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Introduction



General introduction 

Principles and evolution of rectal cancer surgery 

Colorectal cancer remains the third most common cancer worldwide, with an 
estimated 1.8 million new cases in 2018.1 In the Netherlands, this means about 4000 
patients are diagnosed with rectal cancer annually, occurring more often in men then 
woman. 
The primary goal of rectal cancer treatment is to achieve long-term cancer-free 
survival. While treatment is undoubtedly multi-disciplinary, the core element of 
treatment remains a surgical resection. 
Since 1986, the gold standard surgical treatment involves removal of the rectal tube 
and the surrounding mesorectal fat; a total mesorectal excision (TME).2 Figure 1 shows 
a cross section of the rectum. The rectal tube is surrounded by the mesorectum, acting 
as the rectal lymphovascular drainage system, which is in turn surrounded by the 
mesorectal fascia; a natural barrier for tumour spread. It was Heald and colleagues who 
demonstrated that performing a complete TME resulted in improved long-term 
cancer-free survival.3 Completeness of the TME specimen, together with tumour-free 
resection margins – as investigated during standardised histopathological assessment 
of the resected specimen – have thus become markers for a good surgical technique 
and predict chance of pelvic cancer recurrence.4, 5  

Figure 1. Cross section of the rectum 

The surgical approach to obtain a good quality TME, however, has evolved vastly over 
the past three decades, with a shift from open- to more minimally invasive techniques. 
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General introduction and outline of the thesis 

Laparoscopic TME was introduced in the late 90’s, bringing advantages to patients 
such as shorter hospital stay, fewer complications and preservation of the abdominal 
wall.6 Yet, it remains a matter of current debate whether this new approach has truly 
led to improved cancer specific outcomes after TME surgery. Particularly, given that 
the most recent randomised controlled trials failed to show non-inferiority of 
laparoscopic TME opposed to open TME in terms of completeness of the TME 
specimen as well as two-year cancer-free survival rates.7, 8  

When approaching a rectal cancer entirely from the abdomen, either with a 
laparoscopic or open approach, the visualization of the surgical field is often limited. 
This is due to the increasingly narrowing working space in the deep bony pelvis. Other 
factors such as obesity, an irradiated pelvis and males with a narrow pelvis can also 
predict intra-operative difficulty.9 Impaired visualization and a confined working space 
in the lower pelvis will impact on surgical accuracy, and influence TME quality which in 
turn may negatively affect cancer-free survival. 

The intra-operative difficulties with a 
pure abdominal approach, are 
particular relevant for low rectal 
cancer. When observing the anatomy 
of the lower pelvis in Figure 2, it 
becomes clear that the mesorectum 
tapers towards the anus. A thinner 
mesorectum reduces the margin for 
error intra-operatively, which increases 
the risk for obtaining an incomplete 
TME specimen and involved resection 
margins. This was clearly shown in the 
COLOR II trial10, where reported 
tumour involved resection margin 
increased from 10% of overall cases to 
22% for low tumours in open TME 
surgery.       Figure 2. Sagittal view of lower pelvis 

To overcome the difficulties encountered with dissection in the lower pelvis, transanal- 
and robotic TME were introduced. Both these techniques were promoted to improve 
outcomes after rectal cancer surgery and are quickly expanding amongst rectal cancer 
surgeons.  
Robotic TME was proposed as an approach to overcome the limitations of laparoscopic 
rectal cancer surgery, by providing a 3-dimensional view, better ergonomics and more 
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precise articulation of instruments.11, 12 Yet to date, a benefit over laparoscopic TME 
has not been demonstrated, as the ROLARR trial13 and several meta-analysis14, 15 
reported similar rates of tumour involved resection margins, while we know the costs 
of robotic surgery are clearly higher than for conventional laparoscopic TME.16  

So, although the change from open TME to minimally invasive approaches, either 
laparoscopic- or robotic TME, has evidently brought benefits for patients such as 
reduced hospital stay, it never showed superiority in terms of TME specimen 
completeness, tumour involved resection margins and related long-term cancer-free 
survival. This all comes down to the main problem when approaching a rectal cancer 
from the abdomen, as is done in all the aforementioned TME approaches; the 
increasingly narrowing working space in the bony pelvis which limits the visualisation 
on the surgical field and affects quality of the resection. 

Transanal total mesorectal excision (TaTME) 

To overcome the limitations that are often experienced during a pure abdominal 
approach (either open or minimal invasive; laparoscopic and robotic), transanal TME 
(TaTME) came to the forefront as a new innovative technique. However, it is actually a 
combination of existing techniques and principles; TME surgery as proposed by Heald 
in 1986, transabdominal transanal approach (TATA), transanal endoscopic 
microsurgery (TEM) and  transanal minimally invasive surgery (TAMIS).2, 17, 18  
By approaching a rectal cancer from above and below, the boundaries known from 
pure abdominal approaches deep down in the bony pelvis could be overcome. 
Currently it is still a hybrid procedure, which requires the proximal part of the pelvic 
dissection and colonic mobilisation to be completed laparoscopically through the 
abdomen. Dissection of the most difficult part of the TME procedure, the lower third 
of the rectum, is now performed transanally. Direct visualisation of the surgical field 
deep down in te pelvis, allows for a more accurate dissection and a higher chance of a 
complete TME specimen, which in turn should improve cancer-free survival rates.  
In short, the steps of the TaTME technique include accessing the rectum through a 
multiport device (GelPOINT© path; Applied Medical, USA), closing the rectum below the 
tumour with an airtight purse string, after which a full-thickness rectotomy is 
performed. The TME-plane can then be dissected cranially until connection with the 
abdominal part of the TME dissection. The TME specimen can be extracted transanaly, 
avoiding a Pfannenstiel incision.19  
Since its introduction by Lacy and Sylla in 201020, a rapid adoption of TaTME to treat 
rectal cancer patients took place around the world, as early promising results were 
reported. In the first large multicentre registry study, including 720 cases, involved 
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General introduction and outline of the thesis 

resection margin rate was 2.7% and  an incomplete TME specimen was 4%. Moreover, 
a meta-analysis comparing TaTME and laparoscopic TME, found lower rates of 
involved resection margins after TaTME.21, 22  
However, TaTME is not an easy technique to learn, as some of the steps are completely 
different from the conventional abdominal TME principles, and surgeons need to 
adapt to a different view on the pelvic anatomical structures from bellow. Many 
surgeons implemented the technique before the steps of the technique were even 
well-defined and without following training programs, while it is shown that it takes 
around 40 cases to acquire proficiency in TaTME and thus good outcomes can be 
expected.23  
When implementing a new technique, a balance needs to be struck between exposing 
patients to possible risks during the learning period, and depriving patients from a 
better treatment. It is therefore essential that a new technique is carefully evaluated 
for its outcomes and that potential harms and benefits are assessed.24  

Figure 3. Approaching a rectal cancer from below in TaTME 
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Thesis outline 

This thesis was an attempt to better understand the oncological safety of TaTME for 
rectal cancer patients. More specifically, we aimed to examine the following main 
questions:  

1. What is the short-term safety of TaTME, regarding histopathological 
outcome (assessing completeness of TME and tumour involved resection
margins)?

2. What is the oncological outcome (cancer-free survival) after TaTME?

The evolution of TaTME was the focus of Chapter 1, by describing the technique from 
Idea and Development, to Exploration, Assessment and Long-term outcomes, according 
to IDEAL; a structured framework for a safe implementation of new surgical 
techniques.  
Part 1 focused on the first main question by analysing short-term histopathological 
outcomes of TaTME, both on national levels, and in direct comparison to conventional 
laparoscopic TME (lapTME). Part 2 examined the recently strongly debated 
oncological outcomes after TaTME, thereby aiming to answer the second main 
question of this thesis. 

Part 1 – Short-term outcomes 

Chapter 2 compared short-term histopathological outcomes in a propensity matched 
single centre cohort of TaTME versus lapTME, in a cohort of magnetic resonance 
imaging (MRI) -defined low rectal cancer. Chapter 3 and 4 described outcomes of 
TaTME on a national level. While Chapter 3 was a propensity matched comparison 
with lapTME in a cohort originating from an obligatory and nationwide audit, Chapter 
4 described short-term outcomes for solely TaTME cases that were registered on the 
voluntary International TaTME Registry. In Chapter 5, we developed a prediction 
model in order to pre-operatively define patients at risk for a tumour-involved 
circumferential resection margin (CRM+) after TaTME.  

Part 2 – Oncological outcomes 

After the assessment of short-term safety of TaTME and effectiveness against current 
standards (Part 1), longer-term oncological outcomes after TaTME were urgently 
needed. Oncological outcomes after conventional rectal cancer surgery are well 
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General introduction and outline of the thesis 

known. However, a distinction between non-restorative low anterior resection (LAR) 
(i.e. Hartmanns resection) and restorative LAR has rarely been made, this was the 
focus of Chapter 6. The final chapters examined oncological outcomes, in terms of 
cancer-free survival, after TaTME specifically. Chapter 7 and 8 described oncological 
outcomes, with a specific focus on local recurrence (LR) after TaTME, with Chapter 7 
providing the results from six tertiary referral centres, while Chapter 8 presents results 
from 2803 cases registered on the International TaTME registry. Finally, Chapter 9 and 
10 present oncological outcomes after TaTME in comparison with conventional 
lapTME.  
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Introduction │ Chapter 1 

Abstract 

Tremendous innovations have taken place in surgical procedures, but contrary to 
drug development, this process has been unregulated in the past. IDEAL promotes a 
structured framework for the safe implementation and assessment of a new surgical 
technique or intervention, by describing five stages for evaluating and reporting of 
innovations; Idea, Development, Exploration, Assessment and Long-term. Transanal 
Total Mesorectal Excision (TaTME), is a relatively new technique in rectal cancer 
surgery that has attracted huge interest and increasing adoption worldwide. This 
review article aims to provide an overview of the evolution of TaTME, according to 
the IDEAL framework, which guides us in the difficult yet exciting process of surgical 
innovation.  

Figure 1. Evolution of transanal total mesorectal excision (TaTME) following the 
IDEAL framework. 
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Evolution of TaTME according to the IDEAL framework 

Introduction 

The medical world is evolving and innovating faster than ever. In order to prevent 
harm, this process of innovation requires regulation, derived from evidence-based 
principles, rather than uncontrolled experimenting. For drugs and therapeutic 
biological products, the introduction of new agents is strictly regulated and new 
drugs can only be widely distributed after going through a four-phase regulatory drug 
approval process and meeting mandatory requirements.1 The process of surgical 
innovation, however, is complex and has been unregulated and unstructured in the 
past. This possibly expose patients to an unethical higher risk and harm. Multiple 
factors challenge the feasibility of formal assessment of surgical innovations; the 
intrinsic complexity of surgical techniques, varying expertise of individual surgeons 
and the constant ongoing innovation of surgery. Although evidence-based healthcare 
has been endorsed by the surgical community, there is still a considerable lack of 
well-designed and properly powered randomised controlled trials.2 
In rectal cancer surgery, a tremendous evolution has taken place from open to 
minimal invasive techniques, and other techniques are being pioneered continuously, 
with the aim to improve patient outcomes. Nevertheless, the majority of these newer 
techniques are a pure abdominal approach which remains technically challenging, 
particularly for low rectal cancers in a narrow deep pelvis. Transanal total mesorectal 
excision (TaTME) is the latest surgical technique that has the potential to overcome 
these drawbacks and has attracted a huge interest worldwide. TaTME is essentially 
an amalgamation of  well-established surgical techniques and principles; TME surgery 
as proposed by Heald in 19823, transabdominal transanal approach (TATA), 
transanal endoscopic microsurgery (TEM) and  transanal minimally invasive surgery 
(TAMIS).4-6  
While innovation is exciting, the question remains if these new approaches truly lead 
to better oncological outcomes and quality of life for patients. Minimal invasive 
approaches add complexity to the procedure and require an increased skill set. 
Moreover, patients might be exposed to uncertainties and harm from new 
complications, inherent in innovative procedures. This highlights the need for a 
robust framework to introduce new surgical techniques in a safe way and avoid wide 
spread adoption before high quality assessment has taken place, in order to avoid 
harm to the patient and to protect the surgeon. 
The IDEAL framework (Idea, Development, Exploration, Assessment, and Long-term 
Study) was proposed by the IDEAL collaboration.2, 7, 8 Their aim was to establish a 
rational approach and develop an integrated evaluation pathway for surgical and 
other complex interventions. The framework is a guidance in how to get from an idea 
to safe implementation, by thorough assessment of all the stages of development of 
a new surgical innovation. IDEAL promotes a shift away from the traditional, 

21



Introduction │ Chapter 1 

uncontrolled, retrospective case series that compose most of surgical research, 
towards planned prospective observational studies leading to high quality 
randomised controlled trials (RCT’s).  
Our aim was to describe how TaTME has developed since its introduction, and how 
this evolution aligned with the steps and recommendations of the IDEAL framework. 
This is summarised in Figure 1. 

Pre-IDEAL 

The pre-IDEAL stage of the framework was recently proposed and added to the initial 
5-step framework.9 In this phase, the feasibility of a new procedure is tested and
further developed on cadavers and animals, before starting clinical application.
The first surgeon to present a series of three human cadavers was Mark Whiteford in
200710, who performed sigmoid resections using natural orifice transluminal 
endoscopic surgery (NOTES) instrumentation. He showed that “en bloc”
lymphadenectomy, primary anastomosis and retrieval of an intact specimen could
successfully be performed via a transanal approach, without any incisions. The
procedural steps he described actually come very close to what we would now
recommend as the essential steps for a radical transanal proctectomy.
Accordingly, different aspects of the procedure were further explored and tested in
animal models (pigs) and cadavers, trying to establish whether a full NOTES
procedure for rectal resection would be possible.11-13

The largest human cadaveric series (n=32) of transanal sigmoid resection via NOTES
was conducted between 2008 and 2011, reporting on an intact mesorectum in all the
specimens and a trend towards reduction of operative times.14

Stage 1: IDEA 

Following this extensive preclinical work in the pre-IDEAL stage, focus shifts to the 
first step of the IDEAL framework. In this phase, the ‘proof of concept’ takes place; it 
describes the first clinical case of a new procedure, prompted by the need for a new 
solution for a clinical problem. Only a small group of  surgeons, defined as 
‘innovators’, start performing the procedure on a few highly selected patients. Small 
case series are written to report on any favorable outcomes in order to inform other 
colleagues, yet it may be even more important to also report on recurrent mistakes 
and errors to avoid their repetition in the future.  
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Evolution of TaTME according to the IDEAL framework 

For TaTME, the Idea was to apply the advances in transanal surgery (NOTES, TEM, 
TATA, TAMIS), to further optimize the TME principle, by performing a transanal 
minimally invasive TME.  
In 2010, Sylla and Lacy reported on the first clinical TaTME case.15 A healthy 76-year 
old woman, without previous abdominal surgery, diagnosed with a T2N1 rectal 
carcinoma at 8 cm from the anal verge, was selected to undergo the first TaTME 
procedure. They performed the procedure through a rigid TEM platform with 
laparoscopic assistance from above for the initial exploration and sigmoid 
mobilization. The post-operative course was uneventful and a complete TME 
specimen was obtained with negative margins. After the success of this initial case, 
three cases were reported by Lacy et al.16, with negative resection margins, good 
quality of the specimen and without postoperative complications. 
As these early reports suggested safety and even potential benefits, some ‘early 
adopters’ took up the innovation, and so, around the end of 2012, TaTME moved into 
the Development phase.  

Stage 2a:  DEVELOPMENT 

In this phase, the focus is on technical development and feasibility of the procedure, 
in an initial small and selected group of patients. The few innovators have developed 
personal experience, and some early adopters start to join the innovators. Technical 
modifications of the technique, including the different steps of the procedure as well 
as  changes to the equipment,  are common during this phase. A regulatory ethical 
process is required at this stage, to prospectively register all consecutive patients and 
report on their outcomes.8 
A prospective series was presented by the ‘early adopters’ of 20 well-selected 
patients with rectal cancer, undergoing a transanal NOTES with laparoscopic 
abdominal assistance between August 2011 and July 2012 at the Hospital clinic of 
Barcelona.17 It demonstrated a safe and oncological adequate procedure. Other small 
series showed the same, encouraging outcomes of TaTME in terms of safety and 
efficacy.18, 19

Collaboration is fundamental for further procedural development, and the few 
innovators and early adopters of TaTME were aware of this. In March 2013, the 1st 
International transabdominal TaTME meeting was held in Houston, involving 9 
surgeons from the USA and Europe. They shared experiences and pitfalls and 
discussed how these could be tackled, in a way to find a unique standardization of the 
technique. Key points of discussion were the difference in appearance of the pelvic 
anatomy from below, technical challenges related to the purse string and 
anastomosis, and the need to use a multiport rectal device (GelPOINT path® transanal; 
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Applied Medical) rather than the rigid platform, for a safe and atraumatic dissection. 
Furthermore, collaborators decided to prospectively collect patient data for analysis 
and publication within an international registry.20 
A year later, a second International TaTME summit was held in Paris, after which 
current status and modifications of the technique were reported in an official 
Consensus statement.21 It outlined three facets of the TaTME procedure: the 
technique and its indications, training and adoption, data collection and the TaTME 
registry. Regarding indications, patient selection is difficult in surgery, considering 
not only the technique varies among individual surgeons, but patients themselves are 
varied. The consensus stated TaTME could be utilized for both benign and malignant 
procedures were dissection of the distal or mid-rectum is required. TaTME is 
preferred in males, with low rectal cancers and visceral obesity.  
No recommendations were done regarding to ethical considerations, although this is 
crucial at this stage. When developing a new technique, patients are unavoidably 
exposed to new risks and harm. Well-intentioned surgical experimentation on 
patients must therefore be regulated and monitored. Bernstein et al proposed a 
guideline for determining the need for regulation of novel neurosurgical procedures, 
and highlighted the need of institutional review boards in this process.22 
The colorectal team in Oxford was amongst the early adopters of this new approach 
and collaborated with the pioneers to further improve the technique, as there were 
some concerns. They felt that the new TaTME technique was challenging due to the 
unfamiliar view from below, and demanded a stable field of dissection to properly 
view the anatomical landmarks. A new platform (AirSeal®; ConMed) for more stable 
pneumorectum and better smoke evacuation was proposed, resulting in increased 
visibility with more convenient and precise dissection.23 
Another concern was how to define the correct plane, and, once found, to maintain 
that plane, since again, landmarks are different with the down to up approach. The 
fear of getting to close to the tumour and/or disrupting the mesorectum leads to 
reverse coning with the risk of going too wide and ending up in the pelvic sidewall, 
causing bleeding and damaging anatomical structures (nerves, prostate, vagina and 
urethra are particularly at risk). Bernardi et al demonstrated specific features during 
dissection to guide surgeons. The ‘triangles’ created using appropriate traction can 
aid in performing a precise dissection in the correct plane, while features described as 
‘O’s can alert surgeons that they are entering a new fascial plane and can avoid 
incursion into an incorrect plane.24 Especially the risk for urethral injury, which is 
negligible in conventional abdominal TME, requested new methods for localization of 
the urethra, as assessed by Atallah.25 
The formation of a colorectal or coloanal anastomosis is one of the critical steps in 
TaTME. Compared to standard laparoscopic stapling of the distal rectum, TaTME 
allows stapling techniques with excellent visualization and avoidance of cross 
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stapling, potentially reducing anastomotic leakages26, especially valuable in patients 
with a narrow pelvis. Penna et al proposed four techniques, a hand sewn technique 
for tumours reaching the anorectal junction, a stapler device for higher tumours, with 
the choice for stapler configuration and diameter depending on tumour- and patient 
characteristics and surgeons preference.27 
As one of the innovators, the group of Lacy at the Hospital Clinic of Barcelona 
presented the promising outcomes of the standardised and refined technique after 
performing more than 300 TaTME’s, including the description of two synchronous 
surgeon working teams, to reduce operative time.28  
At this point, the technique was further developed, based on the experiences of the 
innovators and early adopters and their collaboration. The technical steps of the 
procedure were roughly defined when a very rapid uptake occurred of many surgeons 
and centers implementing TaTME. Hence not all important steps were transferred 
from the early adopters to the early majority of surgeons, and the transition to the 
exploration phase occurred at an early stage. 

Stage 2b: EXPLORATION 

In the Exploration phase, attention shifts from developing the technical aspects of the 
procedure, to focusing on correct indications, understanding the potential harms and 
benefits and planning how a RCT can be initiated. The surgical intervention is more 
widely used, now performed by the innovators, early adopters and early majority of 
surgeons. Observational studies should prospectively collect data from multiple 
centers and surgeons, to ensure measurement and comparison of data. Usually large 
numbers of patients are needed before a RCT is feasible.8  
Several groups published the first large cohort series of TaTME.19, 29-31 The largest 
cohort study was published by Lacy et al, describing results of 140 patients, reporting 
a complete resected TME specimen in 97.1% of the cases and low morbidity.  
In July 2014, the International TaTME Registry20 was set up, launched by the UK 
Pelican Cancer Foundation. Ethical approval for the registry was granted by the UK 
Health Research Authority (REC reference 15/LO/0499, IRAS project ID 156930).  It was 
designed to quickly collect high-quality data  of cases performed all over the world, in 
order to further identify the potential harms and benefits.  The registry has a strong 
international collaboration and reflects a wide community of practicing surgeons with 
varying levels of experience.  
In 2017, Penna et al reported the first 720 cases that were recorded on the registry.32 
This was the largest, prospective data series published on TaTME, and an important 
contribution to the safety assessment of TaTME. Good pathologic outcomes were 
found; an incomplete specimen in 4.1% and R1 resection (tumour or lymph node ≤1 
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mm from the resection margin) in 2.7% (16 cases). However, they also reported on 
some technical difficulties during the procedure, such as an unstable pneumopelvis 
and smoke related problems with visualization, leading to visceral injuries, especially 
five urethral injuries.  
Urethral injuries are rarely seen in conventional TME approaches and this type of 
injury is a specific concern for TaTME. An assessment of the outcomes after cadaveric 
training in North America33, showed a high (trainee-reported) risk of urethral injury of 
after attending a cadaver training course. This suggests that only cadaver workshops 
are not sufficient to implement this technique safely and highlight the need for a 
structured training program. 
The second International Registry paper included 1594 patients and assessed 
anastomotic failure.34 An overall anastomotic failure rate of 15.7% was found, which 
included early (7.8%) and delayed leaks (2.0%). The rate of irradical (R1) resections 
was 3.9% and urethral injuries were rare (0.8%).  
Another rare but clinically important risk associated with TaTME is the occurrence of 
a carbon dioxide embolus. The first combined paper from the International TaTME 
registry and US TaTME registry, currently in press, reports an incidence of 25/6375 
(0.4%). They recommend awareness among surgeons and anaesthetists, as early 
recognition and management can limit the clinical impact of such a complication.35 
The advantage of an international registry is to assess the therapeutic effectiveness 
and safety of TaTME, reflecting ‘real world’ practice, with surgeons at different stages 
in their learning curve. This offers a quick and early assessment of a new surgical 
procedure.  
Another important issue of this phase is training, mentoring and learning-curve 
evaluation, as the procedure is likely to be adopted by an increasing number of 
surgeons. On 12 October 2015, the first educational Consensus Workshop for TaTME 
took place.36 The need for an agreed training curriculum and how this educational 
program should be structured was discussed. They proposed the formation of the 
international TaTME educational collaborative group, to develop a TaTME training 
curriculum. Following their consensus meeting, they agreed on the steps in the 
process to achieve a safe implementation:  providing shared communication 
platforms among all stakeholders in the field to drive the educational standard for 
taTME, agree on the essential elements of an optimal training curriculum and 
providing guidance on the implementation and assessment of a training curriculum 
for TaTME.  
Recently, a consensus on this structured training curriculum was proposed by Francis 
et al.37 They recommended that surgeons aiming to learn TaTME should be 
accredited in laparoscopic colorectal surgery, with prior experience in transanal 
surgery. The most important aspects of the curriculum were mentorship, 
multidisciplinary training, online modules and simulated training for purse-string 
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suturing. Entering data into the registry was recommended, as well as a formative 
assessment to promote learning and competency. 
This structured training program was put into practice into the UK, where a pilot 
national training program for TaTME was launched in September 2017.  
Due to the promising early results, a rapid introduction of TaTME in many centers 
without surgeons completing a full training program, resulted in an early shift to the 
Assessment phase. 

Stage 3: ASSESSMENT 

At this stage, effectiveness of the new technique is assessed. A new intervention has 
shown early promise and is used increasingly by the surgical community; however, 
the intervention’s relative benefit compared with conventional approaches is still 
uncertain. Properly conducted RCT’s should be the primary choice, as new techniques 
are prone to overoptimistic assessment by their developers.8 If a RCT is not feasible, 
which is not exceptional in surgical innovation studies, alternative designs could be 
used.7 
The outcomes of the International TaTME Registry also contributed to the set-up of 
three RCT’s. The aim of these studies is to validate the efficacy and safety of TaTME, 
with respect to perioperative outcomes, short- and long-term complications and 
oncological- and functional results. The COLOR-III trial38 and GRECCAR-11 trial39 are 
international, multicentre, randomised trials comparing TaTME and laparoscopic 
TME for mid- and low rectal carcinomas. The RESET-trial40 will be a prospective, 
observational, case-matched, four-cohort, multicenter trial. It is designed to study all 
surgical options available for TME in rectal cancer patients; open laparotomy, 
laparoscopy, robot-assisted- , or transanal surgery. Participating surgeons  treat all 
their eligible rectal cancer patients with their preferred intervention. This design 
minimizes the influence of the learning-curve effect and surgeons might be more 
willing to participate in expertise-based trials.  
Attention will shift to the next phase, once valid evidence on the intervention’s 
relative effectiveness is obtained. At present for TaTME, definitive studies are 
needed. Furthermore, aspects requiring long-term monitoring should be identified in 
this stage, in order to set-up studies related to the last phase of the IDEAL 
framework.  
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Stage 4: LONG-TERM STUDIES 

The evolution of TaTME has not yet reached Stage 4, in which procedures are 
assessed for long-term outcomes. Meticulous surgery with clear view of the 
dissection plane and of the neurovascular bundles should theoretically provide better 
bladder, sexual and bowel function. Currently, it remains uncertain if this is true, and 
what the oncological implications are from this technique. However, the International 
TaTME Registry and the aforementioned trials gather information on long-term 
oncological status and quality of life and these outcomes are soon to be expected.  
In order to collect this data, it is preferable registries are being set up from the start of 
implementing a new technique (Stage 1). This is often not feasible, as at that stage it 
is still unknown if the technique will be adopted and if setting up a registry is 
worthwhile. As for TaTME, the registry was set-up fairly soon after the introduction 
of TaTME.  This was not only beneficial for a quick and early overview of early 
outcomes from a large patient cohort (as described in Stage 2b), but will also provide 
data on learning curve analysis, mid- and long term oncological outcomes and long-
term quality of life and functional outcomes in the near future. 
When large numbers of patients have a sufficient length of follow-up, an 
investigation of outcome variations among subgroups is recommendable, to prevent 
unfair comparison of results between different centers or surgeons with varying 
patient groups.   

Dicussion 

The quality of clinical research in surgery has long attracted criticism. Randomised 
controlled trials, considered the gold standard in evidence based healthcare, are 
often difficult to undertake in surgery, and many surgical treatments have therefore 
been adopted without adequate supporting evidence of efficacy and safety. The 
timing of introducing a new technique is essential and a balance should be found 
between waiting for robust evidence before widespread adoption takes place, against 
depriving patients from a better treatment. Although surgical assessment is often 
challenging, it is fundamental and achievable.  The IDEAL framework specifies 
desirable qualities for surgical studies and outlines an integrated evaluation pathway 
for new surgical interventions.  
The aim of this article was to describe the evolution of TaTME, guided by the IDEAL 
principles. For many years, surgery for rectal cancer has evolved from open 
laparotomy to minimally invasive techniques, while the gold standard to perform a 
high quality TME remained the same. TaTME was born from the Idea that 
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visualization of dissection planes for distal tumours was limited using a pure 
abdominal approach. In the pre-IDEAL phase, extensive pre-clinical work on animals 
and cadavers was performed, which showed that a new ‘bottom-up’ approach was 
feasible, resulting in the first in human TaTME case in 2010. In the Development 
phase, the technique was further refined. Next, extensive exploration of safety and 
outcomes took place in the Exploration phase, owing to the early set-up of the 
International TaTME registry. Assessment of the effectiveness of TaTME against 
current standards can be done after completion of the three (randomised) controlled 
trials. These trials are still ongoing, and follow-up of the registry data is still 
insufficient to report on Long-term outcomes.  
The development of TaTME followed the IDEAL framework quite closely. However, 
the evolution of TaTME was not initially planned via IDEAL approach, so there are 
some gaps. The initial promising early results by the early adopters, resulted in a 
TaTME ‘hype’ with too rapid uptake of the technique by the early majority, without 
warning for the dangers that can be encountered when performing this complex 
technique. The technique was not completely standardized yet when shifting to the 
Assessment phase, for instance the anastomotic technique, and this could explain the 
relatively high anastomotic leak rate. Future recommendations should include the 
standardization and obligation of a formal training program for surgeons, before 
widespread adoption of the technique can take place. Furthermore, besides training 
to improve the learning curve, a steady case volume is crucial to master any 
technique. This is why for a complex procedure as TaTME, the technique should early 
on only be introduced in high volume centers by surgeons experienced in minimal 
invasive TME surgery. If not, poor outcomes are to be expected, not because TaTME 
is a ‘bad’ technique, but because the procedure is ‘badly executed’, in poorly selected 
patients. 
Furthermore guidance statements for safe implementation and training from 
national societies should have been provided at an earlier stage. International expert 
guidance statements are about to be published, and provide recommendations 
regarding indications, quality and outcome measures, training and technique. It will 
be recommended that registration of all cases on a registry should be mandatory, as 
well as regular assessments of individual centre results.   
A limitation of this article is that the overview provided was subject to the personal 
interpretation of the authors of how TaTME aligned with the IDEAL framework.   
Nonetheless, it is important to clarify the lessons learned during adoption and 
implementation of TaTME, in order to inform other colleagues within the surgical 
community, who are undoubtedly struggling with the same issues when introducing 
new surgical techniques. We should learn from each other’s experiences to move 
forward and improve the quality of surgical innovation and research. 
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Abstract 

Background: 
While a shift to minimally invasive techniques in rectal cancer surgery has occurred, 
non-inferiority of laparoscopy in terms of oncological outcomes has not been 
definitively demonstrated. Transanal Total Mesorectal Excision (TaTME) has been 
pioneered to potentially overcome difficulties experienced when operating with a 
pure abdominal approach deep down in the pelvis. This study aimed to compare 
short-term oncological results of TaTME versus laparoscopic TME (lapTME), based on 
a strict anatomical definition for low rectal cancer on magnetic resoncance imaging 
(MRI). 

