	Shazad Ashraf
Simon Radley

	
	Wrightingon, Wigan and Leigh NHS Foundation Trust
	Marius Paraoan


	
	Good Hope Hospital, Heart of England
	Stephan Korsgen


	
	Royal United Hospital Bath
	Edward Douglas Courtney
Stephan Dalton

	
	Yeovil District Hospital
	Andrew Allison
Nader Francis

	
	University Hospital of North Staffordshire
	Robin Dawson
Veera Garimella

	
	Western Sussex NHS Foundation Trust
	Anthony Miles
Parvinder Sains

	
	Royal Devon and Exeter Hospital
	William Chambers
Steve Mansfield

	
	Norfolk and Norwich University Hospital
	Irshad Shaikh
Chris Speakman

	
	Worcestershire Royal Hospital
	Deborah Nicol
Steve Pandey

	United States of Americas
	Florida Hospital, Winter Park
	Matthew Albert
Sam Atallah

	
	Massachusetts General Hospital
	Liliana Bordeianou
Patricia Sylla






























Appendix 2: Definitions and references of variable parameters used.  
	
Parameter

	
Definition

	Abdominal conversion

	Conversion from a laparoscopic or robotic approach to an open approach.  

	Perineal conversion
	Conversion from a transanal approach to the mesorectal dissection to an abdominal approach; either open, laparoscopic or robotic. 

	Positive Distal resection margin, DRM
	Presence of tumour cells within 1mm from the excised distal end of the specimen.

	Positive Circumferential resection margin, CRM 
	Presence of tumour cells within 1mm from the excised non-peritonealised surface of the rectum.

	Resection status

	R0 – fully resected tumour
R1 – microscopic presence of tumour cells at the distal or circumferential resection margins or within a lymph node <1mm from the mesorectal fascia.
R2 - Macroscopically incomplete tumour resection.

	Quality of TME specimen

	Using the Quirke grading system for completeness of mesorectal dissection [Quirke Lancet 1986], each TME specimen is graded as having either an intact mesorectum, minor or major defects. 


TME: Total Mesorectal Excision
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