Methods: 
From June 2013, all consecutive TaTME cases were included and compared to lapTME 
in a single institution. Propensity score-matching was performed for nine relevant 
factors. Primary outcome was resection margin involvement (R1), secondary 
outcomes included intra- and post-operative outcomes. 

Results: 
After matching, forty-one patients were included in each group; with no significant 
differences in patient and tumour characteristics.  The resection margin was involved 
in 5 cases (12%) in the laparoscopic group, versus 2 (5%) TaTME cases (P=0.432). The 
TME specimen quality was complete in 84% of the laparoscopic cases and in 93% of 
the TaTME cases (P=0.266). Median distance to the circumferential resection margin 
(CRM) was 5 mm in lapTME and 10 mm in TaTME (P=0.065). Significantly more 
conversions took place in the laparoscopic group, 9 (22.0%) compared to none in the 
TaTME group (P<0.001). Other clinical outcomes did not show any significant 
differences between the two groups.  

Conclusion: 
This is the first study to compare results of TaTME with lapTME in a highly selected 
patient group of MRI-defined low rectal tumours. A significant decrease in R1 rate 
could not be demonstrated, although conversion rate was significantly lower in 
TaTME.  
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Introduction 

Colorectal cancer remains the third most common malignancy worldwide.1 The 
outcomes for patients with rectal cancer have improved since the widespread 
adoption of total mesorectal excision (TME)2 and use of neo-adjuvant therapy. 
Achieving a good quality TME with negative margins is of paramount importance for 
an optimal oncological resection, reducing the risk of loco-regional recurrence and 
improving cancer-free survival.3-4 Low rectal cancer, however, remains technically 
challenging. As the distance between the rectal wall and mesorectal fascia tapers 
towards the anus, the range for error reduces and thus it becomes more difficult to 
obtain clear margins. Other factors, such as a narrow, irradiated pelvis and obesity, 
also predict intra-operative difficulties.5 Consequently, oncological outcomes of low 
rectal cancer remain inferior compared to more proximal tumours, higher rates of 
resection margin involvement and local recurrences.6 
The impact of minimally invasive techniques is evident in regards to short-term peri-
operative outcomes, but the effectiveness in terms of oncological results is still a 
matter of current debate.7-9 In laparoscopic surgery the visualization is often limited, 
particularly in the lower pelvis, due to fixed trocar positions with insufficient 
angulation in the rigid bony pelvis. This may lead to imprecise distal margin 
determination with a challenging distal transection, high conversion rates, up to 
34%10, and associated increased risk of loco-regional recurrence.11-12  
Transanal TME (TaTME), also known as ‘bottom up’ TME, has been pioneered to 
overcome these difficulties. This approach offers clear, direct visualization of the 
dissection plane from below, even in a narrow pelvis, allowing a more precise and 
trauma-free dissection, which should improve the quality of the TME specimen and 
decrease positive resection margins.  
A meta-analysis by Xu et al showed that short-term outcomes from small cohort 
studies assessing the benefit of TaTME are promising.13 However, most comparative 
studies include rectal tumours at all heights, and therefore potentially underestimate 
the real benefits of TaTME, as this approach is probably most valuable in lower 
tumours. 
This is the first study to specifically compare TaTME with lapTME for MRI-defined low 
rectal cancers, according to the LOREC definition for low rectal cancer.14 By using this 
definition, based on the anatomical landmark where the tapering of the mesorectum 
starts, this study focuses on a patient group known to pose greater technical difficulty 
with increased risk of R1 resection. (Figure 1) 
Our institution adopted and performed TaTME since 2013 as a new surgical approach 
to treat low rectal cancer. In this propensity score-matching analysis, we aimed to 
evaluate histopathological and peri-operative outcomes of TaTME versus 
conventional lapTME, specifically for MRI-defined low rectal cancers.  
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Figure 1. MRI definition of a low rectal tumour (sagittal (left) and coronal (right) T2 
MRI-scans showing the line between the pubic bone and the origin of the levator 
muscles: a tumour below this line was defined as a low rectal cancer). 

Methods 

Study design and patient selection 
A single centre prospective cohort study was conducted, comparing TaTME with 
lapTME. From the first case in June 2013 until July 2017, all rectal cancer patients 
undergoing TaTME in Oxford were analysed. All TaTME cases performed in the unit 
were recorded on the international  TaTME registry15, a prospectively kept database, 
following the national NICE guidelines. Data were extracted from this database. The 
control cohort consisted of all rectal cancer cases operated on between August 2006 
to July 2017; their data were collected on a prospective institutional database, and 
cases were further reviewed retrospectively, collecting any additional information 
required for the study. 
All patients had biopsy proven rectal adenocarcinoma and underwent curative TME 
surgery. Benign cases, squamous cancers, beyond TME resections (extra-visceral), 
recurrent cancer, and patients with previous local excision were excluded. 
Subsequently, all staging MRI scans were reviewed by RH, SR and an expert 
radiologist (AS), in order to only include patients with MRI defined low rectal 
tumours. In accordance with the LOREC definition14 of low rectal cancer, a tumour 
was considered low if the distal border was located distal to the point where the 
levator ani muscles insert on the pelvic bone on sagittal MRI. (Figure 1) 
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 In an attempt to reduce bias of confounding factors in this observational study, the 
two groups were matched for nine variables using propensity scores with a tolerance 
of 0.01, on a one-to-one basis. Independent variables included in the model were sex, 
age (<65 or >65 years), ASA (1-2 or 3-4), BMI (<30 or >30 in kg/m2), tumour height 
from anorectal junction (0-1 cm or >1 cm), clinical TNM-stage (1-2 or 3-4), neo-
adjuvant therapy and type of operation (abdominoperineal excision (APE) or anterior 
resection (AR)). In the unmatched cohort, BMI was not known in 5 cases and 
therefore the mean BMI was imputed before matching.  The matching was 
performed using propensity scores derived from a logistic regression model; the 
dependent variable was operative approach (TaTME or lapTME).  

Outcomes 
Primary outcome was resection margin involvement (R1 resection), defined as a 
positive circumferential resection margin (CRM) and/or a positive distal resection 
margin (DRM). Secondary outcomes included further histopathological features (e.g. 
specimen quality, length of circumferential and distal resection margins) and intra- 
and post-operative outcomes (e.g. conversion rate, intra-operative adverse events, 
30-day morbidity including anastomotic leakage (AL), 30-day Clavien-Dindo and 30-
day readmission rate).
Histopathological assessment of the specimen was carried out by experienced
consultant histopathologists. A resection margin was considered involved if the
distance of tumour or malignant lymph node to the edge of resection was 1 mm or
less. Quality of the TME specimen was categorised using descriptions by Quirke et
al.16

Peri-operative course 
Preoperative assessment for rectal tumours included colonoscopy with biopsies, MR 
imaging of the pelvis and CT-scan of the chest, abdomen and pelvis. A 
multidisciplinary team decided whether patients needed neoadjuvant therapy, 
usually in the form of long course chemo-radiation. In these cases, a repeat MRI-scan 
was obtained to assess tumour regression after the neo-adjuvant therapy. All 
patients were treated according to the UK guidelines for the treatment of rectal 
cancer.17 
Pre-operatively, patients received mechanical bowel preparation and antibiotic 
prophylaxis was administered intravenously on the day of surgery. All procedures 
were performed by the same surgical team consisting of six colorectal surgeons in 
one hospital. Three of those surgeons started performing TaTME since 2013. 
The TaTME technique is thoroughly described in a previously published article by our 
unit.18 Transanal conversion was defined as a resection that was not completed 
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transanally as intended, but rather continued further from the abdominal approach; 
either open, laparoscopic or robotic. 
Laparoscopic TME was performed using a multi-port set-up, with completion of TME 
dissection laparoscopically from above. Conversion was defined as a procedure that 
was started with the intention to perform a laparoscopic dissection, but was 
completed as an open resection requiring a midline laparotomy. Decision of 
fashioning a diverting stoma was made for each patient individually.   
Post-operatively, patients followed the enhanced-recovery protocol, introduced in 
2015, when appropriate.  

Statistical analysis 
All categorical data is presented as number of cases and percentages, whilst 
continuous data is shown as either mean ± standard deviation (range) or as median 
and interquartile range (IQR), depending on the data distribution. Data were analysed 
using the Statistical Package for Social Sciences (SPSS) of IBM Statistics, version 
24.0. Propensity score-matching was carried out as described above. Categorical and 
continuous variables were compared using a chi-square test and the Mann-Whitney U 
test, respectively. A Fisher’s exact test was used for variables with less than 5 
observations.  A P-value ≤ 0.05 was considered statistically significant.  

Results 

A total of 81 consecutive patients underwent TaTME in the period June 2013 until July 
2017, of whom 52 patients met the inclusion criteria. The conventional group 
consisted of 127 patients with low rectal cancer who underwent laparoscopic TME 
surgery between August 2006 to December 2016. After propensity score-matching, 
41 patients in each group were included for comparison. Patient and tumour 
characteristics are shown in Table 1, no significant differences were observed 
between the two groups.  
In both groups, the majority was male, 32 (78%) in the laparoscopic group and 34 
(83%) in the TaTME group (P=0.577). Median tumour height from anorectal junction 
was 1.5 cm [IQR 0.0-3.0] in the lapTME group and 2.0 cm [IQR 0.0-4.0] in the TaTME 
group (P=0.489). On pre-operative MRI, the tumour was located anteriorly in 19 
patients (46% ) in the laparoscopic group versus 24 patients (59%) in the TaTME 
group (P=0.447) and CRM was threatened in 19 patients in both groups.  
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Table 1. Patient- and tumour characteristics 

Laparoscopic 
TME 
N=41 (%) 

TaTME 

N=41 (%) 

Patient characteristics 
Male sex 32 (78.0) 34 (82.9) 0.577 
Age in years, mean ± SD  66.0 ± 9.2  62.5 ± 10.7  0.145 
ASA ≥ III 3 (7.3) 5 (12.2) 0.523 
BMI in kg/m², mean ± SD 26.1 ± 4.0  26.7 ± 1.9  0.243 
Neoadjuvant therapy 

 No
 RT
 Chemo
 CRT
 SCRT

23 (56.1) 
5 (12.2) 
0 (0.0) 
13 (31.7) 
0 (0.0) 

23 (56.1) 
0 (0.0) 
1 (2.4) 
15 (36.6) 
2 (4.9) 

0.086 

Tumour characteristics on MRI 
Height from ARJ in cm, 
median [IQR] 1.5 [0.0 – 3.0] 2.0 [0.0 – 4.0] 0.489 
Tumour size in mm, median [IQR] 43.0 [37.0 – 55.0] 46.5 [34.5 – 53.8] 0.890 
Anteriorly located 19 (46.3) 24 (58.5) 0.447 
TNM-staging 

 Stage 1
 Stage 2
 Stage 3
 Stage 4

8 (19.5) 
16 (39.0) 
13 (31.7) 
4 (9.8) 

9 (22.0) 
15 (36.6) 
13 (31.7) 
4 (9.8) 

1.000 

CRM involvement 19 / 39 (48.7) 19 / 41 (46.3) 0.832 

Percentages are shown as percentages of the whole group not including missing values. 
SD: standard deviation; ASA: American Society of Anaesthesiologists; BMI: Body Mass Index; ARJ: 
anorectal junction; IQR: inter quartile range; CRM involvement was defined as involved if the distance of 
tumour or malignant lymph node to the mesorectal fascia was ≤ 1 mm on MRI. 

Histopathological outcomes are depicted in Table 2. Resection margin was positive 
(R1) in 5 cases (12%) in the lap TME group versus 2 (5%) positive margins, both due to 
positive CRM, in the TaTME group (P=0.432). In the lap TME group, the resection 
margin was involved due to a positive CRM in 2 specimens, a positive DRM in 2 
specimens, and in 1 specimen, both the CRM and DRM were involved. Quality of the 
specimen was graded as complete in 84% in the laparoscopic group versus 92.7% in 
the TaTME group (P=0.412). Median tumour distance to the CRM in the TaTME group 
was 5mm [IQR 3.0-10.0] versus 10mm [IQR 4.2-12.0] after lapTME (P=0.065). The 
mean number of harvested lymph nodes was 14 [IQR 11-24] in the lapTME versus 18 
[IQR 13-26] in the TaTME group (P=0.102).  
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Table 2. Histopathological outcomes 

Laparoscopic TME 
N=41 (%) 

TaTME 
N=41 (%) 

P-value

Primary Outcome 
R1 resection, n (%) 

 Positive CRM
 Positive DRM

5 (12.2) 
3 (1 AR, 2 APE) 

3 (3 AR)

2 (4.9) 

2 (2 AR)
0 

0.432 
0.675 
0.241 

Secondary 
Histological outcomes 
Tumour distance to CRM in 
mm, median [range] 5.0 [3.0 – 10.0] 10.0 [4.2 – 12.0] 0.065 
Tumour distance to DRM 
in mm, median [range] 20.0 [9.8 – 41.3] 20.0 [10.0 – 40.0] 0.649 
Pathological T-stage 

 (y)T0
 (y)T1
 (y)T2
 (y)T3
 (y)T4

2 (4.9) 
3 (7.3) 
11 (26.8) 
25 (61.0) 
0 (0.0) 

2 (4.9) 
1 (2.4) 
13 (31.7) 
25 (61.0) 
0 (0.0) 

0.809 

Pathological N-stage 
 (y)N0
 (y)N1
 (y)N2

22 (53.7) 
15 (36.6) 
4 (9.8) 

26 (63.4) 
11 (26.8) 
4 (9.8) 

0.679 

Specimen quality 
 Complete
 Minor defects
 Major defects

Missing 

21 (84.0) 
4 (16.0) 
0 (0.0) 
16 

38 (92.7) 
3 (7.3) 
0 (0.0) 
0  

0.412 

Lymph nodes, median [range] 14 [11 – 24] 18 [13 – 26] 0.102 

Percentages for the variables are calculated out of the total number of actual results available, excluding 
the missing values. 
R1: Irradical resection margin, defined as tumour or malignant lymph nodes at or within 1mm from the 
resection plane; CRM+: Positive circumferential resection margin; DRM+: Positive distal resection margin; 
(y)pT-stage: Pathological tumour stage; (y)pN-stage: Pathological nodal stage; TME specimen: Total 
mesorectal excision specimen. 

Table 3 presents clinical outcomes. Conversion rate to midline laparotomy was 
significantly lower in the TaTME group, namely 0 (0%), against 9 (22%) conversions in 
the lapTME group (P<0.001). Median operative time was 300 minutes [IQR 240-378] 
in the laparoscopic group and 318 minutes [IQR 270-375] in the TaTME group 
(P=0.290). All anastomotic leakages occurred within 30 days after index surgery. AL 
rate did not differ significantly and was 15% in lapTME and 18% in TaTME (P=1.000). 
Hospital stay was 8 days [IQR 7-11] in the TaTME group and 11 days [IQR 8-17] after 
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lapTME (P=0.052). In all TaTME cases, a defunctioning stoma was fashioned. Thirty-
day unplanned readmission rate and Clavien-Dindo classification scores did not show 
any significant differences between the two groups. In the lapTME group, five 
patients developed a Clavien-Dindo IIIb complication, of which 3 cases were 
anastomosis related. In the TaTME group, 4 of the 6 patients with a Clavien-Dindo IIIb 
complication had anastomosis related problems. 

Table 3. Operative details and clinical outcomes 

Laparoscopic TME 
N=41 (%) 

TaTME 
N=41 (%) 

P-value

Operative details 
Operative time minutes, 
median [range] 300 [240 – 378] 318 [270 – 375] 0.290 
Operation type 

 AR
 APE

27 (65.9) 
14 (34.1) 

28 (68.3) 
13 (31.7) 

0.814 

Intra-operative complications* 3 (7.3) 1 (2.4) 0.616 
Conversion to laparotomy 9 (22.0) 0 (0.0) <0.001 
Defunctioning stoma 24 / 27 (88.9) 28 / 28 (100.0) 0.070 
Clinical outcomes 
Hospital stay in days, median 
[range] 11 [8 – 17] 8 [7 – 11] 0.052 
Readmissions <30 days 8 (19.5) 6 (14.6) 0.557 
Complications <30 days 14 (34.1) 19 (46.3) 0.260 
Anastomotic leakage 4 / 27 (14.8) 5 / 28 (17.9) 1.000 
Clavien-Dindo <30 days 

 I 
 II
 IIIa
 IIIb
 IV and V

3 (7.3) 
4 (9.8) 
2 (4.9) 
5 (12.2) 
0 (0.0) 

6 (14.6) 
4 (9.8) 
3 (7.3) 
6 (14.6) 
0 (0.0) 

0.772 

Percentages for the variables are calculated out of the total number of actual results available, excluding 
the missing values. 
AR: Anterior resection; APE: Abdominoperineal excision. 
*Intra-operative complications defined as major complications, including: visceral injury, bleeding,
ischaemia, not including conversion 
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Discussion 

This propensity score-matching analysis is the first study that compares TaTME with 
lapTME for low rectal cancer based on a strict anatomical definition. By including only 
MRI-defined low rectal cancers, we have focused on a highly selected patient group, 
known to pose greater technical difficulty and associated increased risk of poorer 
oncological and clinical outcomes. Moreover, by propensity matching for nine 
potential confounding factors, homogeneous groups for comparison were created. 
Our results did not show a significant decrease in R1 resections in favour of TaTME. 
However, we were able to demonstrate a significant decrease in conversion rate; 
from 22% in the laparoscopic group, to no converted cases in the TaTME cohort 
(P<0.001). So far, six other comparative matched studies on this topic have been 
published19-24, and only the study by Chen and Persiani20, 24 included more TaTME 
cases (n=50 and n=46, respectively). However, none of these studies focused 
specifically on low rectal cancer. Similarly to our findings, Persiani et al. also reported  
a significant decrease in conversion rates in TaTME versus lapTME, from 20% to 0%. 
Low conversion rates for TaTME were also reported in the recent update from the 
International TaTME registry (4%) and the largest systematic review to date by 
Deijen et al (3%).25, 26 The study by Oostendorp et al27 confirmed the promising 
conversion rates in TaTME, as the authors report on a conversion rate of 2% 
compared to 14% in a comparative cohort of four recent large RCT’s on lapTME.7-9, 28 
The conversion rate in our comparative laparoscopic cohort was 22%, which is 
comparable to other studies describing high conversion rates in laparoscopic TME, 
ranging from 12 to 50 percent.29-31 The low conversion rates observed in TaTME has 
the potential to improve oncological outcomes, as several studies found increased 
risk of loco-regional recurrences and decreased disease-free survival rates in patients 
after converted laparoscopic procedures.11-12 Moreover, decreasing the conversion 
rate in TaTME enhances postoperative recovery and also influences the long-term 
morbidity with a lower rate of incisional hernias and adhesional obstructions.32 
The hypothesis that TaTME improves positive margin rates was not confirmed in this 
study, although there appeared to be a trend towards lower R1 rates. The studies by 
Chen, De’Angelis, Marks and Velthuis21-24 showed a similar trend in decreased rate of 
positive margins after TaTME, although also not significant. The only comparative 
study reporting on a significant decrease in involved margins was the study by Chang 
and coworkers19; 0 of 23 cases in TaTME versus 4 of 23 cases after lapTME (P=0.037). 
The reported positive resection margin rates in the first two reports from the 
international TaTME registry based on 634 and 1663 TME resections for cancer, were 
2.7% and 4.9% respectively.25, 33 The systematic review by Deijen et al26 analyzing 794 
cases from 33 studies, reported a positive resection margin rate of 4.7%. These results 
suggest that TaTME has the potential to decrease R1 rate, an important predictor of 
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LR34,  when compared to lapTME, as three recent randomised controlled trials found 
R1 rates in laparoscopic TME surgery varying from 7-12%.7-9 
In this study, we matched for nine factors that are known to increase case difficulty 
and subsequently influence the risk of R1 resection. The Mercury II study group 
published a stratification model of pre-operative features on MRI that influence 
development of local recurrence after resection for rectal cancer.35 Those risk factors 
on MRI are extra-mural vascular invasion (EMVI) status, an anteriorly located tumour, 
predicted CRM involvement and tumour height <4 cm from anal verge. 
Correspondingly, we matched for tumour height <1 cm from the anorectal junction. 
We were not able to match for the other factors, however our baseline characteristics 
show that these variables were comparable between both groups, except for EMVI 
status, which was not routinely reported for all patients early on in the control group. 
Over the past decades, surgical management for rectal cancer has changed. 
Nevertheless, whether by open or laparoscopic surgery, TME for low tumours 
encounters many challenges, which can be potentially overcome with TaTME. When 
approaching from below, patient characteristics seem to have less impact on the 
procedure, as a multivariate analysis in the study by Penna et al33, failed to show any 
patient characteristics to be of influence on the risk of poor specimen outcome in 
TaTME. Also, a clearer visualization may result in less traction on the specimen and 
more accurate TME dissection, possibly providing better quality TME and negative 
margins, a more accurate distal transection, and lower conversion rates compared to 
laparoscopic surgery. Furthermore, the technique allows for a double pursestring 
anastomosis, avoiding difficulties with stapling the rectal stump, and therefore may 
have the added potential to lower the anastomotic leak rate.26-27 
This hypothesis on AL was not seen in our results. The AL rate of 18% in our TaTME 
cohort might seem relatively high. However, when interpreting these rates, tumour 
height must be taken into account. A study by Borstlap et al38 found an early AL rate 
of 13.4% but this increased to 20% beyond 30 days in patients who underwent low 
anterior resection. An independent risk factor for AL was a distal tumour (≤ 3 cm from 
ARJ), with an odds ratio of 1.88 . The study by Bertelsen and co-workers39 published 
on a five to six time increase in AL risk for low rectal tumours. The recent registry 
study on anastomotic leaks in TaTME by Penna et al25 published on an early AL rate 
of 7.8% for rectal tumours of all heights, which is within an acceptable range 
compared to previously reported incidences in colorectal surgery.40  
The learning curve effect regarding the new TaTME approach could be the reason 
why more significant differences were not seen favoring TaTME, in particular for 
histopathological outcomes and anastomotic leakage, but will hopefully improve 
with increasing surgeon experience. TaTME is not an easy surgical technique, and 
surgeons have to adapt to the unfamiliar anatomical view from below. Our institution 
regularly receives visitors and is a training centre for surgeons aiming to learn TaTME. 
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This might be the reason that operative time was not decreased in the TaTME group, 
while other comparative studies22, 41-43 have reported on the ability of TaTME to 
effectively decrease operative time when performed with a two-team approach.  
We acknowledge that this study has limitations. First, the retrospective view on 
prospectively collected data. By propensity score-matching for nine factors known to 
make a procedure more difficult, we attempted to create two comparable groups; 
nevertheless, we could not match for unknown confounders. Further, a large 
confounder in this study is time, as our inclusion period starts in 2006 for our 
conventional cohort, which may have negatively influenced the outcome of these 
patients as surgeons were still on their learning curve for laparoscopic TME, 
particularly in the early part of this period. However, we compared results to TaTME 
from the start of implementing this technique in our institution, and so included the 
early stages of the surgeons learning curve for both procedures. We could not 
account for possible other improvements in management over time, which might 
have skewed results. Third, the sample size is relatively small, resulting in a lack of 
statistical power. Finally, this study only reports on short-term outcomes. The 
literature on TaTME still lacks long-term oncological and functional data. Longer 
follow up, on large patient cohorts is needed to provide such data, hence the 
importance of the international TaTME registry. Recently, an international 
randomised clinical trial (COLOR III 44) comparing transanal to laparoscopic TME for 
rectal cancers started patient recruitment and will be completed in the next 5 to 8 
years. While awaiting these results, non-randomised comparative studies, are the 
best level of evidence available. 
This study aimed to compare results of TaTME with lapTME in a highly selected 
patient group by only including MRI-defined low rectal tumours. TaTME might 
decrease R1 rate, although this could not be demonstrated with significant results in 
our study. This novel technique warrants further experience and prospective 
randomised studies to ensure oncologic safety and assess long-term functional 
results.  
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Abstract 

Background:  
TaTME is a relatively new, demanding technique for rectal cancer treatment. Results 
from national datasets are absent and comparative data with lapTME are scarce. 
Therefore, this study aimed to evaluate the initial Transanal Total Mesorectal 
Excision (TaTME) experience in the Netherlands, by comparing outcomes with 
conventional laparoscopic TME (lapTME). 

Study design: 
Patients with rectal cancer who underwent curative TaTME or lapTME were selected 
from the nationwide and mandatory Dutch ColoRectal Audit (DCRA), between 
January 2015 and December 2017. Primary outcome was circumferential resection 
margin (CRM) involvement. Secondary outcomes included operative details and 
short-term (<30 days) clinical course.  Propensity score matching was performed for 
seven factors. 

Results: 
There were 3777 patients included for analysis (TaTME=416, lapTME=3361). TaTME 
was performed in 38 hospitals and lapTME in 90 hospitals. Before matching, the 
patient category within the TaTME group was technically more challenging in terms 
of tumour height and pre-operative threatened margins. After 1:1 matching, 396 
patients were included in each group, with comparable baseline characteristics. CRM 
involvement was 4.3% after TaTME and 4.0% after lapTME (P=1.000). Conversion 
rate was significantly lower in TaTME (1.5% vs. 8.6%, P<0.001). Anastomotic leak rate 
was not significantly different (16.5% vs. 12.2%, P=0.116). Other postoperative 
outcomes were also comparable between the groups. Significant independent risk 
factors for CRM involvement in TaTME were pre-operative threatened margin on MRI 
(odds ratio 5.5, 95%CI 1.3-22.5) and conversion (odds ratio 30.1, 95% CI 3.7-245.2).  

Conclusion: 
This first nationwide study shows early experience with adoption of TaTME in the 
Netherlands. Considering that current data represent initial TaTME experience, 
acceptable short-term outcomes were demonstrated when compared with the well-
established lapTME.  
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Introduction 

Total Mesorectal Excision (TME) remains the key principle in the treatment for 
patients with rectal cancer, ever since its introduction in the late 80s.1 The quality of 
the TME specimen is an important prognostic factor for oncological outcome.2 
Achieving a high quality TME dissection might be technically demanding, especially 
for low, bulky tumours in a narrow, irradiated pelvis with limited view. This is true for 
both open and conventional laparoscopic resection, due to fixed trocars positions and 
restricted range of motion within the bony pelvis.3 Transanal Total Mesorectal 
Excision (TaTME) is perceived as a new technique that has the potential to overcome 
the difficulties faced in conventional laparoscopic Total Mesorectal Excision 
(lapTME).4 The ‘bottom-up’ approach increases visibility and access to the dissection 
planes deep down in the pelvis. This approach may improve quality of the resected 
specimen and decrease positive resection margins, potentially resulting in better 
oncologic outcomes. 
LapTME is the gold standard treatment for rectal cancer patients in the Netherlands. 
However, after early introduction of TaTME in the Netherlands in 20125, the 
procedure was gradually adopted by a few high-volume expert centres. Over the last 
two years, there has been a steady increase in hospitals performing the procedure. Of 
the 44 Dutch hospitals that have adopted TaTME into their practice, only 15 hospitals 
completed a structured training program with courses and additional proctoring.6 
Since 2015, this combined transabdominal transanal approach is registered on the 
mandatory Dutch Colorectal Audit (DCRA). The first published international cohort 
studies7, 8 and small matched comparative studies9-14 report on promising results for 
TaTME in rectal cancer, including decreased involved resection margins, lower 
conversion rates and comparable morbidity to lapTME. Yet, it has also been shown 
that TaTME has a substantial learning curve.8  
The aim of this nationwide study was to evaluate the initial experience of TaTME in 
the Netherlands, by comparing differences on short-term oncologic- and surgical 
outcomes with the well-established lapTME in patients with rectal cancer, by 
analyzing DCRA-data from 2015 to 2017. 

Methods 

Data were derived from the Dutch ColoRectal Audit (DCRA), an obligatory 
nationwide registry, where information on patient, tumour, intra-operative details 
and short-term outcomes (<30 days) of all patients with primary colorectal cancer 
undergoing resection is collected. Data from centres are regularly audited by an 
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independent monitoring group. On a yearly base, the number of patients surgically 
treated for colorectal cancer are cross checked with the Dutch National Cancer 
Database (NCR) rates, showing that the DCRA has close to 100% inclusion rate.  
Detailed information of this colorectal cancer-specific audit regarding the 
methodology and quality of data has been published previously.15  

Patient selection 
All patients who underwent TaTME or lapTME for primary rectal cancer and were 
registered on the DCRA between January 1st, 2015 and December 31th, 2017 were 
selected for analysis. Start date of inclusion was chosen based on the time when the 
TaTME approach was added to the DCRA dataset. If a combined endoscopic 
transanal and laparoscopic approach was registered, this was considered TaTME. 
LapTME included procedures performed by only a transabdominal laparoscopic 
approach. A patient was eligible for analysis when information on the location of the 
tumour, date of surgery and status of the patient was known (30-day/ in-hospital 
mortality). Exclusion criteria were tumours >10 cm from the anorectal junction (ARJ), 
previous local excision and an emergency setting. Abdominoperineal resections 
(APR’s) were excluded since these procedures form another entity of rectal cancer 
surgery. No ethical approval or informed consent was required under the Dutch Law 
for this study. 

Data extraction and outcome parameters 
Patient- and tumour characteristics, treatment characteristics, and short-term 
outcomes within 30 days after resection or in-hospital events were extracted from the 
DCRA. The primary outcome was circumferential resection margin (CRM) 
involvement, defined as the presence of tumour or malignant lymph node <1 mm 
from the CRM. Secondary endpoints included proportion of primary anastomosis, 
diverting stoma, laparoscopic conversion, intra-operative complications, and short-
term (<30 days) postoperative outcomes (overall complications, anastomotic 
leakages, length of postoperative hospital stay, complicated course, readmission and 
mortality). Anastomotic leakage was defined as anastomotic dehiscence or intra-
abdominal abscess adjacent to the anastomotic site, requiring radiological or surgical 
re-intervention. Complicated course was defined as a post-operative complication 
resulting in a hospital stay >14 days and/or reintervention and/or postoperative 
mortality. Pre-operative threatened margin on MRI was defined as the presence of 
tumour or malignant lymph nodes <1 mm from the mesorectal fascia. 
Missing data did not exceed 15% for the variables presented. 
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Statistical analysis 
Categorical variables were defined as absolute numbers of cases and percentages, 
excluding missing values, and continuous data was shown as median with 
interquartile range (IQR). For intergroup variation, the chi-square test was used, while 
the Mann-Whitney U test was used for continuous variables. By uni- and 
multivariable logistic regression analysis, independent risk factors for CRM 
involvement were identified. Factors with a P-value of <0.10 in univariable analysis 
were entered in multivariable logistic regression analysis. Factors showing a P-value 
of <0.05 were considered significant and therefore predisposing for CRM involvement 
and anastomotic leakage. Odds ratios (OR) and 95% confidence intervals (CI) were 
used to present the results in uni- and multivariable logistic regression analysis. In an 
attempt to reduce bias of confounding factors in this observational study, the two 
groups were matched for seven relevant and available variables using propensity 
scores with a tolerance of 0.01, on a one-to-one basis. Independent variables included 
in the model were; gender, BMI (<30 or >30 in kg/m2), tumour height from ARJ (0-3 
cm, 3-6 cm or 6-10 cm), clinical TNM-stage (1-2 or 3-4), pre-operative threatened 
margin on MRI, neo-adjuvant therapy and year of operation. The matching was 
performed using propensity scores derived from a logistic regression model; the 
dependent variable was the operative approach (TaTME or lapTME). For categorical 
variables, the McNemar test was used, for continuous variables the paired t-test. 
Statistical analyses were performed in SPSS version 24.0 Statistics for Windows. 

Results 

Between 2015 and 2017, 562 TaTME (44 hospitals) and 12152 lapTME procedures 
were performed and registered in the DCRA in the Netherlands. (Supplement figure 1) 
After exclusion of tumours >10 cm from the ARJ, previous local excision, emergency 
procedures and APR procedures, 416 TaTME and 3361 lapTME were eligible for 
analysis. Figure 1 shows the hospital distribution of TaTME and lapTME procedures 
for the included cohort. TaTME was done in 38 hospitals, of which 18 (47.4%) 
hospitals performed 0-5 TaTME cases, 8 (21.1%) hospitals performed 6-10 cases, 6 
(15.8%) hospitals performed 11-20 cases and another 6 (15.8%) hospitals performed 
>20 cases. LapTME was performed in 90 hospitals, of whom 64 (71.1%) performed
>20 cases.
Baseline patient and tumour characteristics of the cohort before and after matching
are demonstrated in Table 1. Relatively more males and younger patients were
represented in the TaTME group. Less preoperative therapy was given in patients
who underwent TaTME (36.3% vs 41.8%, P<0.001). Pre-operative threatened margin
on MRI was higher in the TaTME group (31.8% versus 23.9%, P=0.004), and the
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proportion of low tumours (0-3cm from ARJ) was significantly higher in the TaTME 
group (26.2% versus 9.5%, P<0.001).  
After propensity matching for seven factors (gender, BMI, tumour height, cTNM-
stage, pre-operative threatened margin on MRI, neo-adjuvant therapy and operation 
year) 396 patients in each group were analysed. No statistically significant differences 
were observed with regard to baseline characteristics between both groups.  

Figure 1. Hospital distribution of TaTME and lapTME procedures 

CRM involvement  
In the unmatched cohorts, CRM involvement was 4.4% and 3.0% after TaTME 
and lapTME, respectively (P=0.132). After matching, CRM involvement rate was 
similar: 4.3% after TaTME and 4.0% after lapTME (P=1.000). (Table 2)  
Table 3 shows a multivariable analysis to identify independent risk factors for CRM 
involvement in the unmatched groups, separately for TaTME and lapTME. For 
TaTME, pre-operative threatened margin on MRI and conversion were identified as 
independent risk factors for CRM involvement OR 5.5 (95% CI1.3-22.5) and OR 30 
(95% CI 3.7-245.2), respectively. For lapTME, four independent factors predisposing 
for CRM involvement were found: pre-operative threatened margin on MRI, OR 2.0 
(95% CI 1.1-3.4), multivisceral resection, OR 4.1 (95% CI 1.8-9.6), (y)pT-stage, OR 4.5 
(95% CI 2.0-10.2), and (y)pN-stage, OR 4.8 (95% CI 3.0-7.7). 
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Table 1. Patient- and tumour characteristics for TaTME and lapTME, before and after matching 

Before matching After matching 
TaTME 
N=416 (%) 

lapTME 
N=3361 (%) 

P-value TaTME 
N=396 (%) 

lapTME 
N=396 (%) 

P-value

Patient characteristics 
Male sex 301 (72.4) 2143 (63.8) 0.001 288 (72.7) 281 (71.0) 0.349 
Age <75 343 (82.5) 2547 (75.8) 0.003 324 (81.8) 304 (76.8) 0.090 
ASA >III 69 (16.6) 524 (15.6) 0.598 66 (16.7) 65 (16.4) 1.000 
BMI >30 77 (18.6) 566 (17.2) 72 (18.2) 69 (17.4) 0.780 
History of abdominal surgery 118 (28.4) 873 (26.0) 0.301 112 (28.4) 102 (25.8) 0.468 
Tumour characteristics 
Pre-operative MRI 409 (98.3) 3277 (97.5) 0.571 391 (98.7) 391 (98.7) 0.657 
Threatened margin on MRI 117 (31.8) 718 (23.9)  0.004 112 (31.4) 116 (32.2) 0.053 
Distance from ARJ 

 0-3 cm
 3-6 cm 
 6-10 cm

109 (26.2) 
163 (39.2) 
144 (34.6) 

320 (9.5) 
946 (28.1) 
2095 (62.3) 

<0.001 
100 (25.3) 
157 (39.6) 
139 (35.1) 

105 (26.5) 
152 (38.4) 
139 (35.1) 

0.056 

cT-stage 
 cT1
 cT2
 cT3
 cT4
 cTx

16 (3.8) 
105 (25.2) 
266 (63.9) 
21 (5.0) 
8 (1.9) 

96 (2.9) 
938 (27.9) 
2133 (63.5) 
139 (4.1) 
55 (1.6) 

0.541 
11 (2.8) 
99 (25.0) 
260 (65.7) 
20 (5.1) 
6 (1.5) 

12 (3.0) 
106 (26.8) 
250 (63.1) 
25 (6.3) 
3 (0.8) 

0.636 

cN-stage 
 cN0
 cN1

185 (44.5) 
133 (32.0) 

1505 (44.8) 
1093 (32.5) 

0.953 
175 (44.2) 
129 (32.6) 

176 (44.4) 
125 (31.6) 

0.991 
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 cN2
 cNx

93 (22.4) 
5 (1.2) 

716 (21.3) 
47 (1.4) 

92 (23.2) 
0 (0.0) 

94 (23.7) 
1 (0.3) 

Neoadjuvant therapy 
 No 
 SCRT-IS
 SCRT-DS
 (L)CRT

151 (36.3) 
72 (17.3) 
51 (12.3) 
141 (33.9) 

1406 (41.8) 
722 (21.4) 
234 (7.0) 
971 (28.9) 

<0.001 
140 (35.4) 
70 (17.7) 
50 (12.7) 
135 (34.2) 

143 (36.2) 
62 (15.7) 
34 (8.6) 
156 (39.5) 

0.103 

Percentages for the variables are calculated out of the total number of actual results available, excluding the missing values. 
ASA: American Society of Anaesthesiologists-Classification; BMI: Body Mass Index; MDT: multidisciplinary team; MRI: Magnetic Resonance Imaging; ARJ: Anorectal 
junction junction; cT-stage: clinical tumour stage; cN-stage: clinical nodal stage; SCRT-IS: Short Course Radiotherapy-Immediate Surgery; SCRT-DS: Short Course 
Radiotherapy-Delayed Surgery; (L)CRT: Long Course Radiotherapy/Chemoradiotherapy.  

Table 2. Outcome characteristics for TaTME and lapTME, before and after matching 

Before matching After matching 
TaTME 
N=416 (%) 

lapTME 
N=3361 (%) 

P-value TaTME 
N=396 (%) 

lapTME 
N=396 (%) 

P-value

 Operative outcomes 
Type of surgery 

 Anastomosis +stoma 
 Anastomosis -stoma 
 Hartmann’s

122 (29.7) 
210 (51.1) 
79 (19.2) 

1130 (34.2) 
1405 (42.5) 
772 (23.3) 

0.035 
116 (29.7) 
199 (50.4) 
76 (19.4) 

112 (28.9) 
175 (45.2) 
100 (25.8) 

0.351 

Conversion to laparotomy 6 (1.4) 292 (8.7) <0.001 6 (1.5) 34 (8.6) <0.001 
Adverse events 

 Ureter/urethra injury
 Other organ injury
 Transfusion

1 (0.2) 
14 (3.4) 
0 (0.0) 

6 (0.2) 
82 (2.4) 
14 (0.4) 

0.507 
1 (0.3) 
14 (3.5) 
0 (0.0) 

1 (0.3) 
8 (2.0) 
0 (0.0) 

0.307 
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Multivisceral resection 9 (2.2) 61 (1.8) 0.620 9 (2.3) 5 (1.3) 0.388 
 Pathological outcomes 
(y)pT-stage 

 (y)pT0
 (y)pT1
 (y)pT2
 (y)pT3
 (y)pT4
 (y)pTX

34 (8.2) 
45 (10.8) 
152 (36.5) 
180 (43.3) 
4 (1.0) 
1 (0.2) 

226 (6.7) 
435 (13.0) 
1121 (33.5) 
1490 (44.5) 
67 (2.0) 
10 (0.3) 

0.421 
33 (8.3) 
40 (10.1) 
144 (36.4) 
174 (43.9) 
4 (1.0) 
1 (0.3) 

39 (9.8) 
46 (11.6) 
148 (37.4) 
156 (39.4) 
4 (1.0) 
3 (0.8) 

0.295 

(y)pN-stage 
 (y)pN0
 (y)pN1
 (y)pN2
 (y)pNX

271 (65.1) 
89 (21.4) 
56 (13.5) 
0 (0.0) 

2236 (66.7) 
805 (24.0) 
308 (9.2) 
2 (0.1) 

0.073 
258 (65.3) 
84 (21.3) 
53 (13.4) 
0 (0.0) 

291 (73.7) 
78 (19.7) 
26 (6.6) 
0 (0.0) 

0.012 

CRM positive* 18 (4.4) 98 (3.0) 0.132 17 (4.3) 16 (4.0) 1.000 
Lymphnodes >10 345 (82.9) 2763 (82.2) 0.587 334 (84.3) 320 (80.8) 0.227 
Postoperative outcomes < 30 days 
Overall complications 176 (42.3) 1213 (36.1) 0.042 168 (42.4) 146 (36.9) 0.135 
Anastomotic leakage 53/332 (16.0) 289/2535 (11.4) 0.013 52/315 (16.5) 35/287 (12.2) 0.116 
Length of stay in days (median, IQR) 7 [5-13] 6 [4-10] <0.001 6.5 [5-13] 6 [4-9] 0.280 
Complicated course 109 (26.2) 703 (20.9) 0.013 107 (27.0) 86 (21.7) 0.099 
Re-admission 71 (17.1) 517 (15.4) 0.371 68 (17.2) 74 (18.7) 0.640 
Mortality 1 (0.2) 41 (1.2) 0.072 1 (0.3) 3 (0.8) 0.625 

Percentages for the variables are calculated out of the total number of actual results available, excluding the missing values. 
pT-stage, pathological tumour stage; pN-stage, pathological nodal stage; CRM, Circumferential Resection Margin; IQR, Interquartile range; complicated course, 
complication resulting in hospital stay >14 days, re-intervention or mortality.  
*CRM positive rates (<1mm) were calculated after exclusion of (y)pT0N0 stage. 

59



Part 1 │ Chapter 3 

Secondary endpoints 
Table 2 shows the short-term outcomes of the unmatched and matched groups. 
Before matching, a primary anastomosis was more often created in the TaTME group 
(80.8% vs. 76.7%), and significantly less often diverted (51.1% vs. 42.5%; P=0.035).  
Conversion rate of TaTME was 1.4%, which was significantly lower than 8.7% of 
lapTME (P<0.001). Other intra-operative complications were rare, and only one 
patient in each group had a ureter- or urethral injury.  Anastomotic leakage occurred 
more often in TaTME; 16.0% vs. 11.4% (P=0.013). Postoperative complication rate 
was higher (42.3% vs. 36.1%; P=0.042) and postoperative hospital stay was one day 
longer in the TaTME group (median 7 vs. 6 days, P<0.001).  
After matching, proportions of primary anastomosis (80.1% in TaTME vs. 74.1% in 
lapTME) and proportions of defunctioning in case of an anastomosis (50.4% vs. 
45.2%) were no longer significantly different (P=0.351). Conversion rate remained 
significantly lower in TaTME; 1.5% vs. 8.6% (P<0.001). Intra-operative complications 
(excluding conversion) occurred in a similar percentage of 3.8% and 2.3%, 
respectively. Postoperative endpoints within 30 days did not significantly differ 
between the matched cohorts. If comparing TaTME with lapTME, anastomotic leak 
rate was 16.5% and 12.2% (P=0.116), overall complication rate was 42.4% and 36.9% 
(P=0.135), median length of stay was 6.5 and 6 days (P=0.280), and readmission rate 
was 17.2% and 18.7% (P=0.640), respectively. One patient in the TaTME group and 
three patients in the lapTME group died within 30 days, with an unknown cause.  

Table 3. Multivariable analysis for various factors, casemix factors and year of 
operation for TaTME and lapTME.  
*Data represents the total (unmatched) cohort.

TaTME LapTME 
 Variables OR (95% CI) P-value OR (95% CI) P-value
Threatened margin on 
MRI 

5.5 (1.3-22.5) 0.018 2.0 (1.2-3.4) 0.010 

Conversion 30.1 (3.7-245.2) 0.001 
Multi-visceral resection 4.1 (1.8-9.6) 0.001 
(y)pT4 4.5 (2.0-10.2) <0.001 
(y)pN1-2 4.8 (3.0-7.8) <0.001 

Factors included in univariable analysis: gender, BMI, history of abdominal surgery, distance to mesorectal 
fascia, neo-adjuvant therapy, tumour height, restorative procedure (Hartmann vs other), conversion, intra-
operative complications, multiple visceral resection, (y)pT-score, (y)pN-score, year of operation. 
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Discussion 

This nationwide study shows the short-term oncological and clinical outcomes of the 
initial experience with TaTME in the Netherlands. It is unique in describing outcomes 
of TaTME on a national level from an obligatory audit with high quality data. To our 
knowledge, this study is the largest comparative cohort study on TaTME versus 
lapTME published to date. Comparability of surgical techniques was increased by 
propensity matching for seven available and relevant factors. Matched comparison 
revealed no difference in CRM involvement between TaTME and lapTME. Conversion 
rate was significantly lower in TaTME. No significant differences in postoperative 
outcomes were observed between the matched groups. The results found in this 
study demonstrate the outcome of rapid and effective implementation of TaTME in 
the Netherlands.  
The TaTME group consisted of significantly more males, more threatened resection 
margins on baseline MRI and a larger proportion of lower tumours (26.2% vs. 9.5%). 
This indicates a patient selection for TaTME with more difficult cases and the results 
before matching must be interpreted in this view. Although potential risk factors for 
poor oncological outcome as extramural vascular invasion (EMVI) and anterior 
location 16 were not available in the DCRA dataset, seven other potential confounding 
factors for CRM positivity were used for propensity score matching to increase 
comparability. After matching, a similar proportion of CRM involvement was found. 
This is remarkable, considering that TaTME was only introduced recently and 
surgeons are likely to be still in their learning curve, while lapTME is a well-
established procedure for over more than a decade. The 4.3% rate found in our 
matched TaTME group, is comparable to the 3.9% in the latest international TaTME 
registry paper.17 Although, it must be taken into account that the international 
TaTME registry 18 is voluntary, and surgeons with good results are more likely to enter 
cases to this database, whereas our data originates from a mandatory national 
database. CRM involvement in lapTME varied between 6% and 10% in the four most 
recent RCT’s comparing open or robotic TME with lapTME 19-22, implying the CRM 
involvement rates in both TaTME and lapTME found in this study are more than 
acceptable. Moreover, in ALACART, resection margin involvement on preoperative 
MRI and clinical T4 tumours were exclusion criteria, possibly resulting in lower 
involved CRM rates, while this study reflects real life practice.  
The low conversion rate after TaTME (1.5%) correlates with findings in systematic 
reviews and data from the TaTME registry.7, 8, 17 Again, in the four most recent RCT’s 
on conventional lapTME, conversion rates of 9-16% were found. This adds more 
evidence to the thought that by approaching from below in TaTME, the problem with 
decreased visualization and limited space deep down in the pelvis, as experienced 
with a pure abdominal approach, is no longer an issue and conversion rate decreases. 
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This is of paramount importance, as conversions are not only associated with higher 
intra-operative morbidity, but, more importantly, with poorer oncologic outcomes 
and higher rates of local recurrences.23, 24 
A specific concern for TaTME are urethral injuries, something rarely seen when 
approaching from above. This data did not show an increased risk of ureter- or 
urethral injuries in TaTME intra-operatively. Postoperative morbidity was comparable 
in TaTME and lapTME after matching.  Anastomotic leakage rate was higher in the 
unmatched TaTME cohort, but this difference lost statistical significance after 
propensity score matching for confounding factors. The leak rate of 16.5% after 
TaTME and 12.2% after lap TME might be interpreted as relatively high. But there is a 
wide range in reported leak rates in literature, depending on definition, clinical 
setting, and length of follow-up. The observed leak rate is comparable to the 13.4% 
leak rate from a large Dutch cross-sectional study including all TME procedures in 
2011 by Borstlap et al25, which increased to 20% beyond 30 days. A prospective study 
from a French expert centre26 showed even a 26% leak rate if also asymptomatic and 
late leakages were included. Current literature still under reports anastomotic leak 
incidence, yet the aforementioned studies highlight that leaks might occur more 
often than what is actually believed.  By many founders of the technique, it is 
hypothesized that TaTME may decrease anastomotic leakages, due to excellent 
exposure, the purse string anastomosis at the start of the procedure, and due to the 
ability to perform a single stapled anastomosis for bowel continuity. Using 
laparoscopic transabdominal approach for cross stapling of the rectum, often 
multiple staple firings are needed due to limited angulation of the instruments, which 
is associated with an increased risk of anastomotic leakage.27 However, in this study 
this hypothesis could not be confirmed. This could be explained by the learning curve 
of TaTME which includes a new way of constructing the anastomosis. This part of the 
procedure should receive more attention during training courses, as the learning 
curve for TaTME is particularly long and demanding.  
TaTME is a novel minimally invasive technique, which has the potential to tackle 
difficult pelvic dissections, and has captured the attention of the surgical community 
worldwide. Laparoscopic surgery has shown to improve outcomes for many surgical 
indications, however, for rectal cancer surgery, the benefit with regards to oncologic 
outcomes compared to open surgery is still debated.20, 21, 28 The down to up approach 
in TaTME, should improve visualization of the dissection plane and facilitate a 
meticulous TME procedure. Potentially, this leads to higher quality specimens with 
less involved margins and lower conversion rates.  
Other minimal invasive techniques, such as robotic surgery, may also overcome the 
challenges of deep pelvic dissection that are faced with conventional laparoscopic 
TME. The DCRA data did not allow for a comparison of TaTME with robotic TME, 
since there were very few robotic TME cases done in the Netherlands. The first RCT 
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comparing robotic with laparoscopic TME, however, did not show a significant 
reduction in conversion to open laparotomy and showed comparable positive CRM 
rates, when performed by surgeons of varying experience with robotic-assisted 
surgery.19 
Currently, 44 centres in the Netherlands have performed 562 TaTME procedures for 
rectal cancer in total (Supplement Figure). Figure 1 shows the distribution of TaTME 
and lapTME for patients with rectal cancer operated between 2015 and 2017, 
indicating some centres almost entirely switched to TaTME to resect rectal cancers, 
while the majority just started performing this procedure and are still in their learning 
curve. The increasing use of minimally invasive approaches adds complexity to the 
procedure and requires enhanced surgical skills. TaTME is not an easy procedure to 
learn. An assessment of the outcomes after cadaveric training in North America, 29 
showed a high risk of iatrogenic injury after training, indicating that only cadaver 
workshops are not sufficient to implement this technique safely. This is why a 
structured training program which includes proctoring is needed, and hospitals need 
to have enough case-volume to get over their learning curve quickly. In this study, 
only 15 of the 44 centres were included in a structured Dutch training program 5, 
although we do not know if other surgeons received training abroad. Unfortunately, 
we could not compare the outcomes of the 15 centres that were trained with the 
‘untrained’ centres, since the available data from the DCRA is anonymised for 
patients and centres. Moreover, only three centres performed more than 40 cases. 
After exceeding a learning curve threshold of 40 procedures, Koedam et al 30 found 
significantly lower surgical complications and leak rates for TaTME. Thus, in the 
Netherlands, not all procedures were done in TaTME trained centres, and almost all 
surgeons, except for the three high-volume centres, are likely to be still in their 
learning phase. This must be taken into account when interpreting our data. An 
improvement of outcomes after TaTME is to be expected, when more centres pass 
the volume threshold of 40 patients.  
Limitations of a nationwide registration study need to be discussed. The quality and 
completeness of the data improve over the years due to factors like training of 
registrars. However, missing data is inevitable whereas not all variables in the registry 
are mandatory and new variables are introduced e.g. TME quality. Also, the registry 
does not offer long term surgical and oncological data which could be essential for 
the comparison of two surgical techniques. Potential concerns of TaTME, such as 
nerve- and sphincter damage and functional outcomes, could not be explored in this 
study, again because of limited data set recorded, and should be further explored in 
future studies. However, with the ongoing COLOR III-trial and RESET-trial this 
information on long term data is soon to be expected.31 We acknowledge that this 
study design could not approach the quality of a well-run RCT. Nevertheless, ‘real 
world’ evidence that reflects daily practice  is increasingly considered to be of 
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additional value besides the trials with strict in- and exclusion criteria, and cohorts 
from expert centres. 

Conclusion 

This nationwide study demonstrated the rapid and effective implementation of 
TaTME in the Netherlands for patients with rectal cancer. Consequently, TaTME 
proves to be a good alternative for the surgical treatment of patients with low- and 
midrectal cancer.  We believe that monitoring of outcomes is crucial when 
introducing a new technique, and encourage registration of data on (inter-)national 
registry databases. Furthermore, future studies should focus on long-term 
oncological and functional outcomes. 
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Abstract 

Background: 
The interest and adoption of transanal total mesorectal excision (TaTME) is growing 
worldwide, but evidence on nationwide implementation and short-term outcomes is 
scarce. This study aims to evaluate national results for this relatively new technique in 
the United Kingdom (UK). 

Methods: 
All TaTME procedures performed in the UK and recorded on the international TaTME 
registry between January 2013 and January 2018 were analysed. Surgeons who 
received training on TaTME in the UK were sent a survey regarding their experience 
with implementation of TaTME in their unit. Primary endpoint was a composite for 
‘optimal pathology’ (free resection margin (R0) and TME specimen with no major 
defects and no rectal wall perforations). Secondary outcomes included 30-day clinical 
course and survey outcomes.  

Results: 
Forty-two hospitals entered 513 cases over a 5 year period; 28/42 hospitals (67%) 
performed 10 cases or less. The indication for surgery was cancer in 364 (71%) cases. 
Optimal pathology was achieved in 295 (93%), with an involved resection margin (R1) 
rate of 13/513 (4%). Clavien-Dindo ≥III within 30 days was 13% (45 cases) and 7% (10 
cases) in the cancer and benign groups, respectively. Based on the survey (response 
rate 68/86; 80%), 76% of the surgeons implemented TaTME in their unit after 
receiving training, all of whom experienced difficulties with performing TaTME.  

Conclusion: 
This study reports acceptable nationwide short-term outcomes of TaTME. However, 
adoption occurred in a rapid and non-standardised manner. A structured TaTME 
training program is therefore recommended.  
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Introduction 

Transanal total mesorectal excision (TaTME) is the latest minimally invasive 
technique pioneered to potentially overcome some of the technical challenges of 
operating in the deep pelvis related to anatomic constraints and tumour specific 
characteristics.1, 2 The interest and adoption of TaTME continues to grow worldwide, 
as excellent short-term oncologic results have been reported, both in small cohort 
series from expert centres and in reports from the international TaTME registry.3-5 
In practice, however, TaTME is not an easy technique to learn. The initial phase of the 
learning curve is associated with new complications and high peri-operative 
morbidity rates  due to an unfamiliar view of the anatomy from below.6 Structured 
training pathways have been developed in an effort to allow for safer implementation 
and more rapid learning.7, 8 
But amidst the initial enthusiasm, TaTME has been implemented at a rapid pace in 
many surgical units while standardization of the procedural steps was still evolving 
and particularly the training pathways were still under development. Small cohort 
series reveal the inherent dangers of too rapid, unstructured implementation.9 
National datasets can provide further insight on implementation and potential 
problems with implementing of new technology. 
Monitoring of outcomes is crucial to ensure a safe introduction of the technique in the 
clinical setting, as well as understanding the pattern of nationwide implementation of 
TaTME, evidence for which is currently scarce. This study shows the short-term 
outcomes of TaTME in the United Kingdom (UK) based on the international TaTME 
registry,  and investigates the early experience and implementation of TaTME 
throughout the UK, by sending out a survey to colorectal surgeons in the UK. 

Methods 

Study design and patient population 
The TaTME registry10 is a secure online voluntary database and surgeons worldwide 
are invited to record their TaTME cases. Ethical approval for the registry was granted 
by the UK Health Research Authority (REC reference 15/LO/0499, IRAS project ID 156930). The 
registry prospectively collects data on patient demographics, staging and 
neoadjuvant treatment, operative details, postoperative clinical and histological 
outcomes, readmission details, late morbidity, and long-term oncologic follow-up. 
For this study, all UK patients undergoing TaTME for benign and malignant 
indications between January 2013 and January 2018 were selected from the whole 
international dataset, cleaned and analysed. Six months before data analysis, 
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registered surgeons were invited via email to update their patients’ records, with 
multiple reminders to minimide missing data. Surgeons were individually contacted 
to provide missing data or equivocal results.  
In addition, an online survey was designed using ‘Survey monkey’, seeking views from 
all surgeons in the UK who received any type of training on TaTME. The survey 
questions were formulated by the main authors and consisted of multiple choice and 
open-ended questions. The survey explored the type of TaTME training received by 
the surgeons and whether they had proceeded to implementing the technique in 
their local hospital.  For those performing TaTME,  questions were asked about their 
current practice as well as any possible barriers and difficulties that may have been 
encountered whilst implementing the technique. If surgeons did not adopt the 
technique after training, reasons for not doing so were explored. All surgeons were 
asked to share their views on proctoring and to make suggestions on which aspects 
they would have approached differently whilst implementing this new technique.  
Primary endpoint was a composite for ‘optimal pathology’ (clear resection margins 
(R0) and complete or nearly complete TME specimen and no rectal perforations). 
Resection margin involvement (R1) was defined as the presence of tumour or 
malignant lymph node 1 mm or less from the circumferential resection margin (CRM) 
and/or distal resection margin (DRM). Completeness of the TME specimen was 
categorised according to the description by Quirke et al.11 Secondary outcomes 
included 30-day clinical course and surgeons experience with implementing TaTME 
according to the survey.  
Abdominal conversion was defined as a procedure that was started with the intention 
to perform a laparoscopic abdominal dissection, but required a midline laparotomy to 
complete the case. Perineal conversion was defined as a change in operative 
approach from transanal to a more extensive  abdominal approach than initially 
planned. Anastomotic failure was defined as early and late anastomotic leak and 
pelvic abscess in a patient with anastomosis. 

Statistical analysis 
The Statistical Package for Social Sciences (SPSS) of IBM Statistics, version 24, was 
used for the statistical analysis. Univariate analysis comparing categorical variables 
was performed using the chi-square test, and continuous variables were analysed 
using the Mann -Whitney U test.  All categorical data is presented as number of cases 
and percentages, whilst continuous data is shown as median with interquartile range. 
Missing data did not exceed 15% for each variable and percentages shown represent 
data available excluding missing values.   
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Results 

In total, 513 cases from 42 surgical units throughout the UK were recorded on the 
International TaTME registry during a five year period. The indication for surgery was 
rectal cancer in 364 (71%) patients and benign pathology in 149 (29%) patients. 
Caseload distribution is presented in Figure 1. Each hospital was allocated a number 
(1-42) to maintain anonymity. Case volume distribution during the total study period 
was as follows: 0-5 cases in 22 (52%) units, 6-10 cases in 7 (17%), 11-20 cases in 7 (17%) 
units and  >20 cases in 6 (14%) units. 
Patient characteristics are outlined in Table 1. The majority of cases were male; 280 
(77%) for cancer procedures and 91 (61%) for benign procedures. Patients operated 
on for a malignant indication were 67 years [ IQR 59-73] in the cancer group and 45 
[IQR 33-57] in the benign group. ASA-score was ≥ 3 in 76 cases (21%) in the cancer 
group and 25 cases (17%) in the benign group. 

Figure 1. Case volume per hospital (in total, during studyperiod). 

Preoperative tumour staging and neoadjuvant therapy is also shown in Table 1. 
Median tumour height from anorectal junction on staging MRI was 4cm (range 0-12). 
Tumours were anteriorly located in 154 (46%) cases. Tumours were staged as ≥ 3 in 
241 (68%) cases and nodal status of  ≥ 1 in 164 (46%) cases. Preoperative involvement 
of the circumferential resection margin (CRM) was seen on MRI in 101 (28%) patients. 
Neo-adjuvant therapy was given to 129 (35%) patients; the majority as long course 
chemoradiotherapy, with a good response (tumour regression grade (TRG) 1/2) in 67 
(52%) of the cases. 
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Table 1. Patient- and tumour characteristics 

Total cohort: N= 513 Cancer 
N= 364 (71%) 

Benign 
N=149 (29%) 

Patient characteristics 
Male sex 280 (76.9) 91 (61.1) 
Age in years, median [IQR] 67 [59-73] 45 [33-57] 
ASA ≥ 3 76 (20.9) 25 (16.8) 
BMI ≥ 30 96 (29.6) 17 (22.7) 
Comorbidities 

 Smoker
 DM 
 Ischaemic heart disease
 Active IBD
 Steroid use

37 (10.2) 
44 (12.1) 
54 (14.8) 
2 (0.5) 
0 (0.0) 

6 (4.0) 
9 (6.0) 
4 (2.7) 
78 (52.3) 
19 (12.8) 

Previous pelvic surgery 
 Hysterectomy
 Prostatectomy
 Previous pelvic radiotherapy

18 (4.9) 
14 (3.8) 
1 (0.3) 
9 (2.5) 

5 (3.4) 
2 (1.4) 
0 (0.0) 
2 (1.4) 

Tumour characteristics 
Height from ARJ on MRI in cm, median [IQR] 4.0 [2.0-5.0] - 
Predominant tumour location 

 Anterior
 Posterior
 Lateral

154 (45.6) 
140 (41.5) 
44 (13.0) 

- 

Circumferential extent ≥ 3 quadrants  109 (32.0) - 
cT-stage ≥ 3 241 (67.9) - 
cN-stage ≥ 1 164 (45.9) - 
CRM involvement on baseline MRI 101 (27.7) - 
Received neo-adjuvant therapy 

 Short course radiotherapy
 LCRT
 LCCRT
 CT 

129 (35.4) 
31 (24.0) 
7   (5.4) 
97 (75.2) 
26 (20.2) 

- 

TRG response  
 mTRG 1/2 (good response)
 mTRG 3 (intermediate response)
 mTRG 4/5 (poor response)

67 (51.9) 
38 (29.5) 
24 (18.6) 

- 

IQR: Interquartile range; ASA: American Society of Anaesthesiologists-Classification; BMI: Body Mass 
Index, IBD: Inflammatory Bowel Disease; MRI, Magnetic Resonance Imaging; ARJ, Anorectal junction 
junction; cT-stage: clinical tumour stage; cN-stage: clinical nodal stage; CRM: Circumferential resection 
margin, defined as involved if the distance of tumour or malignant lymph node to the mesorectal fascia 
was 1 mm or less; SCRT: Short course radiotherapy (including contact radiotherapy and short course 
radiotherapy with delayed surgery); LCRT: Long Course Radiotherapy; LCCRT: Long Course 
Chemoradiotherapy; CT: Chemotherapy; TRG: Tumour Regression Grade. 
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Operative details are summarised in Table 2. The most commonly performed 
procedure was an anterior resection (AR) in the cancer group (301 cases, 83%), and a 
proctectomy following the TME plane 47 (32%) in the benign group. Simultaneous 
two-team operating occurred in 150 (41%) cancer and 95 (64%) benign cases. Median 
operating time was 330 [IQR 262-390] and 255 [IQR 200-300] minutes in the cancer 
and benign group, respectively. A defunctioning stoma was created in 274 (95%) 
patients who underwent a restorative procedure in the cancer group. 
Abdominal conversion to an open procedure occurred in 22 (6.7%) in the cancer 
group and in 24 (23%) in the benign group. Perineal conversion was reported in 10 
(3.0%) in the cancer group and in 14 (11%) in the benign group. Reported technical 
problems included an unstable Pneumopelvis, poor smoke evacuation, poor platform 
seal. Intra-operative adverse events consisted of haemorrhage (n=20 (5.5%) in the 
cancer group and n=14 (9.4%) in the benign group), incorrect plane entering (n=28 
(7.7%) in the cancer group and n=17 (11%) in the benign group), urethral injury (n=3 
(1.0%) and n=1 (1.3%), respectively) and one case (0.3%) of CO2 embolism in the 
cancer group.   

Table 2. Operative details 

Total cohort: N= 513 Cancer 
N= 364 (71%) 

Benign 
N=149 (29%) 

Operative details 
Procedure 

 AR 
 APE
 Proctectomy (close rectal) + IPAA
 Proctectomy (TME plane) + IPAA
 Completion proctectomy
 Low Hartman’s
 Other*

301 (82.7) 
56 (15.4) 
- 
- 
- 
6 (1.6) 
1 (0.3) 

4 (2.7) 
46 (30.9) 
11 (7.4) 
47 (31.5) 
40 (26.8) 
- 
1 (0.7) 

Simultaneous procedure 150 (41.2) 95 (63.8) 
Operative time in minutes, median [IQR] 330 [262-390] 255 [200-300] 
Abdominal approach 

 Open
 Laparoscopic
 SILS
 Robotic

4 (1.1) 
348 (97.5) 
1 (0.3) 
4 (1.1) 

8 (6.3) 
59 (46.8) 
61 (48.4) 
0 (0.0) 

Mobilisation of splenic flexure 262 (72.0) 33 (22.1) 
Defunctioning ileostomy 274/289 (94.8) 52/62 (83.9) 
Perineal dissection 

 Mucosectomy
 Total intersphincteric
 Partial intersphincteric

24 (6.7) 
40 (11.2) 
16 (4.5) 

8 (5.5) 
57 (39.3) 
7 (4.8) 
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 Pursestring 265 (74.2) 72 (49.7) 
Gelpoint platform** 338 (93.6) 141 (97.2) 
Insufflator 

 Airseal 
 Standard insufflator
 Endoflator

263 (80.7) 
48 (14.7) 
8 (2.5) 

78 (59.1) 
49 (37.1) 
3 (2.3) 

Specimen extraction site 
 Pfannenstiel
 Umbilical
 Right or left iliac fossa
 Transanal 
 SILS port site
 Midline laparotomy

105 (28.8) 
72 (19.8) 
60 (16.5) 
109 (29.9) 
0 (0.0) 
14 (3.8) 

9 (6.9) 
3 (2.3) 
17 (13.0) 
55 (42.0) 
24 (18.3) 
13 (9.9) 

Per-operative complications 
Blood loss ≥ 500cc 16 (4.6) 3 (2.3) 
Abdominal conversion 22 (6.7) 31 (26.5) 
Perineal conversion 10 (3.0) 14 (11.1) 
Adverse events 

 Pneumopelvis
 Smoke
 Seal
 Haemorrhage
 Incorrect plane
 Urethral injury
 CO2 embolism

22 (6.0) 
22 (6.0) 
19 (5.2) 
20 (5.5) 
28 (7.7) 
3 (1.0) 
1 (0.3) 

6 (4.0) 
7 (4.7) 
8 (5.4) 
14 (9.4) 
17 (11.4) 
1 (1.3) 
0 (0.0) 

AR: Anterior resection; APE: Abdominoperineal excision; IPAA: Ileal pouch-anal anastomosis; SILS: Single 
incision laparoscopic surgery.  
* Other procedures: panproctocolectomy in Cancer group and pouch excision in Benign group 
** Other platforms used were: TEO, TEM and Glove port 

Table 3. Postoperative outcomes 

Total cohort: N= 513 Cancer 
N= 364 (71%) 

Benign 
N=149 (29%) 

Hospital stay in days, median [IQR] 7 [6-12] 8 [5-13] 
Morbidity < 30 days 130 (38.6) 48 (32.7) 
Clavien-Dindo ≥3  < 30 days 45 (13.4) 10 (6.8) 
Anastomotic failure 

 Anastomotic leak <30 days
 Anastomotic leak >30 days
 Pelvic abscess

40/289 (13.9) 
26 (9.0) 
10 (3.5) 
4 (1.4) 

12/62 (12.9) 
4 (6.5) 
1 (1.6) 
3 (4.8) 

Surgical re intervention <30 days 
Surgical re intervention >30 days 

28 (7.7) 
12 (3.6) 

5 (3.4) 
2 (1.3) 
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Readmission <30 days 
Readmission >30 days 

21 (5.8) 
32 (8.8) 

2 (1.3) 
5 (3.4) 

Table 4. Histopathological results 

Total cohort: N= 513 Cancer 
N= 364 (71%) 

(y)pT-stage 
 No residual tumour
 T1
 T2
 T3
 T4

32 (9.3) 
25 (7.2) 
6 (1.7) 
277 (80.3) 
5 (1.4) 

(y)pN1-2 stage 118 (34.2) 
TME specimen quality 

 Intact
 Minor defects
 Major defects

306 (90.3) 
25 (7.4) 
8 (2.4) 

R1 
 CRM+
 DRM+

13 (4.1) 
10 (3.3) 
4 (1.3) 

Rectal perforations 4 (1.2) 
Composite optimal pathology* 295 (92.8) 
Lymph nodes harvested, median [IQR] 17 (13-24) 

pT-stage: pathological tumour stage; pN-stage: pathological nodal stage; TME: Total mesorectal excision; 
R1: Tumour or malignant node 1mm or less from the resection margin; CRM: Circumferential resection 
margin; DRM: Distal resection margin. 
* Composite optimal pathology: CRM- and DRM- and complete or nearly complete TME specimen and no
perforations (all calculated excluding no residual tumour) 

Table 3 provides an overview of postoperative outcomes. Mean follow-up was 5 
months. Morbidity after surgery (<30 days) was classified as Clavien-Dindo ≥ 3 in 45 
(13%) patients and in 10 (6.8%) patients in the cancer and benign group, respectively. 
Two patients died  because of multi-organ failure within 30 days after surgery, one 
patients after an anastomotic leakage and one patient after a small bowel injury 
intra-operatively which was not seen during the procedure. Anastomotic failure was 
observed in 40 (14%) and in 12 (13%) in the cancer and benign group respectively. 
Median length of stay after index operation was 7 days (IQR 6-12) and 8 days [IQR 5-
13] in the cancer and benign groups, respectively. Surgical re-intervention at any time
during follow up was needed in 41 (11%) patients in the cancer group and in 7 (4.7%)
patients in the benign group.
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Yes; adopters

No; non-adopters

Histopathological outcomes of cancer procedures are presented in Table 4. In 32 
(9.3%) of the specimens, no viable tumour was seen (T0). Malignant lymphatic nodes 
(N1-2) were present in 118 (34%) of the cases. The TME specimen was graded as 
complete in 306 (90%) cases. A positive resection margin (R1) was present in 13 
(4.1%) cases, mostly due to an involved CRM, 10 (3.3%). The composite of optimal 
pathology was observed in 295 (93%).  

Results of Survey 

In total, 68/86 surgeons responded to the training survey (79%). Supplementary table 
1 shows a detailed overview of all the survey questions and corresponding answers. 
Figure 2a shows that TaTME training was variable, but most surgeons, 61 (90%), 
received cadaver training in the UK.  Of the surveyed surgeons, 76% adopted TaTME 
into their clinical practice (Adopters), whereas the remaining 24% have either 
abandoned the technique or still in the process of implementing it.  

Figure 2a-c. Type of TaTME training (left) and adopting TaTME technique (right) 
and factors limiting TaTME implementation for non-adopters (below) 
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Adopters 
Fifty-one of 67 (76%) of the surgeons stated they had adopted TaTME as a new 
technique in their department (Figure 2b). Twenty-six of 43 responders (61%) stated 
that all cases had been recorded on the registry. Reasons for not recording cases on 
the registry were mostly because of time constraints. All surgeons reported 
encountering difficulties during a procedure.  
 Eleven of 43 responders (26%) stated that hypothetically, in hindsight, they would 
perform their first case without proctoring, 8 of them were non-proctored surgeons. 
Twenty-seven of 43 surgeons (63%) stated that TaTME had been endorsed by the 
whole department, promoting referral of suitable cases to ensure adequate caseload 
to overcome their learning curve. 

Non-adopters 
Sixteen surgeons did not implement TaTME in their unit. Four of these surgeons 
stated they did not have any plans to start TaTME at present, 4 recently started the 
business plan for TaTME, 5 were planning to start performing TaTME within the next 
6 months and 3 within the next 3 months.  
Difficulties and barriers in setting up TaTME were mostly a prolonged time interval 
between training and implementation, and funding issues (Figure 2c). Fourteen of 16 
responders (88%) thought extra proctoring would be beneficial before starting with 
TaTME.  

Discussion 

This study describes the initial experience with the implementation of TaTME in the 
UK. Short-term results were extracted from the international TaTME registry and the 
experience of surgeons with the adoption and implementation of TaTME in their unit 
was explored in a survey. The present study shows acceptable short term clinical and 
oncological outcomes of a recently introduced technique that is still going through an 
early learning curve phase for most surgeons. 
TaTME was developed in order to increase the quality of the resection in rectal cancer 
surgery, thereby aiming to improve oncological outcome. The composite endpoint of 
optimal pathology of 93% found in this study, is in accordance with the 91% found in 
the most recent publication of the International TaTME Registry12, and can be seen as 
on oncological safe result. In contrast, the percentages for optimal pathology found 
in the laparoscopic TME (lapTME) arms of the two most recent trials comparing open 
and lapTME, were both 82%.13, 14 It must be taken into account that the international 
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TaTME registry is voluntary, and validation is required to ensure all consecutive cases 
are recorded and not only those with good results.  Nevertheless, randomised 
controlled trials with strict exclusion criteria may also result in better results, for 
example in ALaCaRT13, were CRM involvement on preoperative MRI and clinical T4 
tumours were exclusion criteria. 
The abdominal conversion rate of 11% in the total cohort might seem relatively high 
when compared to the two studies of Penna et al3, 12, reporting on a 6% and 4% 
incidence. In addition, the conversion rate during the perineal phase of the procedure 
was also higher in the present study (5.4% compared to 2.8 and 1.3% in the two 
studies by Penna et al). This might be due to the fact that the amount of benign 
procedures in this cohort was relatively high and we found that a large proportion of 
the conversions occurred in the benign procedures, probably because of a more 
extensive history of abdominal surgery in this patient group. Still, the abdominal 
conversion rate in this study of 6.7% in cancer procedures, is higher than the 
described 3% rate in the systematic review by Deijen et al.5 However, the conversion 
rate is more than acceptable when compared to conversion rates in laparoscopic 
surgery for rectal cancer, reporting on a conversion rate of approximately 10% in the 
two most recent RCT’s to up to 16% in the COLOR II trial.13-15 This adds more 
evidence to the thought that TaTME decreases conversion rate. As conversion is 
associated with higher morbidity and poor oncological outcomes4, 16, TaTME 
potentially has the ability to further reduce these negative outcomes. 
Another potential advantage of TaTME is reducing the rate of anastomotic leaks 
(AL). In conventional lapTME, cross-stapling of the rectum often requires multiple 
stapling firings, due to limited view and angulation of the instruments, thereby 
possibly increasing the risk of anastomotic leakage.17 TaTME offers improved 
visualization and the formation of a single stapled anastomosis. However, the recent 
meta-analysis by Xu et al4 failed to show a significant difference in AL rate when 
comparing TaTME with lapTME. In this study, the anastomotic failure rate (14% in 
the cancer group and 13% in the benign group), including early and late leakages, and 
pelvic abscesses in patients in whom an anastomosis was created, was comparable to 
the rate found in the latest registry paper (15.7%), exploring the incidence and risk 
factors for anastomotic failure.12  Although long-term anastomotic failure (chronic 
sinuses and anastomotic strictures and fistulas) was not included in this cohort, due 
to incomplete long-term follow-up. The AL rate in a recent large Dutch cross-
sectional study following low anterior resection was 13.4% within 30 days, but 
increased to 20% beyond 30 days.18 These percentages might seem high, but the AL 
rates reported in literature vary widely, depending strongly on definition and length 
of follow-up. The findings in this study suggest AL rates in TaTME are comparable to 
lapTME. Other factors, such as patient- and tumour factors, probably influence the 
risk of leakage rather than operative approach.  
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A successful implementation of TaTME depends on the level of experience of the 
surgeon and the case volume in a unit to overcome the learning curve. TaTME, as all 
new minimally invasive techniques, requires enhanced surgical skills. A study by one 
of the pioneers of TaTME has shown that only attending a cadaver workshop as 
TaTME training, is not sufficient to prevent adverse outcomes.19 In this cohort, four 
urethral injuries were reported. A structured training program may help to prevent 
major complications like this. During the early phase of the surgeon’s learning curve, 
a proctor will identify errors early and guide the surgeon, preventing that the errors 
lead to adverse events. The first pilot structured training program for TaTME started 
in the UK in September 2017, aiming for surgeons to be well trained and competent in 
the procedure, and subsequently optimizing patient outcomes. The structured 
program also permits a learning and ‘practice’ in a more controlled and monitored 
manner, thus safeguarding patients.  This first pilot training program has recently 
finished and the results are eagerly awaited. 
 In this study, only three of the 42 centres performed more than 30 cases during the 
study period and the majority of the cases included were performed before the start 
of this structured training program. When interpreting our results, it must be taken 
into account that most surgeons were still in their learning curve for this new 
procedure. This might suggest that once TaTME is properly implemented, the 
benefits of this new technique will be even more noticeable. 
The questionnaire on the implementation of TaTME was sent to all surgeons in the 
UK who received some sort of TaTME training. Type of received training varied 
widely (Figure 2a). The majority of the surgeons adopted TaTME as a new technique 
in their unit, however, as seen in Figure 1, the vast majority did not perform over 10 
cases per unit. From the questionnaire, we can conclude that all adopters 
encountered difficulties intra-operatively. The surgeons who stated that in hindsight, 
they would perform their first case without proctoring, were almost all non-
proctored, suggesting that proctored surgeons appreciate the value of proctoring 
more.  A prolonged time interval between TaTME training and implementation was 
the most frequently given reason for not implementing the technique yet. The 
training currently available is quite heterogeneous and unmonitored, which is not 
ideal for any technique, especially one that requires advanced skills and has the 
potential for severe complications in unexperienced hands. This highlights the need 
for a structured training program, in which the focus should not only be on learning 
the steps of the technique, but also on providing strategies and assisting in 
implementing this technique in a unit as soon as possible after attending a course. 
We acknowledge that this study has some limitations. First, when using registry data, 
the potential for selection bias is relevant as well as the accuracy and completeness of 
the recorded data, since recording on the registry is voluntary and can be time 
consuming. Besides the fact that some bad cases may not have been recorded on the 
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registry, also not all practicing TaTME surgeons contribute cases to the registry. 
However, in the UK the NICE guidelines20 do recommend adding cases to the registry 
which hopefully encourages more surgeons to do so. Currently there is no option on 
the National Bowel Cancer Audit in the UK to record that the case was done by 
TaTME. If this becomes possible then validation of the registry can also be carried 
out. Randomised controlled trials are needed, but while the COLOR III trial21 is 
underway, the registry is the largest source of TaTME data available, assessing the 
results of this new technique with surgeons at different stages in their learning curve, 
representing what is happening in current daily practice. Lastly, the survey included 
in this manuscript, provides qualitative rather than quantitative data. Bias in 
responding surgeons must be taken into account, although response rate was quite 
high with 79%. 
In conclusion, this study reports acceptable nationwide short-term outcomes of 
TaTME, making this technique a good alternative to conventional TME for low rectal 
cancer. However, adoption occurred in a rapid and uncontrolled manner with 
surgeons facing numerous difficulties with implementing the technique in their units 
and uncertainty at the start of their learning curve.  A structured TaTME training 
program is therefore recommended.   
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Supplementary table 1. Survey answers 

Question 
answer options 

Responders to 
question N (%) 

What type of training on TaTME surgery have you received? 
 Online educational resources
 Review of literature 
 Cadaver/dry lab UK 
 Cadaver/dry lab abroad 
 Clinical observership of a live case UK 
 Clinical observership of a live case abroad 
 No TaTME training 
 Other 

68 
31 (45.6) 
32 (47.1) 
61 (89.7) 
10 (14.7) 
30 (44.1) 
16 (23.5) 
2   (2.9) 
11 (16.2) 

If applicable, what was the date of the cadaver/dry lab training / clinical 
observership? 

Open question 

Has your department adopted the TaTME approach? 
 Yes 
 No 

67 
51 (76.1) 
16 (23.9) 

Adopters (51) 
What was the date of your first life case? Open question 
How many TaTME cases has your team performed so far? 
How many TaTME cases have you performed in the last 3 months? 

Open question 

Have all cases been recorded on the registry? 
 Yes 
 No 

43 responders 
26  (60.5) 
17 (39.5) 

How often do you encounter intraoperative difficulties with the transanal part of 
the procedure? 

 Never 
 Fairly infrequently 
 Sometimes (~50% of times) 
 Fairly frequently 
 Every case 

43 responders 

0 (0.0) 
20 (46.5) 
19 (44.2) 
4 (9.3) 
0 (0.0) 

Have you received proctoring? 
 Yes 
 No 

43 responders 
28 (65.1) 
15 (34.9) 

In hindsight, would you still perform your first case without proctoring? 
 Yes 
 No 

43 responders 
11 (25.6) 
21 (48.8) 

How many surgeons in your unit have been trained to perform TaTME? 
 1 
 2 
 3 
 4 

43 responders 
8 (18.6)  
24 (55.8) 
7 (16.3) 
4 (9.3) 

If operating with another consultant on a TaTME case, do you operate with your 
course partner? 

 Yes, always 
 Yes, sometimes 
 No 

43 responders 

18 (41.9) 
13 (30.2) 
12 (27.9) 

Has TaTME been endorsed by the whole department, promoting referral of suitable 
cases to ensure adequate caseload and overcome learning curve? 

 Yes 
 Partially 
 No 

43 responders 

27 (62.8) 
9 (20.9) 
11 (25.6) 

Has the introduction of TaTME influenced your management of rectal cancer? 
 Yes 
 No 

43 responders 
28 (65.1) 
15 (34.9) 
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Non-adopters (16) 
How close are you to performing TaTME in your department? 

 Within the next 3 months 
 Within the next 6 months 
 Within the next 12 months 
 Just started the business plan for TaTME
 No plan to start TaTME at present 

16 responders 
3(18.8) 
5(31.3) 
0 (0.0) 
4(25%) 
4 (25%) 

What barriers or difficulties, if any, have you encountered whilst setting up TaTME 
in your hospital? 

 No barriers or difficulties encountered
 Difficulty in securing funding 
 Lack of support from other consultants 
 Lack of support from theatre staff 
 Lack of support and approval from surgical managers 
 Limited access to specialised TaTME equipment 
 Lack of robust clinical evidence 
 Lack of support from New Technologies Groups or similar groups 
 Prolonged time interval between TaTME course and implementing

technique 
 Not applicable 

3(18.8) 
7(43.8) 
3(18.8) 
0 (0.0) 
3(18.8) 
5(31.3) 
5(31.3) 
0 (0.0) 
10 (62.5) 
1 (6.3) 

Do you feel that you need additional training in TaTME? 
 Yes 
 No 

16 
9 (56.3) 
7 (43.8) 

Are there any specific components of the procedure you would like further training 
on? 

 Yes 
 No 

16 

6 (37.5) 
10 (62.5) 

Do you think that proctoring would be beneficial? 
 Yes 
 No 

16 
14 (87.5) 
2 (12.5) 

Hypothetically, would you perform your first TaTME case without proctoring? 
 Yes 
 No 

14 
3(21.4) 
11 (78.6) 

Adopters & Non-adopters 
Based on your current position with regards to TaTME adoption, are there any 
aspects of training or implementation that you would have approached/considered 
differently? 

 Attend > 1 course
 Shorter time interval between attending a TaTME course and

performing first TaTME procedure 
 Start with a proctored case 
 More proctored cases
 Visit centres for case observation 
 Delay implementation until more robust data available from large 

trials 
 Delay implementation until a modular training system is available 
 Other 

59 

6(10.2) 
24 (40.7) 

19 (32.2) 
22 (37.3) 
18 (30.5) 
(6.8) 

1(1.7) 
17 (28.8) 
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Abstract 

Objective: 
The aim of this study was to determine the incidence of, and preoperative risk factors 
for, positive circumferential resection margins (CRM) after transanal total mesorectal 
excision (TaTME). 

Background:  
TaTME has the potential to further reduce the rate of positive CRM for patients with 
low rectal cancer, thereby improving oncological outcome. 

Methods: 
A prospective registry-based study including all cases recorded on the international 
TaTME registry between July 2014 and January 2018 was performed. Endpoints were 
the incidence of, and predictive factors for, positive CRM. Univariate and multivariate 
logistic regression were performed, and factors for positive CRM were then assessed 
by formulating a predictive model. 

Results: 
In total, 2653 patients undergoing TaTME for rectal cancer were included. The 
incidence of positive CRM was 107 (4.0%). In multivariate logistic regression analysis, 
a positive CRM after TaTME was significantly associated with tumours located up to 1 
cm from the anorectal junction (ARJ), anterior tumours, cT4 tumours, extra-mural 
venous invasion (EMVI), and threatened or involved CRM on baseline MRI (OR’s 2.1, 
1.7, 1.9, 1.9 and 1.7, respectively). The predictive model showed adequate 
discrimination (area under the receiver operating characteristic curve >0.7), and 
predicted a 28% risk of positive CRM if all risk factors were present. 

Conclusion: 
Five pre-operative tumour related characteristics had an adverse effect on CRM 
involvement after TaTME. The predicted risk of positive CRM after TaTME for a 
specific patient can be calculated pre-operatively with the proposed model and may 
help guide patient selection for optimal treatment and enhance a tailored treatment 
approach to further optimise oncological outcomes. 
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Introduction 

Total mesorectal excision (TME), as first described by Heald in 1982, established what 
is now considered optimal  surgical treatment  for patients with resectable rectal 
cancer.1 Subsequently  the treatment of rectal cancer has changed, with use of 
neoadjuvant therapy (NAT) in patients with advanced cancers, and a move towards  
minimal access techniques in selected cases.2 More recently, transanal total 
mesorectal excision (TaTME) has been developed aiming to increase the quality of 
surgical resection and improve oncological outcomes, particularly in patients with low 
rectal cancers.  
One of the fundamental principles of TME, and indeed all rectal cancer surgery, is to 
remove the tumour with  a clear circumferential resection margin (CRM). Quirke and 
others have repeatedly shown that  a positive CRM  is  associated with a significant 
increase in both local and systemic recurrence.3-4 Despite some reported benefits 
from laparoscopic rectal resection, CRM positivity rates have not diminished over 
time.5-8 Several tumour-related factors, such as anterior location, cT4 status, and 
patient-related factors, such as male gender and obesity are known to increase the 
technical difficulty in conventional laparoscopic TME9-13, and therefore associated 
with a positive CRM.14-17 However, there is little information on predictive factors for 
positive CRM after TaTME. Predictive factors might differ from the well-known risk 
factors after conventional laparoscopic resection, considering the different approach 
from below.  
The current study aimed to determine the incidence of positive CRM after TaTME 
surgery for rectal cancer, for patients recorded on an international TaTME registry. 
Moreover, formulating a predictive model, pre-operative predictive factors for 
positive CRM will be studied.  

Methods 

Patient selection 
This was an analysis of prospective registry-based data. The study population 
comprised patients recorded on the international TaTME registry between July 2014 
and January 2018.18 Exclusion criteria were benign indications for TaTME, previous 
local excision and cases in which CRM status was not known. The registry is a secure 
online voluntary database where surgeons worldwide are invited to record their 
TaTME cases, with an extensive collaboration amongst 172 centres worldwide.19 
Ethical approval for the registry was granted by the UK Health Research Authority 
(REC reference 15/LO/0499, IRAS project ID 156930). Before data analysis, registered surgeons 
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were invited via email to update their patients’ records, with multiple reminders to 
minimise missing data. Surgeons were individually contacted to clarify unexpected or 
possibly erroneously entered results.  

Data extraction and outcome parameters 
The registry is designed to prospectively collect data on patient demographics, 
tumour staging and NAT, operative details, postoperative clinical and histological 
outcomes, readmission details, late morbidity, and long-term oncologic follow-up. 
The main endpoints of this study were the incidence of, and predictive factors for 
positive CRM, defined as the presence of tumour or a malignant lymph node 1 mm, or 
less, from the CRM. The TME specimen quality was categorised using the principles 
described by Nagtegaal, Quirke and colleagues [20]. The MRI response to NAT was 
scored by the tumour regression grade (TRG) classification, which was sub grouped 
into “good response” (mrTRG 1 and 2) and “bad response” (mrTRG 3, 4 and 5)  as 
defined in the TRIGGER trial.21 Patients treated with short-course radiotherapy and 
immediate surgery were included in the “no-neoadjuvant group” for the analysis of 
mrTRG, as this is not associated with significant tumour downstaging.  

Statistical analysis 
Statistical analyses were performed in the Statistical Package for Social Sciences 
(SPSS) of IBM Statistics, version 24. Missing data for variables included in the model, 
were imputed using single imputation with predictive mean. For the other variables 
presented that were not included in the predictive model, missing data did not 
exceed 15%. Percentages shown represent actual data available, excluding missing 
values.  
Categorical variables were defined as absolute numbers of cases and percentages. 
Continuous data were reported as mean with standard deviation (SD). Continuous 
variables such as BMI and tumour height from anorectal junction (ARJ) were 
categorised into clinically relevant subgroups. For intergroup variation, the chi-square 
test was used, while the Mann-Whitney U test was used for continuous variables. 
Variables to be included in the multivariate analysis were chosen based on a priori 
known risk factors for positive CRM from literature. Variables reaching a P-value 
<0.05 using backward step selection in the multivariate regression analysis, were 
deemed significant and included as a predictive factor for positive CRM in the 
predictive model. The coefficients derived from the multivariate analysis were 
multiplied by 10 and used as weights in the nomogram for predicting the risk of 
positive CRM after TaTME for rectal cancer.  
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Model validation 
An interval validation was performed by drawing a random sample of 150 patients 
from the original study population. The so-called ‘’bootstrap’’ technique is thought to 
be the optimum technique of internal validation.22 Calibration, or goodness-of-fit, 
refers to the ability of the model to assign the correct probabilities of outcome to 
individual patients. This was checked by plotting the observed number of positive 
CRM to the expected number of positive CRM. Discrimination refers to the ability of 
the model to assign higher probabilities of positive CRM to patients who actually 
have a positive CRM compared to patients who do not. This was tested using the area 
under the receiver operator characteristic (ROC) curve with 95% confidence intervals.  
The performance of the prediction model was analysed using RStudio (version 
1.1.453).  

Results 

Patient characteristics and pathologic outcomes 
All cases recorded on the international TaTME registry between July 2014 and 
January 2018 were reviewed (n=3240). A total of 2653 TaTME cases met the eligibility 
criteria and were included in this analysis. 
Table 1 presents patient- and tumour characteristics and pathological outcome. Of 
the included patients, 1827 (69%) were male and 507 (19%) had a BMI >30 kg/m2. 
Tumour height was within 1 cm from the ARJ in 523 (20%) and anteriorly located in 
1181 (45%). Preoperative staging was reported as cT1 in 78 (3.3%), cT2 in 615 (26%), 
cT3 in 1534 (64%), and cT4 in 157 (6.5%). Overall, extra-mural venous invasion on mRI 
(mrEMVI) was reported in 895 (34%) of the cases. Threatened CRM on baseline MRI 
was reported in 674 (25%). NAT was given in 1569 (59%). Patients receiving NAT to 
induce tumour downsizing (this excludes short-course radiotherapy with immediate 
surgery) obtained a “good response” (mrTRG 1 or2) in 612 (43%) and a ‘’bad 
response’’ (mrTRG 3, 4 and 5) in 810 (57%).  
Pathological complete tumour response ((y)pT0) was found in 293 (11%). 
Pathological T-stage was ≥T3 in 1192 (45%). Positive lymph nodes were detected (pN 
≥1) in 788 (30%). In total, the CRM was positive in 107 (4.0%). TME specimen quality 
was defined as complete or near-complete in 2419 (91%). The composite rate for 
poor pathological outcome (positive resection margin, either CRM or distal resection 
margin (DRM), incomplete TME specimen or rectal perforation) was 224 (8.4%). 
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Table 1a. Patient-, and tumour characteristics and pathological outcome 

Factor Total N= 2653 (%) 

Patient characteristics 
Mean age, years (SD) 64.4 (11.7) 
Male sex 1827 (68.9%) 
Mean BMI, kg/m2 (SD) 

 BMI > 30 kg/m2
26.3 (4.5) 
507 (19.1%) 

ASA ≥ 3 569 (21.4) 
Previous pelvic therapies 

 Hysterectomy
 Prostatectomy
 Radiotherapy

72 (2.7%) 
66 (2.5%) 
33 (1.2%) 

Tumour characteristics 
Mean distance from ARJ, cm (SD)    

 Within 1 cm
3.8 (2.6) 
523 (19.7%) 

Anterior tumour 1181 (44.5%) 
Clinical T-stage 

 cT0
 cT1
 cT2
 cT3
 cT4

16 (0.7%) 
78 (3.3%) 
615 (25.6%) 
1534 (63.9%) 
157 (6.5%) 

Clinical N-stage 
 cN0
 cN1
 cN2

1187 (44.7%) 
1015 (38.3%) 
451 (17.0%) 

EMVI positive on baseline MRI 895 (33.7%) 
Pre-treatment threatened/involved CRM 674 (25.4%) 
Neoadjuvant therapy 

 SCRT - immediate surgery
 LCRT - delayed surgery
 LCCRT
 CT alone
 Contact RT
 Unknown/other

1569 (59.1%) 
150/1569 (9.6%) 
175/1569  (11.2%) 
1027/1569  (65.5%) 
180/1569  (11.5%) 
2/1569  (0.1%) 
35/1569  (2.2%) 

TRG response post downsizing therapy*  
 “good response”
 “bad response”

612/1419 (43%) 
810/1419 (57%) 

Sphincter saving surgery 2442 (92.0%) 
Pathological outcome 
T-stage

 pT0 293 (11.0%) 
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 pT1
 pT2
 pT3
 pT4

298 (11.2%) 
834 (31.4%) 
1126 (42.4%) 
66 (2.5%) 

N-stage
 pN0
 pN1
 pN2

1865 (70.3%) 
532 (20.1%) 
256 (9.6%) 

Mean lymph nodes harvested (SD) 17.7 (10.3) 
CRM involvement 107 (4.0%) 
DRM involvement 26 (1.0%) 
TME specimen grade 

 Complete
 Near-complete
 Incomplete

2145 (80.9%) 
274 (10.3%) 
89 (3.4%) 

Rectal perforation 47 (1.8%) 
Composite poor pathological outcome 224 (8.4%) 

IQR: Interquartile range; ASA: American Society of Anaesthesiologists-Classification; BMI: Body Mass 
Index, MRI, Magnetic Resonance Imaging; ARJ, Anorectal junction junction; cT-stage: clinical tumour 
stage; cN-stage: clinical nodal stage; CRM: Circumferential resection margin, defined as involved if the 
distance of tumour or malignant lymph node to the mesorectal fascia was 1 mm or less; SCRT: Short 
course radiotherapy (including contact radiotherapy and short course radiotherapy with delayed surgery); 
LCRT: Long Course Radiotherapy; LCCRT: Long Course Chemoradiotherapy; CT: Chemotherapy; TRG, 
tumour regression grading on MRI; good response, mrTRG 1 and 2; bad response, mrTRG 3, 4 and 5; pT-
stage: pathological tumour stage; pN-stage: pathological nodal stage; TME: Total mesorectal excision; R1: 
Tumour or malignant node 1mm or less from the resection margin; CRM: Circumferential resection margin; 
DRM: Distal resection margin. Composite poor pathology: CRM+ and/or DRM+ and/or incomplete TME 
specimen and/or perforations 

*Downsizing therapy was considered as all neo-adjuvant treatment, with exclusion of patients receiving
short course radiotherapy and immediate surgery (1569-150=1419). 

Development of the predictive risk model 
Table 2 shows the multivariable analysis of risk factors for positive CRM. A positive 
CRM after TaTME was independently associated with low tumours located within 1 
cm from the anorectal junction, anterior tumours, cT4 tumours, EMVI on MRI and 
involved or threatened CRM on baseline MRI (odds ratios (OR’s) 2.1, 1.7, 1.9, 1.9 and 
1.7, respectively). Resecting the sphincter by abdomino-perineal excision was just not 
significantly associated with CRM involvement, (P=0.051). No patient-related factors, 
such as male gender, obesity (BMI>30 kg/m2) or previous prostatectomy, were 
associated with a positive CRM. (Supplemental table 1) 
The weights of the individual risk factors represent the log of the odds ratios, and are 
shown in Table 3. The weights for the five risk factors were 1.5 for tumours within 1 
cm from the ARJ, 1 for anterior tumours, 1.4 for cT4 tumours, 1.2 for mrEMVI positive 
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and 1.1 for involved or threatened CRM on baseline MRI. The nomogram, resulting 
from the cumulative weights, is displayed in Figure 1.  When no risk factors are 
present (cumulative score of 0), the predicted risk of positive CRM is 1.5%. A 
cumulative score of 1, 2, 3, 4, 5, 6, or the maximum score of 6.2 points is correlated 
with a predicted positive CRM risk of 2.5%, 2.9%, 5%, 8.9%, 15.5%, 18.5% or 27.9%, 
respectively. 
The ROC curve was 0.715 (CI: 0.669-0.703), after correcting for optimism, the c-
statistic was 0.703. The curves are shown in Supplemental Figure 1.  
The model-predicted risk of a positive CRM compared with the actually observed risk 
of positive CRM in this cohort is displayed in Figure 2. Table 4 shows the predicted risk 
(and cumulative score) for pCRM involvement according to the five independent risk 
factors. 

Table 2. Multivariable analysis of pre-operative risk factors for CRM positivity in all 
patients (n = 2653) 

Factor Event rate (%) Multivariate Analysis 
OR CI P 

Up to 1 cm from ARJ 
Yes 
No 

38 / 523 (7.3%) 
69 / 2130 (3.2%) 

2.09 
Ref 

1.368 – 3.194 0.001 

Anterior tumour 
Yes 
No 

62 / 1181 (5.2%) 
45 / 1472 (3.1%) 

1.66 
Ref 

1.118 – 2.485 0.012 

cT4 tumour 
Yes 
No 

19 / 157 (12.1%) 
88 / 2496 (3.5%) 

1.93 
Ref 

1.074 – 3.479 0.028 

EMVI on MRI 
Yes 
No 

56 / 895 (6.3%) 
51 / 1758 (2.9%) 

1.94 
Ref 

1.297 – 2.930 0.001 

Threatened CRM on 
baseline MRI 
Yes 
No 

49 / 674 (7.3%) 
58 / 1979 (2.9%) 

1.72 
Ref 

1.116 – 2.679 0.014 

Sphincter-saving surgery 
Yes 
No 

90 / 2442 (3.7%) 
17 / 211 (8.1%) 

Ref 
1.75 0.998 – 3.009 0.051 

ARJ: anorectal junction; EMVI: extramural venous invasion; MRI: magnetic resonance imaging; CRM: 
circumferential resection margin 
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Figure 1. Nomogram for predicting positive CRM rate after TaTME 

Note: Instructions for use: Sum the points achieved for each pre-operative predictor and locate this sum on the ‘cumulative points axis’. Draw a line straight down to find the 
patient’s probability of attaining a positive CRM. 

95



Part 1 │ Chapter 5 

Table 4. The predicted risk (and cumulative score) for pCRM involvement according to the five independent risk factors 

Legends: 
Green  = Low (<5%) predicted risk of pCRM positivity  
Amber  = Intermediate (5-15%) predicted risk of pCRM positivity 
Red  = High (>15%) predicted risk of pCRM positivity  

Predicted risk % of pCRM incolvement (cumulative score) 

cT1-3-stage cT4-stage 

EMVI 
on MRI 

CRM 
on MRI 

Tumour height >1cm 
ARJ 

Tumour height ≤1cm 
ARJ 

Tumour height >1cm 
ARJ 

Tumour height ≤1cm 
ARJ 

- - 2% (0.0) 3% (1.0) 3.% (1.5) 5% (2.5) 3% (1.4) 5% (2.4) 6% (2.9) 10% (3.9) 

- + 3% (1.1) 4% (2.1) 6% (2.6) 9% (3.6) 5% (2.5) 9% (3.5) 11% (4.0) 17% (4.1) 

+ - 3% (1.2) 5% (2.2) 6% (2.7) 10% (3.7) 6% (2.6) 9% (3.6) 12% (4.1) 18% (5.1) 

+ + 5% (2.3) 8% (3.3) 10% (3.8) 16% (4.8) 9% (3.7) 15% (4.7) 19% (5.2) 28% (6.2) 

not 
Anterior 

Anterior not 
Anterior 

Anterior not 
Anterior 

Anterior not 
Anterior 

Anterior 
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Table 3. Pre-operative risk scoring for a positive CRM based on prediction model 

Note: The coefficients derived from the multivariate analysis were  
multiplied by 10 and used as weights in the nomogram for predicting  
the risk of positive CRM after TaTME for rectal cancer. 

Discussion 

Involvement of the CRM is considered as one of the most important causes of 
preventable locoregional recurrence in patients undergoing surgery for rectal cancer.4 
The consequences of a locoregional relapse are significant, with a direct impact on 
morbidity, mortality, quality of life and treatment costs. Therefore, given the increase 
in popularity and prevalence of the transanal approach in rectal cancer surgery, it was 
important to investigate the incidence of positive CRM and preoperative risk factors 
for a positive CRM after TaTME surgery. In the present study, the positive CRM rate in 
a large number of patients treated by TaTME was 4%, which can be considered as an 
indirect marker of good surgical oncological performance. In this study we analysed 
the predictive factors for CRM involvement and noted that these were solely tumour 
characteristics, specifically tumours up to 1 cm from the ARJ, anterior position, cT4, 
and baseline MRI findings of mrEMVI positive and threatened CRM. Patient-related 
factors, such as male gender and BMI, which are known to pose greater technical 
difficulty in a conventional approach from the abdomen, did not influence CRM 
outcome after TaTME.  
The transanal approach has been reported to enhance access to, and better 
visualization of the distal part of the rectum. Thus, allowing for a more accurate 
oncologic dissection and increase the quality of the TME. In a randomised trial, 
Denost et al. reported that the perineal dissection was associated with a decreased 
risk of CRM involvement, compared to a purely abdominal TME (18% vs. 4%; p= 
0.025).23 The oncological superiority of the transanal approach, and more specifically 
TaTME, was reinforced by a recent meta-analysis that showed a higher rate of 
complete mesorectal resection (OR 1.8; 95% CI, 1.0 to 3.0; P=0.04), together with a 

Pre-operative Risk Scoring 
Risk factor Weight 

Tumour height from AJR 0-1 cm 1.5 
Anterior tumour location 1 
cT4 tumour 1.4 
EMVI on baseline MRI 1.2 
CRM+ on baseline MRI 1.1 
Cumulative points: 6.2 
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lower rate of positive CRM (OR 0.4; 95% CI, 0.2 to 0.9; P=0.02).24 In the conventional 
laparoscopic TME, working in the low pelvis with straight instruments may be 
extremely challenging, even for experienced colorectal surgeons, especially in 
patients with challenging anatomy. Moreover, parameters such as male gender and 
obesity have been associated with rates of positive CRM up to 18-21%.16  
In the first report from the international TaTME registry, Penna et al. reported that 
low tumours, positive CRM on staging MRI and extensive abdominal dissection were 
independent risk factors for a poor pathological specimen.19 The results of the 
present study concur with those findings, reinforcing the authors’ suggestion that 
adverse patient characteristics, traditionally increasing the difficulty of rectal 
resection, are less problematic in TaTME. The MERCURY II study also reported on the 
predicted risk of pathological positive CRM, based on MRI findings25, and found the 
same risk factors as this study, with exclusion of cT4 tumours. These high-risk tumour 
features are difficult to modify, and more evidence is needed to guide the surgeon in 
deciding the optimal technique for each case in this high-risk group. However, TaTME 
appears to mitigate the effect of adverse patient-related factors, potentially 
improving oncological outcomes in a high-risk group.  
In Table 4, the predicted risk of pCRM involvement for individual patients with 
different combinations of risk factors can be seen. This model provides a framework 
for surgeons to identify the high risk patients (>15%) and decide pre-operatively on 
the best surgical technique for each patient. In those cases, non-restorative 
procedures or beyond TME approaches should always be considered, of course in 
discussion with the patient.     
In this study, the strongest predictor for CRM positivity was a tumour less than 1 cm 
from the ARJ. The ARJ  in adults is located approximately 2 cm from the anal verge.26 
In the Mercury II study, similar analyses among patients with low rectal cancer (≤6 
cm from the anal verge) identified tumour height less than 4 cm from the anal verge 
as one of the main risk factors for pathological CRM involvement (OR 3.4; 95% CI, 1.3 
to 8.8; P=0.012).25 The association between low tumours and a higher risk of 
circumferential margin involvement can be explained by the tapering of the 
mesorectum towards the anus, thereby reducing the range for obtaining clear 
margins.   
EMVI was also found as a prognostic factor for obtaining a positive CRM in this risk 
model. A systematic review by Chand and colleagues27 found that the presence of 
EMVI clearly leads to worse survival outcomes, however, there has been huge 
variation in the prevalence of EMVI through inconsistent reporting. They propose 
that as detection rates become more consistent, by standardizing histopathological 
definitions and the increased use of MRI, EMVI may be considered as part of risk-
stratification in rectal cancer.  
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Although a good correlation between mrTRG status and the final histopathology has 
been shown28, we did not find mrTRG response to be significant associated with  CRM 
status in multivariate regression analysis.15 MRI is increasingly playing an important 
role in restaging rectal cancer patients after neoadjuvant treatment. However, it can 
be challenging to differentiate between residual tumour and fibrosis, leading to a 
moderate degree of heterogeneity among radiologists, which may have influenced 
the findings in the current  study.29  
Statistical predictive risk models and nomograms can be used to forecast oncological 
patient outcomes.30 In the current study, a dataset of 2653 rectal cancer patients 
treated with TaTME was used to develop a model that pre-operatively identifies 
patients at high-risk of a positive circumferential margin resection. This high-risk 
group may benefit from different treatment modalities, such as prolonged NAT, 
additional boost doses of radiotherapy, or even extended surgical resection. This 
predictive model may improve outcomes of TaTME, by guiding professionals in 
identifying high-risk patients and selecting the optimal treatment plan, reducing the 
chance of non-curative surgery. 
This study has some limitations. Firstly, the results are based on registry information, 
introducing the potential for selection bias, as well as relying on accurate recording of 
data. Recording cases on the registry is not obligatory, and can be very time 
consuming, which is why not all practicing surgeons contribute cases to the registry 
and it might be that some ‘’bad’’ cases were not recorded on the registry. Second, 
with this novel approach, a learning curve is present and complete expertise is not 
achieved until several cases are performed, leading to better outcomes in surgeons 
with increased experience. In this article, the experience of the surgeon, learning 
curve, and case volume of the centre, were not taken into account, though they 
definitely influence results. This important issue will be further assessed in a future 
registry project, specifically focusing on learning curve for TaTME. Also, due to the 
design of the registry, pathological assessment was not standardised and the 
specimens were assessed by local pathologists. Although many pathological 
definitions, as TNM-staging and TME specimen quality, are standardised, this may 
have led to inconsistencies. Lastly, in this study, we could only perform an internal 
validation of the predictive model. Future studies should asses the external validity of 
the formulated predictive model, before definite conclusions can be drawn.  
In summary, this study reports a 4% rate of positive CRM in a large cohort of patients 
and suggests that key predictive factors for positive CRM after TaTME were restricted 
to five tumour characteristics. CRM involvement is a strong predictor of recurrence 
and survival, and awareness of high risks may facilitate prevention of non-curative 
surgery in selected patients. Knowledge of these predictive factors will help guide 
patient selection, facilitate a more constructive discussion with patients regarding 
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their risks and prognosis, and enhance a tailored treatment approach to optimise 
oncological outcome. 
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Supplemental Figure 1. Calibration and discrimination of predictive model 

Apparent c-statistic AUC 0.715 (CI: 0.669-0.703) 
After correcting for optimism the c-statistic (corrected AUC): 0.703 
The formula for the predicted logit was: 3.9869+(0.788*Tumour Height from ARJ 0-1cm)+(0.530*Anterior 
Tumour location)+(0.716*cT4 tumour)+(0.646*EMVI on baseline MRI)+(0.562*CRM positive on baseline 
MRI) 
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Supplemental table 1 – Uni- and multivariable analysis of pre-operative risk factors for CRM positivity in all patients (n = 2653) 

Factor Event rate (%) Univariate Analysis Multivariate Analysis 
Odds ratio CI P Odds ratio CI P 

Gender 
Male 
Female 

76 / 1827 (4.2%) 
31 / 826 (3.8%) 

1.11 
Ref 

0.727 – 1.704 0.622 - - - 

BMI > 30 kg/m2 
Yes 
No 

14 / 507 (2.8%) 
93 / 2146 (4.3%) 

0.62 
Ref 

0.354 – 1.109  0.109 -  - - 

Previous prostatectomy 
Yes 
No 

3 / 66 (4.5%) 
104 / 2587 (4.0%) 

1.13 
Ref 

0.351 – 3.680 0.830 - - - 

Up to 1 cm from ARJ 
Yes 
No 

38 / 523 (7.3%) 
69 / 2130 (3.2%) 

2.34 
Ref 

1.556 – 3.520 < 0.001 2.09 
Ref 

1.368 – 3.194 0.001 

Anterior tumour 
Yes 
No 

62 / 1181 (5.2%) 
45 / 1472 (3.1%) 

1.75 
Ref 

1.188 – 2.600 0.005 1.66 
Ref 

1.118 – 2.485 0.012 

cT4 tumour 
Yes 
No 

19 / 157 (12.1%) 
88 / 2496 (3.5%) 

3.76 
Ref 

2.229 – 6.367 < 0.001 1.93 
Ref 

1.074 – 3.479 0.028 

cN-stage 
cN - 
cN + 

40 / 1187 (3.4%) 
67 / 1466 (4.6%) 

Ref 
1.37 0.921 – 2.047 0.120 

-  -  - 

EMVI on MRI 
Yes 
No 

56 / 895 (6.3%) 
51 / 1758 (2.9%) 

2.23 
Ref 

1.515 – 3.294 < 0.001 1.94 
Ref 

1.297 – 2.930 0.001 
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Threatened CRM on baseline 
MRI 
Yes 
No 

49 / 674 (7.3%) 
58 / 1979 (2.9%) 

2.59 
Ref 

1.757 – 3.839 < 0.001 1.72 
Ref 

1.116 – 2.679 0.014 

TRG response post downsizing 
therapy  
“Good response” 
“Bad response” 
No neoadjuvancy (incl SCRT-
IS) 

22 / 612 (3.6%) 
42 / 810 (5.2%) 
43 / 1231 (3.5%) 

Ref 
1.46 
0.97 

0.866 – 2.484 
0.575 – 1.638 

0.154 
0.911 

- -  - 

Sphincter-saving surgery 
Yes 
No 

90 / 2442 (3.7%) 
17 / 211 (8.1%) 

Ref 
2.29 1.336 – 3.924 0.003 

Ref 
1.75 0.998 – 3.009 0.051 

BMI: body mass index; ARJ: anorectal junction; EMVI: extramural venous invasion; MRI: magnetic resonance imaging; cN-: cN0; cN+: cN1 or cN2; CRM: circumferential 
resection margin; NAT: neoadjuvant therapy; TRG: tumour regression grading on MRI; SCRT-IS: short-course radiotherapy immediate surgery.
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Abstract 

Background: 
A non-restorative low anterior resection (n-rLAR) might be performed for rectal 
cancer because of for example expected poor functional outcome or intraoperative 
difficulties in constructing an anastomosis. There remains a paucity of published data 
on oncological outcomes after this type of surgery, when compared to restorative 
LAR (rLAR). Our objective was to compare oncological outcome between rLAR and n-
rLAR for primary rectal cancer. 

Methods: 
This was a nationwide cross-sectional comparative study including all elective 
sphincter saving LAR procedures for non-metastatic primary rectal cancer performed 
in 2011 in 71 Dutch hospitals. Outcome data were collected in 2015. Oncological 
outcomes of patients undergoing rLAR and n-rLAR were assessed using Kaplan-
Meier analysis and compared using log-rank test. Uni- and multivariable analysis was 
used to evaluate the association between type of LAR and oncological outcome 
measures. Main outcome measures: Local recurrence, disease-free survival overall 
survival at 3 years. 

Results: 
A total of 1197 patients were analysed, of which 892 underwent rLAR (75%) and 305 
(25%) n-rLAR. Median follow-up was 42 months [IQR 32-47]. Three-year local 
recurrence rate was 3% after rLAR and 8% after n-rLAR (P<0.001). The 3-year 
disease-free survival and overall survival for rLAR versus n-rLAR were 77% versus 62% 
(P<0.001) and 90% versus 75% (P<0.001), respectively. In multivariable cox analysis, 
n-rLAR was independently associated with higher risk of local recurrence (odds ratio
3.0) and worse overall survival (odds ratio 1.7).

Conclusions: 
This nationwide study revealed that non-restorative LAR for rectal cancer was 
independently associated with a higher risk of local recurrence and worse overall 
survival than restorative LAR. This is likely a non-causal relationship, and might 
reflect technical difficulties during low pelvic dissection in a subset of those patients, 
with oncological implications. 
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Introduction 

For non-locally advanced rectal cancer, the reference treatment remains a total 
mesorectal excision (TME).1 If the sphincters can be spared, one may opt for either a 
restorative low anterior resection (rLAR) or a non-restorative low anterior resection 
(n-rLAR).2, 3 The latter entails cross-stapling of the rectal stump and construction of 
an end-colostomy, also referred to as a low Hartmann’s procedure. 
The proportion of n-rLAR in published rectal cancer literature is often relatively small, 
and accounts for less than 5% in most of the randomised controlled trials.4, 5 
However, in unselected series and population studies, especially from Northern 
Europe, n-rLAR appears to be a frequently (up to 25%) performed procedure.6 
Reasons for constructing an end-colostomy, despite the fact that the sphincters could 
oncologically be preserved, are usually not specified. The two main reasons to 
perform n-rLAR are expected poor functional outcome (e.g. impaired sphincter 
function), and high risk of mortality if anastomotic leakage would occur (e.g. frail 
elderly patients). Also social and cultural factors seem to play a role, related to 
acceptance of a definitive stoma, as well as surgeon’s reluctance or eagerness to 
construct an anastomosis. A North to South gradient regarding colostomy rates after 
surgery for primary rectal cancer can be observed in Europe, with relatively high 
proportions of abdominoperineal excision (APE) and Hartmann’s procedures in 
Northern Europe.7 In the Netherlands, surgeons are increasingly resorting to rLAR 
with primary anastomosis in more recent years, potentially due to a higher degree of 
specialization and auditing.8  
But n-rLAR might also be unintentional. Dissection in the lower pelvis can be 
technically difficult in some patients (e.g. male, narrow pelvis, obesity, bulky 
tumour).9 A prolonged difficult TME dissection with inadequate exposure might led 
the surgeon to intraoperatively decide not to make an anastomosis. Oncological 
outcome in such patients could potentially be impaired as well. High circumferential 
margin positivity rates after n-rLAR have been published, up to 32%.10  Therefore, the 
aim of this nationwide comparative cross-sectional cohort study was to compare 
oncological outcome after restorative and non-restorative LAR for patients with 
primary rectal cancer, with a main focus on local recurrence.  

Methods 

Study design and patients 
This was a nationwide, retrospective, cross-sectional study performed by the Dutch 
Snapshot Research Group (DSRG). All included patients were operated in 2011, and 
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outcome data were collected in 2015. The design has been described in previous 
publications.11, 12 In short, all resections for primary rectal cancer that were performed 
between the 1st of January and 31st of December 2011 in the Netherlands were 
identified from the Dutch Colorectal Audit (DCRA). This is an obligatory nationwide 
audit for all colorectal cancer resections, including patient-, tumour- and intra-
operative details and outcomes within 30 days. Hospitals that participated in this 
DSRG project were provided with their own DCRA data in 2015, and one or two 
residents completed the dataset with additional diagnostic, procedural and outcome 
data using an online secured web tool under supervision of a consultant surgeon. 
From this database, containing both short and long-term outcomes of all rectal 
cancer resections performed in 71 Dutch Hospitals in 2011, all patients who 
underwent either rLAR or n-rLAR were selected. For the purpose of the present 
study, metastatic disease (cM1), non-curative intention of treatment, multi-visceral 
resection and emergency procedures were excluded.  
Of the included patient population, data were extracted on baseline patient 
demographics, pretreatment tumour characteristics, operative details, 
histopathological parameters, postoperative complications and related surgical re-
interventions and re-admissions. Considering oncological follow-up, details on date 
and treatment of recurrence, as well as survival status were retrieved. 
This study followed the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.13 The study received approval from the Medical 
Ethical Committee of the Amsterdam UMC, location Academic Medical Centre in 
Amsterdam, the Netherlands, and the local Ethics Committee decided that informed 
consent was not needed due to the retrospective design of the study using 
anonymised data. 

Outcome measures 
Primary outcome was 3-year local recurrence (LR) rate, including association 
between type of resection and LR. Secondary outcomes were rates of 
histopathological circumferential resection margin positivity (pCRM+), overall and 
surgical complications, pelvic sepsis, 3-year disease-free survival (DFS) and 3-year 
overall survival (OS).  

Definitions 
Restorative LAR was defined as a rectal resection with the formation of a stapled or 
hand-sewn colorectal or coloanal anastomosis, with or without defunctioning stoma. 
Non-restorative LAR was defined as a rectal resection with cross-stapling of the rectal 
stump and formation of an end colostomy. Pelvic sepsis was considered an 
anastomotic leakage or pelvic abscess in the rLAR group and a rectal stump abscess 
in the n-rLAR group, being detected at any time during follow-up. Histopathological 
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positive circumferential resection margin (CRM+) was defined as the presence of 
tumour or malignant lymph nodes ≤1 mm from the inked resection plane. LR was 
defined as recurrent disease in the pelvis or at the anastomotic site. Distant 
recurrence (DR) was defined as metastatic localizations outside the pelvis, which 
were not present at the time of rectal resection. DFS rate was defined as the 
percentage of patients that were alive without signs of LR or DR, and OS rate was 
defined as the percentage of patients that were still alive, independent of disease 
status. 

Statistical Analysis 
Categorical data were presented as number of cases and percentages, whilst 
continuous data were shown as either mean ± standard deviation or as median and 
interquartile range (IQR), depending on the data distribution. Categorical and 
continuous variables were compared using the chi-square test and the Mann-Whitney 
U test, respectively. 
Kaplan-Meier analysis was used to determine the actuarial 3-year LR, 3-year DFS and 
3-years OS rates from the date of surgery, and were compared using the Log-rank 
test.
Uni- and multivariable cox regression analysis was used to evaluate the association
between type of LAR and LR, DFS and OS. Potential risk factors for these outcomes
with a univariate P-value of <0.1 were included in the multivariable regression
analysis. A P-value ≤0.05 was considered statistically significant. Data were analysed 
using the Statistical Package for Social Sciences (SPSS) of IBM Statistics, version
25.0.

Results 

Patients 
In 2011, a total of 1400 LAR procedures (998 rLAR and 402 n-rLAR) from 71 hospitals 
in the Netherlands were registered in the Dutch Snapshot Database. After exclusion 
of cM1 stage, non-curative intention of treatment, multivisceral resection and 
emergency procedures, a total of 1197 patients who underwent LAR for primary 
rectal cancer remained for final analysis. Of those, 892 patients underwent rLAR 
(75%) and 305 n-rLAR (26%). Median follow up time of the total cohort was 42 
months [IQR 32-47]. 
Table 1 displays the baseline patient- and tumour characteristics for the two 
procedures. In both groups, the majority was male (rLAR 565 (63%) and n-rLAR 181 
(59%)). In the n-rLAR group, patients were significantly older (65 years [IQR 58-72] 
versus 75 years [IQR 68-81]; P<0.001), presented with higher ASA classification (13% 
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versus 26%; P<0.001) and more often had a tumour located ≤3 cm from the anorectal 
junction (ARJ) (7% versus 20%; P<0.001) than those who underwent rLAR. Clinical T-
stage was comparable between the groups, while clinical N0-stage occurred slightly 
more often in the n-rLAR group (43.% versus 50%; P=0.02). 

Table 1. Patient- and tumour characteristics 

rLAR 
N=892 74.5% 

n-rLAR
N=305 25.5% P-value

Male sex 565/891 63.4 181/305 59.3 0.206 
Age, in years, median 
[IQR] 

 >70 years 

65 [58-72] 

285/892 32.0 

75 [68-81] 

212/305 69.5 

<0.001 

ASA ≥ III 116/892 13.0 78/305 25.6 <0.001 
BMI >30 113/887 12.7 48/302 15.9 0.166 
Threatened margin* 167/892 18.7 62/305 20.3 0.538 
Distance to ARJ ≤3 cm 60/892 6.7 60/305 19.7 <0.001 
cT-stage 

 cT1
 cT2
 cT3
 cT4
 cTX / missing

38/771 
244/771 
463/771 

26/771 
121 

4.9 
31.6 
60.1 

3.4 

7/256 
71/256 

165/256 
13/256 

49 

2.7 
27.7 
64.5 

5.1 

0.161 

cN-stage 
 cN0
 cN1
 cN2
 cNX / missing

320/743 
292/743 
131/743 

149 

43.1 
39.3 
17.6 

125/251 
99/251 
27/251 

54 

49.8 
39.4 
10.8 

0.024 

Neoadjvant therapy 
 None
 SCRT
 LCRT
 CRT

105/892 
502/892 

25/892 
260/892 

11.8 
56.3 

2.8 
29.1 

41/305 
164/305 

10/305 
90/305 

13.4 
53.8 

3.3 
29.5 

0.810 

ASA: American Society of Anaesthesiologists-Classification; BMI: Body Mass Index; ARJ: anorectal junction 
as measured on sagittal MRI; cT-stage: clinical tumour stage; cN-stage: clinical nodal stage; SCRT: short 
course radiotherapy; LCRT: long course radiotherapy without concomitant chemotherapy; CRT: 
chemoradiotherapy 

*Threatened margin was defined as presence of tumour or malignant lymph nodes ≤ 1mm of the 
mesorectal fascia on baseline pelvic MRI. 
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Table 2. Operative details and postoperative outcomes 

rLAR 
N=892 74.5% 

n-rLAR
N=305 25.5% P-value

Annual hospital volume 
 <25
 25-50
 >50

184/892 
470/892 
238/892 

20.6 
52.7 
26.7 

71/305 
163/305 

71/305 

23.3 
53.4 
23.3 

0.408 

Approach 
 Open
 Laparoscopic

407/892 
485/892 

45.6 
54.4 

177/305 
128/305 

58.0 
42.0 

<0.001 

Conversion 
 of which early

62/463 
31/463 

13.4 
6.7 

32/122 
17/122 

26.2 
13.9 

0.001 
0.003 

Diverting stoma 588/812 72.4 NA NA 
Major  intra-operative 
complications 

 Bleeding *
 Visceral injury **
 Other

15/850 

7/850 
7/850 
1/850 

1.8 

0.8 
0.8 
0.1 

9/284 

6/284 
2/284 
1/284 

3.2 

2.1 
0.8 
0.4 

0.155 

Complications <30d 
 Overall
 Surgical

Requiring re intervention 

329/863 
191/863 
127/863 

38.1 
22.1 
14.7 

116/292 
62/292 
42/292 

39.7 
21.2 
14.4 

0.627 
0.748 
0.889 

Re intervention >30d 110/888 12.4 38/305 12.5 0.974 
Readmission >30d 172/889 19.3 62/305 20.3 0.710 
Pelvic sepsis *** 144/871 16.5 48/254 18.9 0.378 

NA: not applicable; d: days 

* Defined as bleeding requiring transfusion 
** r-LAR: bowel (5), ureter/urethra (1), bladder (1); n-rLAR: bowel (1), ureter/urethra (1) 
*** Pelvic sepsis was considered an anastomotic leakage or pelvic abscess in the rLAR group and a rectal 
stump abscess in the n-rLAR group, being detected at any time during follow-up. 

Surgical and pathological characteristics 
Annual hospital volume did not differ significantly between the groups. A 
laparoscopic approach was more often used in the rLAR group (54% vs 42%; 
P<0.001). Laparoscopic procedures in the n-rLAR group were more often converted 
to midline laparotomy (13% vs 26%; P<0.001). Major intra-operative complications 
(including bleeding requiring transfusion and visceral injuries to the bowel, 
ureter/urethra and bladder), occurred in 15 (1.8%) patients in the rLAR group and in 9 
(3.2%) patients in the n-rLAR group (P=0.16). Table 2 
There was no significant difference in overall complication rate within 30 days 
(P=0.63). Pelvic sepsis occurred in a similar percentage at any time during follow-up 
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among the two groups; anastomotic leakage or presacral abscess was reported in 
17% patients in the rLAR group, whereas an abscess on top of the rectal stump after 
n-rLAR was reported in 19% patients (P=0.34). Also no differences in re interventions
and readmissions beyond 30 days were observed. Table 2
Rate of pCRM+ was 5.7% in the rLAR group and 7.2% in the n-rLAR group (P=0.76).
There were no significant differences in pathological nodal stage, total number of
examined lymph nodes and presence of extra-mural vascular invasion. Adjuvant
chemotherapy was administered more often in the rLAR group (13% versus 5.6%;
P<0.001). Table 3

Table 3. Histopathological parameters and oncological follow-up 

rLAR 
N=892 % 

n-rLAR
N=305 % P-value

(y)pT-stage 
 pT0
 pT1
 pT2
 pT3
 pT4
 pTx

49/871 
75/871 

316/871 
396/871 

14/871 
21/871 

5.6 
8.6 

36.3 
45.4 

1.6 
2.4 

22/297 
18/297 
88/297 

149/297 
14/297 

6/297 

7.4 
6.1 

29.6 
50.2 

4.7 
2.0 

0.007 

(y)pN-stage 
 pN0
 pN1
 pN2
 pNx

561/871 
216/871 

83/871 
11/871 

64.4 
24.8 

9.5 
1.3 

187/297 
81/297 
20/297 

9/297 

63.0 
27.3 

6.7 
3.0 

0.086 

pCRM ≤ 1 mm 39/689 5.7 16/222 7.2 0.400 
Lymph nodes >10 563/869 64.8 177/298 59.4 0.095 
EMVI+ 80/817 9.8 28/274 10.2 0.838 
Adjuvant chemotherapy 119/889 13.4 17/304 5.6 <0.001 
FU time, median [IQR] 43 (36-47) 38 [15-45] <0.001 
Actuarial 3-year LR 3.0 8.0 <0.001 
Actuarial 3-year DFS 77.0 62.0 <0.001 
Actuarial 3-year OS 90.0 75.0 <0.001 

pT-stage: pathological tumour stage; pN-stage: pathological nodal stage; CRM: circumferential resection 
margin; EMVI: extra-mural vascular invasion; FU: follow-up; LR: local recurrence; DFS: disease-free 
survival; OS: overall survival; IQR: inter-quartile range. 

Oncological outcomes 
Three-year LR rate was 3% after rLAR and 8% after n-rLAR by univariate Kaplan 
Meier analysis (Log-rank: P<0.001). Figure 1a 
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Table 4 shows the uni- and multivariable cox regression analyses for LR. Besides type 
of procedure (rLAR and n-rLAR), tumour height from ARJ, neo-adjuvant therapy and 
pathological tumour- and nodal stage, had a P-value of <0.1 in univariable analyses. 
Multivariable cox regression analyses revealed that n-rLAR was independently 
associated with higher odds of LR (odds ratio (OR) 3.0; 95% CI 1.6-5.6; P=0.001). 
Another independent risk factors for LR was (y)pN1-2 stage (OR 2.6; 95% CI 1.4-4.9; 
P=0.002), while neo-adjuvant therapy lowered the risk of LR (OR 0.3; 95% CI 0.2-0.7; 
P=0.002). 

Table 4. Uni- and multivariable cox regression analyses for risk factors of LR 

Variable Univariable analysis Multivariable analysis 
OR (95% CI) P-value OR (95% CI) P-value

Male sex 1.238 (0.682-2.248) 0.483 
BMI ≥30 1.393 (0.648-2.997) 0.396 
MRF threatened 1.072 (0.516-2.231) 0.851 
Distance ARJ <4 
cm 

1.964 (0.913-4.225) 0.084 

NAT 0.347 (0.175-0.687) 0.002 0.328 (0.161-0.666) 0.002 
n-rLAR 3.173 (1.755-5.735) <0.001 2.950 (1.559-5.581) 0.001 
Laparoscopic 1.389 (0.765-2.522) 0.280 
(y)pT4 3.551 (1.097-11.497) 0.034 
(y)pN1-2 2.342 (1.286-4.265) 0.005 2.608 (1.402-4.849) 0.002 
Adjuvant 
chemotherapy 

20.347 (0.000-
1.319E+15) 

0.853 

OR: Odds Ratio; CI: Confidence Interval; Ref: reference; BMI: Body Mass Index: MRF: Mesorectal fascia; 
ARJ: Anorectal junction; NAT: Neo-adjvuvant therapy; n-rLAR: non-restorative low anterior resection. 

By univariate Kaplan Meier analysis, 3-year DFS was better after rLAR than after n-
rLAR (77% versus 62%; P<0.001). Uni- and multivariable cox regression analyses for 
any recurrence (LR and/or DM) or death are provided in Supplementary table 1. ASA 
≥III (OR 2.6; 95% CI 1.2-5.7; P=0.02) and adjuvant therapy (OR 0.04; 95% CI 0.003-0.5, 
P=0.02) were independently associated with DFS, while type of procedure (rLAR and 
n-rLAR) was not. By univariate Kaplan Meier analysis, 3-year OS (90% versus 75%;
P<0.001) was higher after rLAR than after n-rLAR. Figure 1b
Multivariable cox regression analyses showed that n-rLAR was an independent risk
factor for death (OR 1.7; 95% CI 1.2-2.4; P=0.003), besides male gender (OR 0.6), age
≥70 years (OR 2.5), ASA ≥III (OR 2.5), tumour height from ARJ (OR 1.6) and (y)pN1-2 
stage (OR 2.1). Supplementary table 2
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Supplementary table 3 shows the treatment of LR and DM and locations of DM. 
Approximately one third of patients with LR in both groups, could be treated with 
curative intent, while in the presence of DM, patients were treated with a curative 
intent in 55% in the rLAR group versus 35% in the n-rLAR group (P=0.01). 

Figure 1a-b. Kaplan-Meier curve of 3-year LR-free and OS cumulative proportion
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Discussion 

In this nationwide cross-sectional comparative study of 1197 elective sphincter saving 
primary rectal cancer resections from 71 Dutch hospitals, continuity was not restored 
in 25% of the patients. Comparing baseline characteristics revealed that this decision 
was mainly driven by patient related factors. Patients who underwent n-rLAR were 
median 10 years older, with more than twice as much patients over 70 years of age, 
and twice as much higher proportion of ASA 3. In contrast, cT stage, cN stage, 
proportion of threatened CRM on MRI, and percentage and type of neoadjuvant 
radiotherapy were remarkably similar between rLAR and n-rLAR. The only tumour 
related factor that differed significantly was distance from the anorectal junction. The 
pathological CRM+ rate was not significantly different. Considering these 
characteristics, in multivariable analysis, n-rLAR with end colostomy was 
independently associated with a higher risk of LR when compared to rLAR with 
primary anastomosis, after correction for distance from the anorectal junction. 
Uncorrected 3-year DFS and OS were significantly lower after n-rLAR, likely 
reflecting the elderly frail patient group, but n-rLAR remained independently 
associated with worse OS after correction for confounding variables.  
The observed 3-year LR rates after restorative (3%) and non-restorative (8%) LAR are 
in line with other published data on rate of local recurrences following LAR. A 
Swedish study analyzing 114 rLAR and 58 n-rLAR procedures performed in the 
Stockholm region between 1995 and 2003, showed a 5-year cumulative LR rate of 5% 
and 10%, respectively.14 In contrast to the present study, this could be explained by 
the percentage of positive margins (5% versus 14%), which was also significantly 
higher in the n-rLAR group. Another analysis of 2333 rLAR and 248 n-rLAR 
procedures registered in the Spanish rectal cancer project between 2006 and 2010 
showed LR rates of 3.7% and 11%, respectively, after a median follow-up of 37 
months.15 Perforation (2.3% versus 13%) and CRM+ (6.6% versus 17%) were also 
significantly higher in the n-rLAR group. In multivariable analysis, n-rLAR was an 
independent predictor for local recurrence and survival. But in our study, CRM+ was 
comparable between the groups and thus cannot explain the observed difference in 
LR rate and survival, as opposed to the Swedish and Spanish studies. 
Another important factor related to the risk of LR is pelvic sepsis, given the significant 
impact of anastomotic leakage after rLAR on oncological outcome in meta-analysis.16 
However, leaving a rectal stump after n-rLAR may also lead to formation of pelvic 
abscesses, as a result of infected pelvic hematoma or staple-line disrupture. 
Previously published data based on the DCRA 2009-2013 found that n-rLAR was 
associated with significantly less 30-day abdominal infective complications than 
rLAR.17 The present study reveals that with extended follow-up beyond 1 year 
postoperatively, pelvic sepsis rates in both groups are substantially higher and not 
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different any more. Pelvic sepsis might have contributed to the high LR rate as 
observed after n-rLAR, but does not explain the observed difference with rLAR. 
More patients received adjuvant therapy after rLAR. A meta-analysis showed that 
adjuvant fluorouracil based chemotherapy did not improve oncological outcome in 
rectal cancer patients after preoperative (chemo)radiotherapy.18 Because 
preoperative radiotherapy was given in almost 90% of both rLAR and n-rLAR groups, 
the difference in adjuvant chemotherapy does not seem to (fully) explain the 
observed difference in oncological outcome. 
Another factor to consider is the impact of technical factors and specialization. In a 
certain proportion of patients in the n-rLAR group, the decision not to restore bowel 
continuity might have been made intraoperatively following a difficult TME 
dissection with inadequate exposure. This is suggested by the observation that n-
rLAR was more often converted. In the n-rLAR group, 20% of tumours were located 
within 3 cm from the anorectal junction. Visualization of the distal rectum from an 
abdominal approach can be difficult, thereby complicating TME dissection, cross 
stapling, and construction of a colo-anal anastomosis. Hypothetically, n-rLAR might 
be correlated to low quality TME specimen or residual mesorectum, which might still 
harbor malignant lymph nodes that result in the development of LR. This would 
explain the discrepancy between the CRM+ rate and LR rate, since residual 
mesorectum does not impact on CRM+. Bondeven et al. demonstrated that 
inadvertent residual mesorectum was commonly found on postoperative MRI, 
supporting this hypothesis.19 Unfortunately, quality of the TME specimen and 
postoperative imaging were not available in the dataset. Remarkably, hospital 
volume was equally distributed among the groups. But data on surgeon level was 
neither available, and different levels of expertise within high volume hospitals might 
have resulted in different procedures being performed. However, Dutch colorectal 
cancer care is only provided in community hospitals by certified and specialised 
gastrointestinal surgeons, with obligatory auditing including continuous feedback 
and visitation in case of underperformance, and with a minimal annual volume of 20 
rectal resections (including APE and benign indications). Furthermore, rectal cancer 
surgery is often performed by two consultants in several Dutch centres. This makes 
analyses on individual surgical expertise difficult, in the absence of (very) low volume 
centres and no ‘general’ surgeons performing rectal cancer resections in the 
Netherlands. 
What could be the clinical implication of the present findings? When restoration of 
continuity is not preferred, for example if poor bowel function is expected, or appears 
to be technically difficult during surgery, an intersphincteric APE (iAPE) might be an 
alternative for n-rLAR, because this has a presumed lower risk of residual 
mesorectum and might also reduce the risk of diversion proctitis. Considering 
infective complications, our group demonstrated that iAPE and n-rLAR have an equal 
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risk of pelvic abscess formation and have a similar need for re-intervention and 
readmission.20 Caution is needed however, since an iAPE can also be a challenging 
procedure requiring experience and specialization. A currently ongoing multicentre 
randomised controlled trial comparing iAPE and n-rLAR will probably reveal more 
data on the preferred non-restorative technique.21  
We acknowledge that the current study has some limitations. First, there were some 
missing and inaccurate recorded data related to the design of this study. Second, a 
surgeons decision to perform a non-restorative procedure may reflect an expected 
difficult resection, as shown by the higher conversion rate and other intra-operative 
major complications in this group, thereby introducing a risk for selection bias by 
indication, even after correcting for several measured confounders using 
multivariable analyses. Finally, some relevant variables were unfortunately not 
included in the dataset, such as reason for not making an anastomosis, quality of the 
TME specimen and level of experience of the operating surgeon. Although TME 
specimen quality could have provided more insight into the association between n-
rLAR and local recurrence, this would not have influenced our analyses since TME 
specimen quality is an outcome measure itself, and would therefore not be included 
into the multivariable model as an independent variable.  

Conclusion 

This nationwide study revealed that elective n-rLAR for primary rectal cancer was 
independently associated with a significantly higher risk of local recurrence and 
worse overall survival when compared with rLAR with primary anastomosis. This is 
likely a non-causal relationship. The decision not to restore bowel continuity is often 
made preoperatively for non-oncological reasons (e.g. functional outcome, risk of 
anastomotic leakage).  However, n-rLAR might reflect a technically difficult 
dissection in some of the patients, potentially resulting in damage of the specimen or 
residual mesorectum. This subgroup might have worsened the overall oncological 
outcome of n-rLAR. 
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Local recurrence for restorative versus non-restorative LAR 

 Supplementary table 1. Uni- and multivariable cox regression analyses for risk factors 
of any recurrence (LR and/or DR) or death  

Variable Univariable analysis Multivariable analysis 
OR  (95% CI) P-value OR (95% CI) P-value

Male sex 0.733 (0.580-0.926) 0.009 
Age ≥70 1.935 (1.555-2.408) <0.001 
BMI ≥30 0.878 (0.628-1.227) 0.446 
ASA ≥III 1.924 (1.484-2.495) <0.001 2.582 (1.171-5.691) 0.019 
MRF 
threatened 

0.988 (0.749-1.303) 0.933 

Distance ARJ <4 
cm 

1.213 (0.868-1.694) 0.259 

NAT 0.626 (0.463-0.847) 0.002 
n-rLAR 1.911 (1.522-2.399) <0.001 
Laparoscopic 0.977 (0.786-1.214) 0.834 
ypT4 2.622 (1.560-4.406) <0.001 
ypN1-2 2.610 (2.091-3.257) <0.001 
Adjuvant 
chemotherapy 

0.016 (0.001-0.172) 0.001 0.043 (0.003-0.544) 0.015 

Supplementary table 2. Uni- and multivariable cox regression analyses for death 

Variable Univariable analysis Multivariable analysis 
OR (95% CI) P-value OR (95% CI) P-value

Male sex 0.620 (0.453-0.848) 0.003 0.637 (0.439-0.923) 0.017 
Age ≥70 3.390 (2.517-4.567) <0.001 2.543 (1.753-3.689) <0.001 
BMI ≥30 0.771 (0.490-1.213) 0.260 
ASA ≥III 3.055 (2.251-4.147) <0.001 2.544 (1.782-3.633) <0.001 
MRF 
threatened 

0.968 (0.674-1.391) 0.861 

Distance ARJ <4 
cm 

1.582 (1.066-2.348) 0.023 1.595 (1.016-2.503) 0.042 

NAT 0.595 (0.407-0.870) 0.007 
n-rLAR 2.647 (1.991-3.520) <0.001 1.720 (1.210-2.444) 0.003 
Laparoscopic 1.017 (0.767-1.348) 0.908 
ypT4 1.853 (0.870-3.944) 0.110 
ypN1-2 2.175 (1.636-2.892) <0.001 2.110 (1.525-2.918) <0.001 
Adjuvant 
chemotherapy 

20.366 (0.000-
2.240E+11) 

0.798 

OR: Odds Ratio; CI: Confidence Interval; Ref: reference; American Society of Anaesthesiologists-
Classification; BMI: Body Mass Index: MRF: Mesorectal fascia; ARJ: Anorectal junction; NAT: Neo-
adjvuvant therapy; n-rLAR: non-restorative low anterior resection. 
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Supplementary table 3. Oncological treatment 

rLAR 
N=892 

n-rLAR
N=305

% % P-value
Crude LR 26/892 2.9 22/305 7.2 
Treatment LR 

 Curative intent
 Resection*
 Missing

9/26 
4/9 
5/9 

34.6 8/22 
5/8 
3/8 

36.4 0.900 

Crude DR 145/892 16.3 56/305 18.4 
Location DR 

 Liver
 Lung
 Pancreas
 Bones
 Para-aortic
 Peritoneal

89/145 
71/141 
0/145 
14/145 
9/145 
10/136 

61.4 
50.4 
0.0 
10.1 
6.6 
7.4 

31/53 
33/56 
1/51 
3/51 
7/31 
2/51 

58.5 
58.9 
2.0 
5.9 
13.7 
3.9 

Treatment DR 
 Curative intent 80/145 55.2 20/57 35.1 0.010 

Type, if curative 
 Systemic
 RT
 Resection
 Percutaneous ablation

24/80 
6/80 
65/80 
8/80 

4/20 
4/20 
12/20 
1/20 

LR: local recurrence; DR: distant recurrence; RT: radiotherapy 
* in rLAR: 1/4 received NAT. in n-rLAR: 2/5 received NAT 
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Abstract 

Background: 
Transanal total mesorectal excision (TaTME) for mid- and low rectal cancer has 
known a rapid and worldwide adoption. Recently, concerns have been raised on the 
oncological safety in light of reported high local recurrence (LR) rates with a 
multifocal pattern. This study aimed to determine LR rate and pattern after TaTME 
for rectal cancer. 

Methods: 
This was a multicentre observational cohort study in six tertiary referral centres. All 
consecutive TaTME cases for primary rectal adenocarcinoma from the first TaTME 
case in every centre until December 2018 were included for analysis. Patients with 
benign tumours, malignancies other than adenocarcinoma and recurrent rectal 
cancer, as well as  exenterative procedures, were excluded. The primary endpoint was 
two-year LR rate. Secondary endpoints included patterns and treatment of LR and 
histopathological characteristics of the primary surgery. 

Results: 
A total of 767 patients were identified and eligible for analysis. Resection margins 
were involved in 8% and optimal pathological outcome (clear margins, (nearly) 
complete specimen, no perforation) was achieved in 86% of patients. After a median 
follow-up of 25.5 months, 24 patients developed LR, with an actuarial cumulative 
two-year LR rate of 3% (95% CI 2–5). In none of the patients, a multifocal pattern of 
LR was observed. Thirteen patients had isolated LR (without systemic disease) and 
10/13 could be managed by salvage surgery of whom eight were disease-free at the 
end of follow-up.  

Conclusions: 
This study shows good loco regional control after TaTME in selected cases from 
tertiary referral centres and does not indicate an inherent oncological risk of the  
surgical technique. 
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Introduction 

Since the introduction of transanal total mesorectal excision (TaTME) in 20091, the 
technique attracted huge attention, with a rapid and widespread adoption of the 
technique around the world.2, 3 Approaching a rectal cancer from below as practiced 
in TaTME, offers clear, direct visualization of the dissection plane, and could 
therefore allow for a more meticulous dissection. This potentially solves the 
limitations of using a pure transabdominal approach in patients with rectal cancer 
located deep down in a narrow pelvis. However, challenging aspects of the technique 
and an unfamiliar ‘upside down’ anatomy construed a particularly long and extensive 
learning period to master the TaTME technique.4, 5  
So far, only surrogate data for a safe oncological dissection after TaTME have been 
reported, such as resection margin status and total mesorectal excision (TME) 
specimen quality, demonstrating good results.2, 3, 6, 7 Very limited literature exists on 
intermediate-term oncological outcomes after TaTME.8, 9 Recently, reports have 
been presented from Norwegian and Dutch national datasets with surgeons in their 
learning curve, revealing an alarming local recurrence (LR) rate of 8-10% and even 
more disturbing an unconventional multifocal pattern and early occurrence.10-12 
These findings clearly raised concerns and resulted in an international debate on the 
oncological safety of TaTME. In Norway, consensus was reached to stop performing 
TaTME. 
Since data on oncological outcome are eagerly awaited by the surgical community, 
this multicentre observational cohort study aimed to assess the rate of LR in patients 
who underwent TaTME for primary rectal cancer. We hypothesized that TaTME 
would provide good control of disease in this cohort. 

Methods 

Study population 
In this multicentre observational cohort study, conducted in six tertiary referral 
centres, all consecutive patients with primary rectal adenocarcinoma who underwent 
TaTME were included for intention-to-treat analysis. Patients with benign disease, 
malignancies other than adenocarcinoma and recurrent tumours, as well as 
exenterative procedures were excluded.  

Data collection 
Data were captured from the first TaTME case in every centre from 2011 until 
December 2018. Data regarding baseline demographics, pre-operative MRI, 
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operative and post-operative details, histopathological outcomes and oncological 
follow-up were collected from either the prospective TaTME International registry13 
or from own prospective institutional databases. In all institutions the data fields 
were entered by independent research fellows or research nurses. Local recurrence 
specific data, which were not captured on these registries, were retrospectively 
collected on a study specific case record form. All cases were reviewed by research 
fellows to cross-check the data and update the oncological follow-up for each 
individual patient up to the last date of follow-up. 
This study was approved by the institutional ethics review board in the Amsterdam 
UMC, the Netherlands. Patient consent was obtained for patients entered on the 
International TaTME Registry and for the other centres a contract of data sharing was 
signed and IRB approval was obtained. 

Endpoints 
The primary endpoint was actuarial cumulative two-year LR rate in this consecutive 
cohort of TaTME procedures. Secondary endpoints included histopathological details 
of the TME specimen, pattern and management of LR and three-year disease-free 
survival (DFS) and overall survival (OS). 

Procedures 
Preoperative assessment for rectal tumours included colonoscopy with biopsies, 
magnetic resonance imaging (MRI) of the pelvis and computed tomography (CT)-
scan of the chest, abdomen and pelvis. The mesorectal fascia (MRF) was considered 
threatened if tumour or malignant nodes were present at or within 1 mm from the 
MRF on baseline MRI. After review of each case in a multidisciplinary team, a decision 
was made whether patients would be offered neoadjuvant therapy (NAT) according 
to national guidelines. In all institutions an MRI was undertaken for restaging after 
NAT.   
All centres adopted TaTME as part of their standard practice for patients with mid to 
low rectal cancer. One to three surgeons in every centre performed the procedure, all 
of whom were experienced colorectal surgeons, skilled in minimal invasive rectal 
cancer surgery and transanal minimal invasive surgery (TAMIS) for malignant and 
complex benign procedures. All surgeons joined TaTME cadaver and training 
sessions, either as a participant or as a mentor. 
Selection criteria for TaTME in the individual institutions were as follows: four centres 
offered TaTME to all patients with mid- or low rectal cancer, one centre selected all 
low rectal cancers and males with a mid-rectal tumour for TaTME, and one centre 
initially started with TaTME for obese and distal tumours, gradually expanding their 
selection criteria to all mid- and low rectal cancers. 

130



Local recurrence after TaTME in six tertiary centres

The steps of the TaTME technique were thoroughly described in previous papers by 
the co-authors of this manuscript.14, 15 In short, after insertion of the Gelpoint path, 
the lumen of the rectum was closed below the tumour by an airtight purse string. The 
rectum was then washed with betadine extensively before starting the full-thickness 
rectotomy, to avoid spillage of bacteria and exfoliation of tumour cells. It was up to 
the individual surgeon to perform the purse string and rectotomy via open or TAMIS 
approach, and similarly for ultra-low cancers to start with an open or endoscopic 
rectotomy via TAMIS followed by stump closure. 
Complications were reported according to the Clavien-Dindo classification.16  
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.17 
‘Optimal pathological outcome’ was defined as clear resection margins (R0), 
complete or nearly complete TME specimen, and no rectal perforations. 
Post-operative routine oncological follow-up protocol included regular three- or six 
monthly clinical visits, with carcinoembryonic antigen (CEA) level measurements, CT-
scans of the abdomen and endoscopic assessment in all the centres but one. In the 
Amsterdam UMC, regular visits in clinic included ultrasound of the liver, endoscopy 
and CEA level measurements. If there was an increase in CEA level or abnormal 
clinical findings, further imaging was performed. 
LR was defined as any recurrent disease in the pelvis in the prior area of dissection, at 
the anastomotic site or as pelvic nodal disease. Suspicion of LR had to be confirmed 
on imaging. Assessment of localization of LR was according to categorization by 
Georgiou et al.(18) Distant recurrence (DR) was defined as metastatic localizations 
outside the pelvis, not present at the time of rectal resection.  

Statistical analysis 
All categorical data were presented as number of cases and percentages, whilst 
continuous data were shown as median and interquartile range (IQR). Missing data 
did not exceed 15% for each variable and percentages shown represent data available 
excluding missing values. Kaplan-Meier analysis was used to determine the actuarial 
cumulative proportion of LR, DFS and OS rates at 24 and 36 months from the date of 
surgery, censored for the patients lost to follow-up. The TNM-stages 0 to 4 were 
compared in Kaplan Meier analysis based on pathological tumour- and nodal stages 
(pTN) and clinical stage of metastasis (cM). 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. Data were analysed using the Statistical Package for Social Sciences 
(SPSS) of IBM Statistics, version 25.0.  
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Results 

Between August 2011 and December 2018, 767 TaTME cases met the eligibility 
criteria and were included for analysis. The total number of resections for rectal 
cancer for all units, in the period between their first and last included TaTME case was 
1737. Case distribution was 84, 95, 109, 112, 160 and 207 included patients per centre. 
Table 1 provides baseline patient- and tumour characteristics. The majority of 
patients was male (n=552; 72%) and 150 (20%) patients were obese (BMI ≥30). 
Median age was 64 years [IQR 55-70]. A quarter of patients (n=213; 28%) had a 
tumour located within one cm from the anorectal junction (ARJ), and median tumour 
height from ARJ was 3.0 cm [IQR 1.0-5.0]. More than half of the patients (n=439; 58%) 
had an anterior tumour location. The MRF was threatened in 273 (41%) patients. 
Presence of extra-mural vascular invasion (EMVI) on baseline MRI scans was only 
reported in 143 (19%) patients and was scored as positive in 34 patients (24%). The 
majority of patients received neo-adjuvant treatment (n=527; 69%). Of them, 47% 
had a ‘good response’ (classified as tumour regression grade 1 or 2), although this 
variable was only recorded in 62% (307/497) of the re-staging MRI reports.   
Table 2 shows operative details and post-operative clinical course. The majority of 
TaTME procedures were low anterior resections (n=659; 86%) and more than half of 
the patients underwent a stapled anastomosis (65%). Median operative time was 240 
minutes [IQR 200-300]. The abdominal part of the TaTME procedure was completed 
laparoscopically in nearly all patients (n=739; 96%), with an abdominal conversion 
rate to midline laparotomy of 2.9%. Perineal conversion occurred in 11 cases (1.4%). 
There were two cases of a clinically relevant intra-operative carbon dioxide embolism 
(0.3%) and two urethral injuries (0.3%). Major complications (Clavien-Dindo 3 or 
higher) was 13% and there was one post-operative death; this patient died on the 
third postoperative day due to sepsis related to colonic ischemia.  
Table 3 displays histopathological outcomes. The TME specimen was graded as 
complete or nearly complete in 701 (93%) patients, and the overall rate of positive 
resection margins (R1) was 8.0%. When excluding the patients with no residual 
tumour and no malignant lymph nodes on final histopathology (n=109), R1 rate was 
9.4% (62/658). The composite endpoint of ‘optimal pathological outcome’ was 86%. 
Based on final histological findings and national guidelines, 330 (43%) patients 
received adjuvant chemotherapy. 
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Table 1. Patient- and tumour characteristics 

Total cohort 
N=767 (%) 

Patient characteristics 
Male sex 552/767 (72.0) 
Age in years, median [IQR] 64 [55-70] 
ASA ≥ 3 150/764 (19.6) 
BMI ≥ 30 150/767 (19.6) 
Previous pelvic treatment (non-rectal cancer related) 97/767 (12.6) 
Tumour characteristics 
Tumour height from ARJ in cm, median [IQR] 

 ≤ 1 cm
3,0 [1,0-5,0] 

213/763 (27.9) 
Anterior tumour location 439/756 (58.1) 
MRI performed 696/767 (90.7) 
cT-stage on baseline MRI 

 T1
 T2
 T3
 T4
 Tx

23/696 (3.3) 
196/696 (28.2) 
421/696 (60.5) 

52/696 (7.5) 
4/696 (0.6) 

cN-stage on baseline MRI 
 N0
 N1
 N2
 Nx

214/696 (30.7) 
303/696 (43.5) 
175/696 (25.1) 

4/696 (0.6) 
cM1-stage 69/767 (9.0) 
Threatened MRF on baseline MRI 273/663 (41.2) 
EMVI positive on baseline MRI 34/143 (23.8) 
Received neo-adjuvant therapy 

 SC-RT – immediate surgery
 SC-RT – delayed surgery
 LC-RT
 CRT
 Chemotherapy only

527/767 (68.7) 
30/767 (3.9) 

8/767 (1.0) 
9/767 (1.2) 

464/767 (60.5) 
16/767 (2.1) 

TRG response on re-staging MRI 
 mTRG 1/2 (good response)
 mTRG 3/4/5 (poor response)

144/307 (46.9) 
163/307 (53.1) 

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; MRF: Mesorectal fascia, defined as threatened if the distance of tumour or 
malignant lymph node to the mesorectal fascia was 1 mm or less; EMVI: extramural vascular invasion; SC-
RT: Short course radiotherapy (including contact radiotherapy); LC-RT: Long Course Radiotherapy; CRT: 
Chemoradiotherapy; mTRG: Tumour Regression Grade on re-staging MRI: calculated out of total patients 
who underwent NAT with exclusion of SCRT-immediate surgery (527-30=497). 
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Table 2. Operative details and post-operative clinical course 

N (%) 
N= 767 

Operative details 
Procedure 

 LAR
 APE/ELAPE
 Other*

659/767 (85.9) 
91/767 (11.9) 

17/767 (2.2) 
Operative time in minutes, median [IQR] 240 [200-300] 
Abdominal approach 

 Open
 Conventional laparoscopy
 SILS
 Robot assisted laparoscopy

19/767 (2.5) 
739/767 (96.3) 

7/767 (0.9) 
2/767 (0.3) 

Defunctioning ileostomy 549/669 (82.1) 
Conversion 

 Abdominal**
 Perineal***

22/748 (2.9) 
11/767 (1.4) 

Clinical course < 30 days 
Hospital stay in days, median [IQR] 6 [4-10] 
Morbidity 306/767 (39.9) 
Clavien-Dindo ≥ 3 96/767 (12.5) 
Readmission <30 days 61/767 (8.0) 

LAR: Anterior resection; APE: Abdominoperineal excision; ELAPE: extralevator abdominoperineal excision; 
SILS: Single incision laparoscopic surgery.  

* Other procedures were Hartmann resections (5) and proctocolectomies (12) 
** Defined as a procedure that was started with the intention to perform a laparoscopic abdominal 
dissection but required a midline laparotomy to complete the procedure 
*** Defined as a change in operative approach from transanal to a more extensive abdominal approach
than initially planned. 

Table 3. Histopathological outcomes 

N (%) 
N= 767 

pT-stage 
 No residual tumour
 T1
 T2
 T3
 T4
 Tx

116/767 (15.1) 
90/767 (11.7) 

150/767 (19.6) 
395/767 (51.5) 

8/767 (1.0) 
8/767 (1.0) 
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pN-stage 
 N0
 N1
 N2
 Nx

513/767 (66.9) 
177/767 (23.1) 

68/767 (8.9) 
9/767 (1.2) 

TME specimen 
 Complete
 Nearly complete
 Incomplete

607/753 (80.6) 
94/753 (12.5) 

52/753 (6.9) 
R1 

 Only DRM+
 Only CRM+
 DRM+ and CRM+

62/767 (8.0) 
6 (0.7) 

48 (6.3) 
8 (1.0) 

Rectal perforations 8/766 (1.0) 
Composite optimal pathology 647/752 (86.0) 
EMVI positive 78/132 (59.1) 
Lymph nodes harvested, median [IQR] 16 [11-22] 

pT-stage: pathological tumour stage; pN-stage: pathological nodal stage; TME: Total mesorectal excision; 
R1: circumferential resection margin (CRM) + and/or distal resection margin (DRM) +; Composite optimal 
pathology: CRM- and DRM- and complete or nearly complete TME specimen and no perforations  

Oncological outcome 
After a median follow-up of 25.5 months [IQR 15-39], LR was identified in 24 patients. 
The two-year actuarial cumulative LR rate, censored for patients lost to follow-up, 
was 3.3% (95% CI 2.0–5.0), with a corresponding three-year LR rate of 4.4% (95% CI 
2.5–6.3). Further oncological outcomes are summarised in Table 4. 
Twenty-one of the 24 patients with LR (age 32-73), were male and 17 patients 
received neo-adjuvant therapy. Two patients had a post-operative complication 
scored as a Clavien-Dindo 3, both suffering from an anastomotic leak. Five patients 
had a non-optimal composite pathological outcome. Seven of 24 patients with LR 
initially had a threatened margin on baseline MRI, in two of these 7 patients an R1 
resection was achieved. Supplement 1a 
Median time to LR after primary surgery was 13.5 (range 1-41, IQR 8.3-21.8) months. 
Location of LR was lateral (n=10), posterior (n=8) and central (n=6). Four of the 
centrally located LRs were at the anastomotic site. No multifocal pattern of LR was 
observed in this cohort. Supplement 1b 
Figure 1 and Supplement 1b show that 11 patients with LR were also diagnosed with 
systemic disease progression. Of the remaining 13 patients with only LR, ten 
underwent salvage surgery, of whom one patient died because of new metastasis five 
months after salvage surgery for LR, one was alive with disease (local and distant) 
and eight were disease free at end of follow-up. Three patients with only LR and no 
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metastatic disease did (still) not undergo salvage surgery; one patient was treated 
with radiotherapy due to high sacral involvement and the other two patients were 
undergoing chemotherapy at time of data extraction with planned evaluation for 
resectability.   
Eleven patients also had distant recurrence at time of diagnosis of LR, three of whom 
underwent palliative surgery and were still alive with disease at time of data 
extraction. Eight had palliative chemotherapy, three of whom died during follow-up 
while five were alive with disease at time of data extraction. 
Thirteen patients underwent salvage surgery, seven of whom had pre-operative 
chemo- radio therapy. Nine patients had a R0 resection of the LR. Four of the 24 
patients with LR died with disease, 12 were alive with disease and eight were disease-
free at end of follow-up. 
Figure 2a-d shows Kaplan Meier survival analysis. The cumulative LR-free proportion 
was 96% (95% CI 94–98) at three years for the total cohort. Three-year DFS and OS 
were 78% (95% CI 74–81) and 93% (95% CI 91–96), respectively. The LR-free, DFS and 
OS curves were also shown for each TNM-stage (Stage 0–4) specifically, in figure 2b-
d. Two-year LR rate in patients with Stage 2 and 3 disease was 3.7% (95% CI 1–7)   and 
6.0% (95% CI 3–10), respectively. 

Table 4. Oncological outcomes 

N =767 (%) 95% CI 

Follow-up in months, median [IQR] 25,5 [15-39] 
LR, actuarial rate* 

 2-year
 3-year

3.3% 
4.4% 

1.9 - 4.8 
2.5 - 6.3 

Time to LR in months, median [IQR] 13,5 [8,3-21,8] 
DFS actuarial rate* 

 2-year
 3-year

81.6% 
77.6% 

78.5 - 84.7 
73.9 - 81.2 

OS, actuarial rate* 
 2-year
 3-year

95.3% 
93.4% 

93.6 – 97.0 
91.2 – 95.7 

LR: local recurrence; FU: follow-up; DFS: disease free survival; OS: overall survival; 95% CI: 95% Confidence 
interval. 

*Actuarial rates were calculated with Kaplan-Meier survival analysis 
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Figure 1. Flowdiagram of treatment and outcome of local recurrence patients 
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Discussion 

This multicentre observational cohort study investigated LR rate in 767 patients who 
underwent TaTME for primary rectal adenocarcinoma in six centres. In this selected 
patient group, after a follow-up of more than two years, two-year LR rate was 3% 
(95% CI 2–5). Detailed analysis of 24 patients with LR revealed that there was no 
multifocal pattern of LR observed in any of those patients.  Moreover, 13 patients had 
isolated LR (without DR) and ten of those patients could be managed by salvage 
surgery, of whom eight were disease free at the end of follow-up. This suggest a 
conventional rate and pattern of LR after rectal cancer surgery that is similar to other 
TME approaches, when performed in a tertiary referral centre. The current study 
presents important data on locoregional control, at a time when the oncological 
safety of TaTME is being debated.10,12 In this complex patient cohort of 
predominantly male patients with low tumours, advanced clinical T-stages, and a 
high proportion of patients with a threatened MRF on baseline MRI, good oncological 
outcomes were achieved, not confirming the alarming learning curve data reported 
by the Dutch and Norwegians.  
Two-year LR rate after TaTME found in this study (3%) is comparable with the more 
established conventional techniques. The recently published oncological outcomes of 
the ALACART and ACOSOG trials comparing laparoscopic and open TME, show a 
cumulative incidence of LR at two years of 5.4% vs 3.1% and 4.6% vs 4.5%, 
respectively.19, 20 These trials included only patients with stage 2 or 3 rectal cancer; 
the two-year LR rate in patients with Stage 2 and 3 disease in this cohort were 3.7% 
and 6.0%, respectively. However, the higher risk at baseline of the included 
population in the present cohort should be noted. For example, patients with a 
threatened margin on baseline MRI were excluded in ALACART, while those patients 
comprised as much as 40% of our total cohort. The three-year LR rate after TME in 
the COLOR-2 trial21 was 5% in both the laparoscopic and open arm, also comparable 
to the rates in this study.  
Limited literature on LR after TaTME exists to date. Tuech et al9 showed that LR rate 
was 1.7% after 29 months follow-up undergoing ETAP (endoscopic transanal 
proctectomy) for rectal cancer in a relatively small cohort of 56 patients. Abdelkader 
et al8 found an 88% survival rate at 3 years in 25 patients undergoing TaTME, but no 
specific data on LR. Other studies have investigated oncological outcome after 
TransAnal TransAbdominal Proctosigmoidectomy (TATA).  The Bordeaux’ 
randomised trial22 showed that after a follow-up period of 60 months, there was a LR 
rate in the transanal group of  3% which was not significantly different from the 
laparoscopic group. Marks et al23 presented results of 373 patients and found an 
overall LR of 7.4% after a mean follow-up of 66 months. 
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Specific aspects of TaTME might hypothetically cause tumour spillage and therefore 
theoretically predispose to LR. Suboptimal rectal purse-string closure could possibly 
allow spillage, potentially leading to viable tumour cell spread, facilitated by pelvic 
insufflation as used in TaTME. Therefore, an airtight purse string and thorough rectal 
washout, seem to be key steps in order to avoid tumour dissemination. Another 
possible mechanism of LR might be a form of port-site metastasis, when transanally 
extracting a bulky specimen without the use of a wound protector. This hypothesis 
was postulated in a case report by Perdawood.24 In our cohort, four patients had a LR 
detected within two months after primary surgery, three of whom had an optimal 
pathological outcome. It remains speculative if these recurrences were directly 
related to the technique or if they were inherent to the biology of the tumour. 
One might argue the R1 rate found in this study is relatively high (8.0%) when 
comparing it to the latest rate found in the International TaTME Registry (4.0%).3 
Based on the Mercury study27, risk factors for a difficult dissection include low 
tumours, anterior location and a threatened margin at baseline. In this cohort, a 
significantly higher proportion of patients matched those risk factors in comparison 
with patients included in the International Registry, reflecting the case mix in highly 
specialised tertiary referral centres, and thus a higher R1 rate was expected. 
Moreover, registries are intrinsically potentially biased in terms of positive results. 
The current study included all consecutive cases from each centre commencing with 
the first case. In addition, complete follow-up was verified with institutional 
prospectively collected databases.  A study from Lacy et al.28 revealed that for the 
more challenging distal rectal cancers, a higher proportion of margin positivity (10%) 
after TaTME was found, in accordance with our findings.  
Amidst the international debate about the oncological outcome after TaTME, one 
has to keep in mind the initial concerns of port-site metastasis when introducing 
laparoscopic surgery for colon cancer and of common bile duct injuries when 
introducing laparoscopic cholecystectomy.29-32  Optimal surgical outcomes are 
related to both the technique and the surgeon. Unfortunately, TaTME was adopted 
by many surgeons prior to the definition of best practices. Two studies determined 
the number of cases required to achieve proficiency in TaTME and found improved 
postoperative outcomes after the first 40 patients4, while it required 45-51 cases to 
reach acceptable incidence of high-quality TME.5  
Some limitations of this study need to be highlighted. First, it should be noted that 
the follow-up time of this cohort was relatively short when reporting on oncological 
outcomes. However, considering the current worldwide concerns of LR after TaTME 
and the importance of this topic, the authors felt that there was an urgent need to 
provide the results from expert high volume centres. Moreover, from the Dutch TME 
trial and the COLOR-2 trial, we know that most LR’s will manifest within two years 
after surgery.21, 33 Secondly, only 44% (767 of 1737) patients with  rectal cancer from 
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contributing institutions underwent  TaTME between 2011-2018 , introducing the 
potential for selection bias. However, baseline characteristics of included patients 
reveal that it were not the ‘easy’ cases that were routinely selected to undergo 
TaTME, but rather represent a complex group of rectal cancer patients. Another 
limitation is that routine specimen photography by the pathologists was only 
undertaken at the single USA based centre. Also, there was no uniform surveillance 
protocol across the different units, but all surveillance protocols were justifiable ways 
to pick up any LR at an early stage and do not differ from protocols after 
laparoscopic, robotic or open TME surgery. Even though these data originate from 
expert centres, unfortunately study design failed to include registration of potential 
risk factors for LR in the operative reports, such as purse string failure and rectal 
washout. Additional limitations included the inconsistent reporting of  the presence 
of EMVI on baseline MRI and the tumour regression grade. Improved registration and 
reporting of these factors is warranted. Another limitation of our study is the absence 
of a comparative cohort of patients who underwent conventional TME. Although the 
long-term outcomes of the COLOR-3 trial34 will provide more definitive results, these 
outcomes are not expected for at least five years. Lastly, our results might not be 
globally reproducible due to volumes, training, and individual surgeon skills.   
Despite the above limitations, this study including selected patients, describes 
important intermediate term oncological outcomes specifically focusing on LR. It 
provides a detailed overview on the incidence and pattern of LR. Considering this 
complex patient cohort, two-year LR rate of 3% supports the oncological safety of 
TaTME for rectal cancer, when performed at a tertiary referral centre. Most 
importantly, this study does not confirm the oncologic concerns on the TaTME 
technique raised by the Norwegian and Dutch learning curve data.  
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Supplement table 1a. Details of local recurrence patients: initial procedure and pathology 

Patient Sex Age Tumou
r 
Height
^ 

Anterior  
location 

threatened 
MRF 

NAT mTRG  Procedure Complications pTNM-
stage 

Composite 
optimal 
pathology~ 

EMVI/ 
Ly / V 

1 M 70 y 2 cm No No CRT u LAR CD 1: low 
potassium 

ypT3cN1M0 Non-optimal 
(incomplete 
TME) 

+ / - / 
+ 

2 M 72 y 7 cm No No CRT 1 LAR none ypT3N0M0 Optimal - / - / -
3 M 68 y 1 cm No Yes CRT 3 LAR none ypT3N0M0 Optimal - / - / -
4 M 54 y 7 cm No u No na Proctocolectomy  none ypT3N0M0 Optimal - / - / -
5 M 45 y 6 cm Yes Yes CRT 5 Proctocolectomy 

for Lynch 
none ypT4N1M0 Optimal + / - / -

6 M 66 y 6 cm No No No na LAR none pT3N0M0 Optimal - / - / -
7 M 59 y 2 cm Yes No No na LAR CD 3: AL pT3N0M0 Optimal - / - / -
8 M 59 y 4 cm Yes No No na LAR none pT3N2M0 Optimal - / - / -
9 M 48 y 1 cm Yes Yes SCRT-d 2 LAR none ypT3N1M0 Non-optimal 

(R1; CRM+, 
DRM+) 

- / - / -

10 M 68 y 0 cm Yes Yes No na LAR CD 2: fever and 
ileus 

pT3N0M0 Optimal u / + /
+ 

11 M 51 y 0 cm No No CRT 3 LAR CD 3: AL ypT3N1M0 Optimal u / + /
+ 

12 F 58 y 2 cm No u CRT 3 LAR none ypT0N0 Optimal u / - / -
13 F 64y 1 cm Yes No CRT u isAPE None ypT2N0M0 Optimal - / + / 

u 
14 M 39y 0 cm No Yes CRT u isAPE None ypT3N2M0 Non-optimal 

(incomplete 
TME) 

+ / u /
u 

15 M 67y 1 cm No No CRT u LAR CD 2: fever ypT3N2M0 Non-optimal 
(R1; CRM+) 

- / + / 
u 

16 M 53y 3 cm Yes Yes CRT u LAR None ypT3N1M0 Non-optimal - / + / 
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(R1; CRM+, 
DRM+) 

u 

17 M 49y 3 cm Yes No CRT u isAPE CD 2: urinary 
retention 

ypT3N1M0 Optimal - / u /
u 

18 M 42y 3 cm Yes No CRT u LAR None ypT3N0M0 Optimal + / - / 
u 

19 F 63y 1 cm No No No na LAR CD 2: fever and 
urinary retention 

pT2N0M0 Optimal + / - / 
u 

20 M 69y 3 cm Yes No CRT u LAR None ypT3N1 Optimal - / + / 
u 

21 M 66y 1 cm Yes Yes CRT u APE CD 2: AF ypT3N0 Optimal + / - / 
u 

22 M 65y 8 cm Yes No CRT 1 LAR CD 1: urinary 
retention 

ypT3N2M1 
(liver) 

Optimal + / + / 
+ 

23 M 48y 6 cm Yes No No na LAR None pT2N0M0 Optimal + / + / 
u 

24 M 32y 0 cm No u CRT u LAR None ypT3N2 Optimal u / u / 
u 

^  Tumour height from anorectal junction 
~  Composite optimal pathology: R0 (CRM- and DRM-) and complete or nearly complete TME specimen and no perforations 
u Unknown 
na  Not applicable 

MRF: Mesorectal fascia, defined as threatened if the distance of tumour or malignant lymph node to the mesorectal fascia was 1 mm or less; NAT: neo-adjuvant therapy; 
SCRT-d: Short course radiotherapy (with delayed surgery); CRT: Chemoradiotherapy; mTRG: Tumour Regression Grade; LAR: Low anterior resection; isAPE: 
intersphincteric Abdominoperineal excision; CD: Clavien-Dino classification; AF: atrial flutters; pT-stage: pathological tumour stage; pN-stage: pathological nodal stage; 
TME: Total mesorectal excision; R1: Tumour or malignant node 1mm or less from the resection margin; CRM: Circumferential resection margin; DRM: Distal resection 
margin; EMVI: extramural vascular invasion.  
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Supplement table 1b. Details of local recurrence patients: diagnosis and treatment 

Patient Location Time to 
LR 
months 

LR 
detected by 

Biopsy 
proven 

Distant 
metastasis 
(simult.) 

Initial 
treatment 

Surgical 
resection 

R-status EMVI/ 
Ly / V 

Adjuvant 
treatment 

Current 
status 

1 Lateral left 8 CT No  CRT Open pelvic 
exenteration 

u u / u /u None Died (DR 5m 
after LR) 

2 Lateral right 15 PET Yes Chemo  No na na na Alive with 
disease 

3 Posterior 
+ sacrum and
nerves 

41 MRI No RT No na na na Alive with 
disease 

4 Posterior 13 MRI Yes Yes Chemo No na na na Alive with 
disease 

5 Central  1 MRI Yes Yes Chemo No na na na Died  
6 Central – 

anastomotic 
33 Endoscopy Yes No CRT Lap. TAMIS APE R0  Disease free 

7 Lateral right 6 PET No Chemo Lap. right iliac 
lymphnode 
dissection 

R0 None Disease free 

8 Lateral left 5 PET No CRT Lap. left iliac and 
obturator 
lymphnode 
dissection 

R0 None Disease free 

9 Central – 
anastomotic 

9 Endoscopy Yes No None lap APE R0 u / u /- None Disease free 

10 Posterior 14 CT Yes Chemo No na na na Died  
11 Posterior 12 CT Yes Chemo No na na na Alive with 

disease 
12 Central – 

anastomotic 
2 EUA Yes Yes None TAMIS resection R0 u / u /u None Alive with 

disease 
13 Lateral left - 

posterior 
18 MRI, CT No No Chemo APE R0 - / - / - None Disease free 

14 Posterior 11 MRI, CT No Yes Chemo No na na na Alive with 
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disease 
15 Posterior 9 MRI, CT No No None APE R1 + / + / + Chemo Alive with 

disease 
16 Central – 

Anastomotic 
16 MRI, CT Yes Yes Chemo  Pelvic 

exenteration 
R1 + / - / u Chemo Alive with 

disease 
17 Lateral right 2 Examination 

for closure 
stoma 

No No None Local excision R0 - / - / - Chemo Disease free 

18 Lateral left 22 MRI, CT No No None APE R0 - / - / - None Disease free 
19 Lateral right - 

posterior 
36 MRI, CT No No Chemo  No na na na Alive with 

disease 
20 Lateral left 27 CT  Yes No Chemo Pelvic 

exenteration 
R1 u / u /u Chemo Disease free 

21 Lateral right 21 MRI, CT and 
PET 

No No Chemo No na na na Alive with 
disease 

22 Posterior 
(sacrum) 

25 MRI, CT No Yes Chemo  No na na na Died 

23 Central 21 PET No Yes Chemo Local Excision R0 u / u /u None Alive with 
disease 

24 Posterior 
(sacrum) 

10 PET and 
MRI 

Yes Yes CRT No na na na Alive with 
disease 

LR: Local recurrence; CT: Computed Tomography; MRI, Magnetic Resonance Imaging; PET: Positron Emission Tomography; EUA: Exam under anaesthesia; RT: 
Radiotherapy; APE: Abdominoperineal excision; TAMIS: Transanal minimal invasive surgery; R1: Tumor or malignant node 1mm or less from the resection margin; EMVI: 
extramural vascular invasion. 
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Abstract 

Background: 
The oncological safety of transanal total mesorectal excision (TaTME) for rectal 
cancer has recently been questioned  with high local recurrence (LR) rates  reported in 
Dutch and Norwegian experiences.  The current study aimed to evaluate the 
oncological safety of TaTME in a large cohort of patients with primary rectal cancer, 
primarily in terms of LR and disease-free- and overall survival. 

Methods:  
This was a prospective international-registry cohort study. The results of all patients 
who underwent TaTME for primary rectal adenocarcinoma between February 2010 
and December 2018 were retrieved from the international TaTME registry on 
February 13th 2020. Centres were excluded if >10% of their cases had 1 or more 
missing values for the main outcome parameters. The main endpoints were 2-year LR 
rate, pattern of LR, and independent risk factors for LR. Secondary endpoints 
included 2-year disease-free and overall survival rates (DFS and OS). Kaplan-Meier 
survival analysis was used to calculate actuarial LR-, DFS- and OS rates. 

Results:  
A total of 2803 primary TaTME cases were included, predominantly males (71%) with 
a median age of 65 years [IQR 57 – 73]. After a median follow-up of 24 months [IQR 12 
– 38], two-year LR rate was 4.8% (95% CI 3.8 – 5.8) with a unifocal LR pattern  in
99/103 patients (96%). Independent risk factors for LR were male sex, threatened
resection margin on baseline MRI, stage III, and a positive circumferential resection
margin on final histopathology. Two-year DFS and OS were 77% (95% CI 75 – 79) and
92% (95% CI 91 – 93), respectively.

Conclusion: 
This large international registry supports the oncological safety of the TaTME 
technique, with  an acceptable 2-year LR rate, and predominant unifocal LR pattern. 
Randomised studies are warranted to support the benefits of TaTME compared with 
alternative approaches for rectal cancer excision.  
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Introduction 

Rectal cancer surgery, based on  total mesorectal excision (TME) principles1 remains a 
surgically challenging procedure  irrespective of the surgical approach. Anatomic 
restrictions within the bony pelvis impact on  performance of a meticulous cancer 
dissection and thus may impair oncological outcomes, particularly for locally 
advanced lower rectal cancers  in male patients.2-4 A laparoscopic rectal cancer 
operation results in  short term patient benefits,  though  widespread adoption of 
laparoscopic rectal excision remains at low rates overall and oncological non-
inferiority compared with  open rectal cancer surgery is still uncertain.5, 6 The clinical 
need to mitigate challenges in rectal cancer surgery, together with surgical 
innovation, have led to the development of transanal total mesorectal excision 
(TaTME). This technique was first performed in a live patient in 2009 and has gained 
rapid adoption in selected centres.7  
The addition of a transanal phase to a pure abdominal TME approach  was 
hypothesised to improve  visualisation and optimise  dissection , particularly in low 
rectal cancer, improving the  quality of the TME specimen. This would optimise  
oncological outcomes  and in particular lead to a reduction  in local recurrence (LR) 
rates.8 Histopathological results for TaTME have been favourable in many reported 
studies9-11, but the exact role, and benefits for, TaTME in rectal cancer  has recently 
been contentious.12, 13 Contemporary publications  on the learning curve data from 
Dutch and Norwegian multicentre datasets have reported  local recurrence (LR) rates 
up to 12%  and additionally a predominantly multi-focal LR pattern has added to, and 
fuelled, the controversy.14, 15 These outcomes were contradictory to  reports from 
cohort series by early adopters of the technique and publications from expert 
centres.16-19  
From an oncological perspective, overall survival and disease free survival are the key 
outcomes but local  recurrence remains  the single most important early outcome 
variable of interest after rectal cancer surgery. Careful assessment of local recurrence 
rates provides quality control of  novel operative  techniques. For these  reasons, the 
international TaTME registry was initiated  to firstly  provide data on procedural 
safety and efficacy,10, 20 and subsequently on oncological safety. The evaluation of  
disease recurrence rates after TaTME from a large dataset of patients treated for 
rectal cancer  can contribute to the paucity of information currently available and 
help to address some of the recent  controversy in the published literature on 
oncological outcomes after TaTME.  
The purpose of this report from the  prospective international TaTME registry  was to 
evaluate the oncological outcomes in  patients who underwent TaTME for primary 
rectal cancer, primarily in terms of LR and secondarily in terms of overall and disease 
free survival. 
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Methods 

Patient selection and study design 
Prospective registry-based data was analysed.  The international TaTME registry21 is 
a secure online voluntary database where surgeons record their TaTME cases, with an 
extensive collaboration incorporating  203 centres worldwide. Ethical approval for the 
registry was granted by the UK Health Research Authority and Research Ethics 
Committee (REC reference 15/LO/0499, IRAS project ID 156930). 
The registry is designed to prospectively collect data on patient demographics, 
tumour staging and neo-adjuvant treatment (NAT), operative details, postoperative 
clinical and histological outcomes, re-admission details, late morbidity, and long-
term oncologic follow-up.22 Before data extraction and analysis, collaborating centres 
were contacted individually to update oncological surveillance, with subsequent 
reminders throughout 2019, to optimise data completeness. Data extraction took 
place on February 13th 2020, after which the dataset was cleaned and surgeons were 
thereafter  contacted  individually to clarify unexpected, or possibly erroneously 
entered, results.  
All records with an operation date before 1st January 2019 were reviewed, to allow for 
a minimum follow-up period of 1 year. Centres were excluded if >10% of their cases 
had one  or more missing values for the main outcome parameters, as these centres 
were considered as not having their data accurately reported.  Other exclusion 
criteria patients with  benign  disease, completion TaTME (i.e. previous local excision 
of a malignant polyp or early rectal cancer), rectal cancer more than 10 cm from the 
anorectal junction (ARJ) , locally recurrent rectal cancer, palliative procedures, and 
any other diagnosis apart from  adenocarcinoma on final histopathology.  

Outcome parameters 
The primary  outcome of this study was 2-year LR rate.  Secondary endpoints were 
the pattern (unifocal or multicentric) of LR and assessment of independent risk 
factors for LR, as well as  2-year disease-free (DFS) and overall survival (OS) rates. 
DFS was defined as patients alive and without signs of LR and/or distant recurrence 
(DR).  OS was defined as patients alive independent of disease status. Regarding 
histopathological details, non-radical  resection margin status (R1) was defined as 
presence of tumour or malignant lymph nodes at or within 1 mm from the 
circumferential and/or distal resection margin (CRM and/or DRM) of the specimen. 
Optimal pathological outcome was defined as a composite of clear resection margin 
status (R0), complete or nearly complete TME specimen, and no rectal perforations. 
TME specimen quality was categorised as outlined by Nagtegaal, Quirke and 
colleagues.8  
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Statistical analysis 
All categorical data were presented as number of cases and percentages, whilst 
continuous data were shown as median and interquartile range (IQR). Missing data 
did not exceed 15% for each variable and percentages shown represent data 
available, excluding missing values. Independent risk factors were identified by uni- 
and multivariable cox regression analysis. . Factors with a P-value of <0.10 in 
univariable analysis were entered in multivariable cox regression analysis. Factors 
showing a P-value of <0.05 were considered significant and therefore predisposing 
for LR, presented as odds ratios (OR) and 95% confidence intervals (CI). Kaplan-Meier 
analysis was used to determine the actuarial cumulative proportion of LR, DFS and 
OS rates at 2 years from the date of surgery, censored for the patients not reaching 
the follow-up time-point. Regarding DFS, a patient with LR or DM or death at 2 years 
were included as event. The TNM-stages 1 to 4, based on the UICC 8th edition of 
TNM-classification, were compared in Kaplan Meier analysis. Data were analysed 
using the Statistical Package for Social Sciences (SPSS) of IBM Statistics, version 
25.0. 

Results 

A total of 4108 patients underwent a TaTME for malignant indication between 
February 2010 and December 2018. Of these 2803/4108 were included, after 
exclusion of completion TaTME’s (n=227), tumours above 10 cm from the ARJ (n=66), 
procedures for recurrent disease, palliative procedures,  a  diagnosis other than 
adenocarcinoma on final histopathology (n=51) and  centres where  >10% of their 
cases had one  or more missing values for the main outcome parameters (n=1001). 
Patient- and tumour characteristics, and operative details  are presented in Table 1. 
Seventy-one percent of the patients were male , and the mean age of the whole 
cohort  was 65 [IQR 57 – 73 years]. The median tumour height from the anorectal 
junction (ARJ) was 4 cm [IQR 2 – 6 cm]. Tumours were anteriorly located in half of the 
patients, and the mesorectal fascia (MRF) was threatened in 28%   on the staging MRI 
scan. Approximately two-thirds of patients received some form of neo-adjuvant 
treatment (NAT). After NAT, good tumour regression grade (mrTRG1-2) was 
reported in 46%. A low anterior resection (LAR) was performed in most cases (91%). 
Complete details on intra- and postoperative characteristics are provided in 
Supplemental Table 5.  
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Histopathologic outcomes 
Histopathological outcomes are depicted in Table 2. A complete TME was achieved in 
86%, while major defects of the mesorectum were found in 3%. An incomplete 
resection (R1) was present in 7% of patients, after excluding the patients with a 
complete pathological response (ypT0N0). A positive circumferential margin (CRM+) 
was found in 5.1%, a positive distal margin (DRM+) in 1.0% and a combination of both 
CRM+/DRM+ in 0.7%. A higher rate of DRM+ (5% versus 0.9%, P<0.001) and CRM+ 
(3.7% versus 1.9%, P<0.001) was observed in  patients with low tumours (<1cm from 
ARJ) compared with  patients with  tumours above 10 cm from the anal verge. A 
rectal perforation at the time of surgery was reported in 1.6% of cases. An optimal 
pathological outcome was achieved in 90% of patients, and was defined as a 
complete, or nearly complete, TME specimen with clear resection margins and no 
specimen perforation. 

Table 1. Patient- and tumour characteristics 

Total cohort 
N= 2803 

Patient characteristics 
Male gender 1991/2803 (71.0) 
Age in years, median [IQR] 65 [57 – 73] 
ASA ≥ 3 640/2760 (23.2) 
BMI in kg/m2, median [IQR] 

 ≥ 30
25,8 [23,3 – 28,9] 

504/2708 (18.6) 
Previous pelvic RT 
Previous hysterectomy 
Previous prostatectomy 

25/2803 (0.9) 
88/2803 (3.1) 
44/2803 (1.6) 

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

 ≤ 1 cm
4 [2 – 6] 

583/2778 (21.0) 
Anterior and/or circumferential tumour 1211/2431 (49.8) 
MRI performed 2614/2803 (93.3) 
cT-stage on baseline MRI 

 T1
 T2
 T3
 T4
 Tx

75/2442 (3.1) 
620/2442 (25.4) 

1544/2442 (63.2) 
176/2442 (7.2) 

27/2442 (1.1) 
cN-stage on baseline MRI 

 N0
 N1
 N2

1043/2570 (40.6) 
1047/2570 (40.7) 

446/2570 (17.4) 
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 Nx 34/2570 (1.3) 
cM1-stage 231/2750 (8.4) 
Threatened MRF on baseline MRI 654/2377 (27.5) 
EMVI on baseline MRI 304/1126 (26.9) 
Received neo-adjuvant therapy (NAT) 

 SC-RT – immediate surgery
 SC-RT – delayed surgery
 LC-RT
 CRT
 Chemotherapy only
 Contact RT

1746/2803 (62.3) 
151/2803 (5.4) 

71/2803 (2.5) 
116/2803 (4.1) 

1313/2803 (46.8) 
56/2803 (2.0) 

3/2803 (0.1) 
mTRG response on re-staging after downsizing NAT* 

 mTRG 1/2 (good response)
 mTRG 3 (intermediate response)
 mTRG 4/5 (poor response)
 Not reported/missing

493/1082(45.6) 
359/1082 (33.2) 
230/1082 (21.2) 
510/1592 (32.0) 

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; cM1-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; 
EMVI: extramural vascular invasion; SC-RT: Short course-radiotherapy; LC-RT: Long Course Radiotherapy; 
CRT: Chemoradiotherapy; Contact RT: Contact radiotherapy; mTRG: Tumour Regression Grade on re-
staging MRI. 
*mrTRG was only given for patients who received downsizing neo-adjuvant therapy. Downsizing neo-
adjuvant therapy was considered as all types of NAT excl SC-RT immediate surgery and contact RT (N= 
1746-154= 1592) 

Table 2. Histopathological outcomes 

Total cohort 
N= 2803 

(y)pT-stage
 T0
 T1
 T2
 T3
 T4
 Tx

304/2767 (11.0) 
293/2767 (10.6) 
872/2767 (31.5) 

1213/2767 (43.8) 
77/2767 (2.8) 
8/2767 (0.3) 

(y)pN-stage
 N0
 N1
 N2
 Nx

1886/2764 (68.2) 
586/2764 (21.2) 
281/2764 (10.2) 

11/2764 (0.4) 
No residual tumour and nodes 279/2767 (10.1) 
pEMVI 254/1293 (19.6) 
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TME specimen 
 Complete
 Nearly complete
 Incomplete

2280/2644 (86.2) 
285/2644 (10.8) 

79/2644 (3.0) 
R1 (excluding no residual tumour and nodes) 

 Only DRM+
 Only CRM+
 DRM+ and CRM+

170/2469 (6.9) 
25/2469 (1.0) 

125/2469 (5.1) 
17/2469 (0.7) 

Rectal perforations 41/2624 (1.6) 
Composite optimal pathology 2303/2568 (89.7) 

(y)pT-stage: Pathological tumour stage; (y)pN-stage: Pathological nodal stage; TME specimen: Total 
mesorectal excision specimen; R1: Irradical resection margin, defined as tumour or malignant lymph nodes 
at or within 1mm from the resection plane; DRM+: Positive distal resection margin; CRM+: Positive 
circumferential resection margin; Composite optimal pathology: CRM- and DRM- and complete or nearly 
complete TME specimen and no perforations 

Local recurrence  
After a median follow-up of 24 months [IQR 12 – 38], actuarial 2-year LR rate was 
4.8% (95% CI 3.8 – 5.8) (Table 3). This rate varied from 2% (95%CI 0.9 – 3.0) for TNM-
stage 1, up to 11% (95% CI 6 – 16) for TNM-stage 4 (Figure 1b). The median time to 
detection of LR was 14 months [IQR 9 – 24]. LR was mostly located pre-sacral (30%), 
at the anastomotic site (25%) or lateral pelvic side wall (23%). A multifocal pattern 
was reported in 4%.  LR presented without signs of distant metastasis in 60% of cases  
and 66% of these isolated LR’s were treated by salvage surgery. 
Independent risk factors for local recurrence in multivariate cox regression analysis 
were male sex (OR 1.6; 95% CI 1.1-2.5; P=0.029), a threatened MRF on baseline MRI 
(OR 1.5; 95% CI 1.1-2.3 ; P=0.024), (y)pN1-2 stage (OR 2.1; 95% CI 1.5-3.0; P<0.001) 
and pCRM+ (OR 2.3; 95% CI 1.3-3.9; P=0.004) (Table 4). Other pathological outcomes 
such as TME quality, rectal perforation and DRM+ were significantly associated with 
LR on univariate analysis, but  not on multivariate analysis. .  

Survival 
Two-year actuarial DFS was 77% (95% CI 75 – 79). This rate varied from 89% (95%CI 
89 – 92) for TNM-stage 1, to 34% (95% CI 26 – 41) for TNM-stage 4. (Figure 1c, 1d) 
Two-year actuarial OS was 92% (95% CI 91 – 93). This rate ranged from 96% (95%CI 
95 – 98) for TNM-stage 1 cases to 72% (95% CI 65 – 80) for TNM-stage 4. (Figure 1e, 
1f) 
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Table 3. Oncological outcomes 

Total cohort 
N= 2803 

Follow-up in months, median [IQR] 24 [12 – 38] 
2-year LR (95% CI)*

 TNM-I
 TNM-II
 TNM-III
 TNM-IV

4.8 (3.8 – 5.8) 
1.9 (0.9 – 3.0) 
3.9 (2.1 – 5.8) 

8.2 (5.5 – 10.9) 
11.1 (6.1 – 16.0) 

Time to LR in months, median [IQR] 14 [9 – 24] 
Location of LR 

 Anterior
 Pre-sacral
 Inferior
 Lateral (pelvic sidewall)
 Central
 Anastomotic
 Multifocal
 Missing

101/122 
11/103 (10.7) 
31/103 (30.1) 

4/103 (3.9) 
24/103 (23.3) 

3/103 (2.9) 
26/103 (25.2) 

4/103 (3.9) 
18/121 (14.9) 

2-year DFS (95% CI)*
 TNM-I
 TNM-II
 TNM-III
 TNM-IV

76.6 (74.7 – 78.5) 
89.2 (86.8 – 91.6) 
79.9 (76.0 – 83.8) 
66.1 (62.1 – 70.2) 
33.6 (26.2 – 41.1) 

2-year OS (95% CI)* 
 TNM-I
 TNM-II
 TNM-III
 TNM-IV

91.9 (90.7 – 93.2) 
96.1 (94.7 – 97.5) 
93.2 (90.9 – 95.4) 
89.8 (87.0 – 92.6) 
72.3 (65.1 – 79.5) 

IQR: Interquartile range; LR: Local recurrence; TNM-classification: UICC 8th edition; CI: Confidence interval; 
DFS: Disease-free survival; OS: Overall survival  
*LR, DFS and OS rate represents the actuarial rate and was calculated by Kaplan-Meier survival analysis,
encounting for patients not reaching the two-year follow-up time point. 
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Table 4. Uni- and multiltivariate cox regression analysis risk factors for local 
recurrence 

Variable Univariate analysis 
OR (95% CI)       P-value

Multivariate analysis 
OR (95% CI)        P-value

Male sex 1.53 (0.10-2.34) 0.052 1.62 (1.05-2.45) 0.029 
BMI ≥30 1.22 (0.79-1.90) 0.371 
MRF threatened 1.92 (1.34-2.75) <0.001 1.54 (1.06-2.25) 0.024 
Distance ARJ ≤ 1 cm 1.43 (0.90-2.28) 0.126 
Anterior tumour 1.06 (0.74-1.51) 0.747 
NAT 1.03 (0.71-1.48) 0.887 
APE 1.14 (0.60-2.17) 0.696 
Open abdominal 
approach 

2.79 (1.03-7.57) 0.044 2.40 (0.87-6.59) 0.090 

Adverse event intra-
op 

1.09 (0.64-1.88) 0.746 

(y)pT4 2.76 (1.35-5.66) 0.005 1.44 (0.67-3.12) 0.352 
(y)pN1-2 2.31 (1.62-3.30) <0.001 2.12 (1.48-3.04) <0.001 
Rectal perforation 2.38 (0.88-6.46) 0.088 0.96 (0.29-3.20) 0.949 
TME quality major 
defects 

2.23 (1.04-4.78) 0.040 1.77 (0.72-4.33) 0.213 

pCRM+ 3.83 (2.37-6.19) <0.001 2.27 (1.31-3.94) 0.004 
pDRM+ 3.29 (1.45-7.48) 0.004 1.99 (0.84-4.72) 0.121 

*after single imputation of BMI, MRF threatened, tumour height from ARJ, anterior tumour, NAT, APE, 
Abdominal approach, (y)pT-4 stage, (y)pN1-2 stage, rectal perforation, TME quality, CRM and DRM status 
and adjuvant therapy. 

Discussion 

The two year LR rate in this large cohort of patients in a prospective international 
registry who underwent TaTME for rectal cancer  was 5%. This is by far  the  largest 
cohort reported to date and LR was generally unifocal with few  multifocal LR 
presentations at  a median follow-up period of 2 years. These findings are in sharp 
contrast to  data from a Norwegian national audit, with an estimated LR rate at 2.4 
years of 11.6% and multifocal- or extensive pattern of LR in two-thirds of patients.15 
As a consequence of these poor outcomes, TaTME was  abandoned in Norway.  
Similarly, poor  results were reported in a Dutch study on implementation of TaTME 
through a national training program.14 In the first 10 cases from 12 centres, a crude LR 
rate of 10% was reported with a similar pattern of multifocal recurrence in 8 out of 
the 12 patients with LR.  
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 A number of other studies from early adopters of TaTME reported  good  oncological 
outcomes with regard to pelvic recurrence, similar  to  the findings in this study. Hol 
et al16 published a 2% three-year LR rate in 159 TaTME cases, with no multifocal 
pattern of LR and Kang et al23 reported a 6.2% LR rate after a median follow-up of 35 
months in 211 TaTME cases. Outcomes on 767 patients from 6 tertiary referral 
centres were reported by Roodbeen et al,18 with  two-year LR rate of 3.3% and  no 
multifocal pattern of LR reported. Similarly, Perdawood et al17 reported a 4.7% LR 
rate after  120 TaTME procedures with a multifocal LR pattern in 1.5%. More recently, 
Simo et al,19 published outcomes after  173 TaTME cases from 10 Chinese centres 
with  a LR rate of 3% after a median follow-up of 23 months. 
The findings in the current  study compare well with published two-year LR rates  
after laparoscopic- and open TME. The ACOSOG and ALaCaRT randomised trials 
report  a 4.6% and 5.4% LR rate for laparoscopic TME, and a 4.5% and 3.1% rate for 
open TME, respectively.5,6 Both these trials also used a composite endpoint of 
pathological factors indicating adequate surgical resection and adequate resection  
was achieved in 81.7% and 82% of patient treated by  laparoscopic TME, and in 86.9% 
and 89%  after open TME, in the ACOSOG and ALaCaRT trials, respectively.24, 25 In 
the current  study, the composite endpoint, indicating an adequate resection was 
achieved in 90%, suggesting more precise surgery compared with  the laparoscopic 
groups in the above trials and similar results to patients treated by  open surgery. 
However, caution is called for in comparisons with randomised controlled trials  given 
the known limitations of registry based data collection and analysis.26 However the  
strict inclusion  and exclusion criteria in  randomised controlled trials might result in 
lower external validity and difficulty in applying findings to population experience.27   
Population-based studies, reflecting routine  rectal cancer surgery may  therefore, be 
a better benchmark, although long-term outcomes from national audits are limited 
and somewhat outdated. A Dutch Snapshot study28 included all TME procedures 
(n=2095) performed in 2011reported a three-year LR and DFS of 6% and 67% 
respectively, while the Norwegian national colorectal audit29 reports a 5-year LR rate 
ranging from  4 to-5% for the period 2010-2018 in patients with stage I-III rectal 
cancer. In a Swedish population-based study,30 including 2318 patients undergoing 
TME between 1995-2003, the LR rate was 6%.  A Korean study by Yun et al31 reported  
a 6% LR rate in 2485 patients with rectal cancers treated between 1994 and 2008. 
The results of the present study are in line with these large registry-based data, 
suggesting that TaTME results in equivalent or superior  local disease control.  
The most strongest independent risk factor for LR was an involved circumferential 
resection margin (CRM+), with an OR of 2.27 (95% CI; 1.31 -3.94). The other individual 
components of the composite endpoint of optimal pathology, or adequate surgical 
resection, were significant on univariate analysis but  not independent predictors for 
LR on multivariate analysis. It has previously been well demonstrated that CRM+ 
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after TME is one of the most important predictors for LR.8 It is therefore not 
surprising that such a high LR rate was reported in the Norwegian national cohort, 
given that the CRM+ rate was  13%. This  high CRM+ rate for TaTME and a rectal 
perforation rate of 4.4% reflects overall inadequacy of surgery in this national cohort 
publication. 
However, this finding does not entirely explain  the high LR rate (10%) in the Dutch 
cohort, as the Dutch reported a low CRM+ rate of 5%, nor does CRM positivity  
provide an explanation for the multifocal pattern of LR in both cohorts. 
Unfortunately, in the multivariate model, we could not include possible unknown 
mediators for LR that are causally related to the TaTME technique itself. For 
example, tumour spillage might occur when the purse string fails , or it may be that 
omitting  rectal washout and high insufflation pressures, may enhance a multi-focal 
spread of viable malignant cells. Detailed analysis of the TaTME technique, such as by 
systematic video-analysis, would be needed to carefully evaluate this hypothetical 
mechanism. Furthermore,  the data from the Dutch cohort suggests, although not 
providing definitive prove, that multifocal LR might be a consequence of technical 
problems early on in the learning curve. In the larger  cohort of the Dutch dataset of 
266 patients,14 the overall LR rate reduced to 5.6%  and to  4% after excluding the 
first 10 procedures at each centre. Surprisingly,  surgeons selected patients with a 
threatened resection margin very early on in their experience, and according to the 
findings in this study, this should not be attempted in the early stages of the learning 
curve.  
This prompts the question whether the widespread ,and rapid, adoption of the 
TaTME technique was actually safe, and whether patients should be referred to a few 
specialist centres who have mastered the technique rather than exposing patients to  
surgeons and centres with less experience. It seems crucial to control the 
implementation of TaTME, by mandating a structured training program and 
incorporating a sufficient case-load under the supervision of an experienced proctor, 
before commencing independent practice of TaTME.32  
In this study, multifocal LR was  very uncommon. The  common sites of recurrence 
were pre-sacral, lateral (pelvic sidewall) or around the anastomosis. A report on  the 
patterns of LR after  rectal cancer surgery in the Dutch TME trial33 reported  that pre-
sacral recurrence was the most common. Moreover, the risk of LR was reduced by 
radiotherapy, primarily in preventing anastomotic recurrence with the exception of 
patients where the DRM was less than 5mm after LAR. In addition  APR mainly 
resulted in pre-sacral LR, which may be reduced by a more extensive resection.  In the 
current  study, such associations could not be demonstrated. 
The current study  has  limitations. The main limitation is that the data reported is  
from a voluntary registry. This introduces the potential for selection and reporting 
bias, as not all surgeons performing TaTME contribute  to the registry and centres 
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that  contribute, might not record all cases. Additionally, there is currently no formal 
external validation process and the accuracy  relies on collaborators probity. We have 
attempted to increase data accuracy by requesting surgeons to update their data on 
the registry prior to data extraction and  by contacting surgeons individually in 
situations of unexpected, or possibly erroneously entered, data, and by excluding 
centres with >10% of cases with missing outcome variables. Moreover, local 
proceedings and protocols  including  surgical resection details, histopathological 
assessment, oncological follow-up protocols, etc may vary  between the 
collaborating centres  thereby reducing quality assurance. Lastly, not all relevant 
factors were accurately reported, such as EMVI status, which is why we could not as 
this factor to the multivariate model. However, despite these limitations, this registry 
study provides the largest international TaTME cohort reporting on oncological 
outcomes, and includes surgeons and centres at all stages of their learning curve 
experience , thereby providing real-world global evidence.  

Conclusion 

The findings of this prospective registry study support the oncological safety of the 
TaTME technique in surgeons participating in the registry. The reassuring results 
expand on  the paucity  of results published and address some of the controversies  in 
the published literature on pelvic recurrence rates and pattern of recurrence after 
TaTME. Future studies should focus on understanding the pattern and mechanism of 
LR after TaTME.32 Definitive answers on the oncological safety of TaTME compared  
with  laparoscopic TME will  be demonstrated in outcomes of  the COLOR-III trial and 
GREACCAR-11 trials.34, 35 Technique, training and experience are pivotal in TaTME 
similar to all operative procedures for rectal cancer. 
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Table 5 (supplemental). Peri-operative details 

Total cohort 
N= 2803 

Procedure 
 LAR
 APE
 isAPE
 Proctocolectomy
 Other

2555/2795 (91.4) 
76/2795 (2.7) 

131/2795 (4.7) 
26/2795 (0.9) 

7/2795 (0.3) 
Anastomosis created 2560/2776 (92.2) 
Defunctioning stoma (if anastomosis) 2188/2497 (87.6) 
Two-team procedure 1498/2797 (53.6) 
Operative time in minutes, median [IQR] 260 [190 – 326] 
Abdominal approach 

 Open
 Conventional laparoscopy
 SILS
 Robotic

42/2752 (1.5) 
2451/2752 (89.1) 

243/2752 (8.8) 
16/2752 (0.6) 

Conversion 
 Abdominal*
 Perineal**

124/2584 (4.8) 
58/2575 (2.3) 

Adverse events (intra-operative) 
 Pursestring failure
 Bleeding
 Incorrect plane
 Urethral injury
 Other visceral injury

330/2797 (11.8) 
70/2797 (2.5) 

135/2797 (4.8) 
131/2797 (4.7) 
20/2797 (0.7) 
 19/2797 (0.7) 

Hospital stay in days, median [IQR] 8 [5 – 13] 
Morbidity <30 days 1124/2604 (43.2) 
Clavien-Dindo <30 days 

 1
 2
 3
 4
 5

264/2604 (10.1) 
445/2604 (17.1) 
354/2604 (13.6) 

33/2604 (1.3) 
28/2604 (1.1) 

LAR: Anterior resection; APE: Abdominoperineal excision; isAPE: intersphincteric abdominoperineal 
excision; SILS: Single incision laparoscopic surgery. 
*Abdominal conversion was defined as a procedure that was started with the intention to perform a 
minimal invasive abdominal dissection but required a midline laparotomy 
**Perineal conversion was defined as a change in operative approach from transanal to a more extensive 
abdominal approach than initially planned.
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Abstract 

Background: 
For patients with mid and distal rectal cancer, robust evidence on long-term outcome 
and causal treatment effects of transanal total mesorectal excision (TaTME) is 
lacking. This multicentre retrospective cohort study aimed to assess whether TaTME 
reduces locoregional recurrence rate compared to laparoscopic total mesorectal 
excision (LapTME). 

Methods: 
Consecutive patients with rectal cancer within 12 centimetres from the anal verge 
and clinical stage II-III were selected from three institutional databases. Outcome 
after TaTME (Nov 2011 - Feb 2018) was compared to a historical cohort of patients 
treated with LapTME (Jan 2000 - Feb 2018) using the inverse probability of treatment 
weights method. The primary endpoint was three-year locoregional recurrence.  

Results: 
A total of 710 patients were analysed, 344 in the TaTME group and 366 in the LapTME 
group. At three years, cumulative locoregional recurrence rates were 3.6% (95% CI, 
1.1-6.1) in the TaTME group and 9.6% (95% CI, 6.5-12.7) in the LapTME group 
(HR=0.4; 95% CI, 0.23-0.69; p = 0.001). Three-year cumulative disease-free survival 
rates were 74% (95% CI, 69-80) and 69% (95% CI, 64-74) (HR=0.8; 95% CI, 0.7-1.0; 
P=0.078) and three-year overall survival 87% (95% CI, 83-92) and 82% (95% CI, 78-86) 
(HR=0.7; 95% CI, 0.5-1.0; P=0.077), respectively. In patients who underwent sphincter 
preservation procedures, TaTME was associated with a significantly better disease-
free survival (HR=0.8; 95% CI, 0.6-0.1; P=0.033). 

Conclusions:  
These findings suggest that TaTME may improve locoregional recurrence and 
disease-free survival rates among patients with mid and distal locally advanced rectal 
cancer. 
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Introduction 

Each year, 125.000 new cases of rectal cancer are diagnosed in the European Union1  
and mortality ranges between 4 and 10 per 100.000 each year. The therapeutic 
approach to rectal cancer is eminently multidisciplinary, but surgery remains the 
main cornerstone for cure. For mid- and low rectal tumours, total mesorectal excision 
(TME) along embryological-specific planes is the standard surgical treatment.2 An 
intact specimen based on the principles of TME grading, the circumferential resection 
margin, and the distal resection margin have become the most critical factors in 
predicting the risk of locoregional recurrence and long-term survival.3-5  
Primary rectal cancer surgery can be performed through an open, laparoscopic, 
robotic, or transanal approach. The oncological superiority of one approach over the 
other is still a topic of debate. A recent meta-analysis showed that the risk of a 
suboptimal TME specimen is higher with laparoscopy compared to open surgery.6 
The transanal TME (TaTME) was developed to improve patient outcomes and the 
quality of the dissection, which is believed to be especially significant in mid- and low 
rectal tumours. Studies published to date have reported mesorectal excision 
completeness rates as high as 93% to 96%, and an even significantly higher rate of 
complete and near-complete mesorectal excisions compared to conventional 
laparoscopic TME (LapTME).7-9 These clinical findings suggest that TaTME is a highly 
promising technique, although the translation of this data into improved mid- and 
long-term oncological outcomes has yet to be proven. Unexpectedly, a recent study 
reported a pattern of rapid and multifocal locoregional recurrence after TaTME.10 
Therefore, this multicentre international study was designed with the goal of 
comparing the three-year oncological outcome of patients with primary locally 
advanced rectal cancer treated with TaTME and LapTME in three high-volume rectal 
cancer centres.  

Methods 

Study Population 
Data were obtained from one Spanish centre, the Hospital Clinic of Barcelona, and 
two Dutch centres, the Gelderse Vallei Hospital and the Amsterdam UMC at AMC. 
LapTME was first introduced at the Hospital Clinic in 1994. In November 2011, TaTME 
became the standard of care for all patients presenting with rectal cancer that did not 
require abdominoperineal resection or pelvic exenteration. In February 2017, the 
transanal approach became standard for patients requiring an abdominoperineal 
resection. Gelderse Vallei Hospital is a high-volume rectal cancer institution in which 
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TaTME was first used in 2012. At the Amsterdam UMC TaTME became the standard 
procedure for patients presenting with mid- and low rectal cancer from 2014 
onwards. All patients with histologically proven rectal adenocarcinoma treated by 
TaTME were prospectively registered in a local standardised database or in the 
International TaTME Registry.11 Consequently, a multicentre database was created, 
which included the TaTME cohort and a cohort of patients treated by LapTME 
between January 2000 and February 2018, through a retrospective analysis of clinical 
records. All three hospitals used TaTME as a standard procedure for patients with 
mid- and low rectal cancer until their recent participation in the COLOR III trial, a 
randomised study in which participants are allocated to either TaTME or LapTME.12  
For this analysis, adult patients with a solitary locally advanced rectal 
adenocarcinoma, according to the ACOSOG Z6051 definition13 (cT3-/cT4-stage, or 
cN1-/cN2-stage with any cT-stage) detected by magnetic resonance imaging (MRI) 
with or without transrectal ultrasonography, within 12 centimetres of the anal verge 
treated with TaTME or LapTME were included. The exclusion criteria were: patients 
with cTisN0 or cT1-2N0; pelvic malignancy within five years; severe, incapacitating 
disease, i.e. American Society of Anaesthesiologists (ASA) classification IV-V; 
procedures performed in an emergency setting; tumours previously treated by local 
excision; unknown cT- or cM-stage; metastatic tumours (M1); synchronous tumours; 
active Crohn’s or ulcerative colitis; familial risk-colorectal cancer syndromes; and 
patients with 30-day mortality when it was judged to have occurred as a direct result 
of a major active postoperative complication, which is not of primary interest. The 
Institutional Ethics Committees approved the TaTME and LapTME techniques years 
prior to this study in the three institutions noted, and the current study protocol was 
assessed and accepted by the local Institutional Review Boards. Patients provided 
written informed consent. 

Endpoints 
The primary endpoint was three-year locoregional recurrence. Secondary endpoints 
included systemic recurrence, disease-free survival, and overall survival. 

Procedures and definitions 
The specific staging, classification methods, and surgical procedures have been 
described in more detail previously.14-16 Tumours were considered high if the distal 
border of the tumour was >10 cm from the anal verge, mid if it was between 5 and 10 
cm, and low in case of a distal border <5 cm. Patients were eligible for neoadjuvant 
therapy (NAT) in cases of cT3b-dT4 or cN-positive tumours below the peritoneal 
reflection, or if the circumferential resection margin was threatened or involved, 
although other factors such as extramural venous invasion were also taken into 
account and discussed by a multidisciplinary team. The indication to receive 
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radiotherapy alone or in combination with chemotherapy was given depending on 
the institution-specific protocols. Short-course one-week radiotherapy was 
administered by 25 Gy in five daily fractions. Neoadjuvant long-course 
chemoradiotherapy was administered by continuous 5-fluorouracil (5-FU) infusion 
(225 mg/m2 for five days per week) or capecitabine (825 mg/m2 twice daily for five 
days per week), and a total dosage of 45 Gy, by a weekly dose of 9 Gy divided in five 
days each week, for a total of five weeks. The interval between completion of long-
course chemoradiotherapy and surgery was five to seven weeks at the beginning of 
the LapTME cohort recruitment, and, in accordance with current guidelines, was 
subsequently extended up to 12 weeks and associated with appropriate restaging.1  
The mesorectal specimen was analysed on the basis of four major pathological 
factors: the integrity of the mesorectum, graded following the Quirke method:  
complete, near-complete, or incomplete5; the circumferential resection margin, 
considered to be positive when the distance between the deepest portion of the 
tumour and the resection margin was ≤1 mm, or in the case of a positive lymph node 
at ≤1 mm of the radical dissection plane; the distal resection margin, considered to be 
positive if tumour cells were present ≤1 mm from the lower border of the tumour to 
the cut edge of the specimen; and the number of lymph nodes harvested. 
Pathological tumour response to neoadjuvant therapy was scored by the Ryan 
tumour regression grade (three-point TRG): TRG 1, no viable cancer cells, or single 
cells or small groups of cancer cells; TRG 2, residual cancer outgrown by fibrosis; and 
TRG 3, significant fibrosis outgrown by cancer, or no fibrosis with extensive residual 
cancer.17  

Follow-up 
Until follow-up was completed after five years, patients visited every three to six 
months during the first two years and every six to 12 months during the remaining 
three years. Visits included a history, physical evaluation with digital rectal 
examination, and determination of the carcinoembryonic antigen level. In Barcelona, 
imaging studies with thoracic and abdominopelvic CT scans were requested every six 
months during the first two years and annually during the remaining three years. In 
both Gelderse Vallei and Amsterdam UMC, imaging study was based on liver 
ultrasound, and CT scan was performed in case of suspicion of local recurrence or 
distant metastasis. Pelvic MRI and/or transrectal ultrasound-guided needle biopsy 
were requested when pelvic recurrence was suspected. Locoregional recurrence was 
defined as any recurrence in the pelvic area and had to be confirmed at least on 
imaging. 

171



Part 2 │ Chapter 9 

Statistical analysis 
Qualitative variables were expressed as absolute frequencies and percentages. 
Quantitative variables were reported as means or medians with their 95% confidence 
intervals (CI), except for follow-up periods, which were expressed as median with 
range. To allow for an unbiased comparison, an inverse probability of treatment 
weights approach was used.18 A logistic regression model was applied, including 
demographic and clinical preoperative variables such as hospital, age, gender, ASA 
classification, body mass index (BMI), the distance of the tumour from the anal verge, 
cT- and cN-stage, and baseline threatened or involved circumferential resection 
margin. As the goal was to develop a balanced population that was independent of 
the outcome assessment, postoperative variables were not included, except for 
relevant variables that were assessable only after surgery (i.e., pT- and pN-stage, and 
pathological response to NAT). The covariate radiologic extramural venous invasion 
was excluded from the model due to a significant amount of missing data because 
this information was not routinely reported until recent years. The covariate type of 
surgery (categorised as sphincter-saving or abdominoperineal resection) could not be 
included in the propensity score calculation due to the small number of 
abdominoperineal resections in the TaTME group. 
A well-balanced distribution of the covariates in the weighted sample was confirmed 
by means standardised differences meeting a standard objective of ±0.10.19 The only 
exception was the covariate hospital, in which a standardised difference of 0.12 was 
achieved. Since some authors consider the cut-off point for standardised differences 
to be ±0.20, and given the extensive homogeneity of the rest of covariates (with 
standardised differences of less than ±0.02), this was finally accepted.20  
The estimation of the survival functions was carried out using the Kaplan-Meier 
method. The estimation of the effect of surgical procedure was performed using Cox 
hazard models weighted by the inverse probability of treatment weight adjusting by 
preservation of the sphincter (sphincter-saving surgery or abdominoperineal 
resection) with a cut-off at three years. Additional analyses using Accelerated Failure 
Time models were used for the analysis of time to event data in order to estimate the 
time ratio (TR) for the effect of the surgical procedure on acceleration in the time to 
the event.21  
Statistical tests were two-sided with a 5% type I error. The analyses were carried out 
using SPSS version 25 (IBM) and SAS version 9.4 (SAS Institute, Inc., Cary, North 
Carolina). 
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Figure 1. Flowdiagram of study population 

Results 

Between 2000 and 2018, 863 patients with primary locally advanced rectal 
adenocarcinoma met the inclusion criteria and were eligible. Of these, 153 (18%) were 
excluded because data were missing in the covariates selected for the inverse 
probability of treatment weight. This occurred mainly at the beginning of the 
LapTME cohort, because either systematization in reporting all the information was 
scarce, or the necessary investigations to obtain that data were not always performed 
in that period. Therefore, the final study population consisted of 710 patients, of 
whom 344 (49%) underwent TaTME and 366 (52%) LapTME (Figure 1). The median 
follow-up in the TaTME and LapTME cohorts was 28 [range 0.1-84] and 61 [range 1-
206] months, respectively. After truncation at three years, more than 30% of the
patients remained at risk in both groups. Table 1 shows the selected covariates of
patients treated with TaTME or LapTME, with standardised differences before and
after the inverse probability of treatment weight.
In both groups, similar rates of NAT administration were observed (71% vs. 77%; 
P=0.086). Short-course radiotherapy was given to 59 (25%) patients in the TaTME
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cohort and to 79 (28%) patients in the LapTME cohort (P=0.408), while most patients 
in both groups received long-course chemoradiotherapy: 180 (52%) vs. 203 (55%) 
(P=0.371). TaTME was associated with a significant reduction in abdominoperineal 
resection rates: 2.9% vs. 26%, P<0.001. Similar rates of 30-day postoperative 
complications were observed (32% vs. 35%; P=0.382).  

Table 1. Selected covariates for TaTME and LapTME with standardised differences 
before and after inverse probability of treatment weighting 

Standardised 
differences 

TaTME 
N =344 (%) 

LapTME 
N=366 (%) 

Before 
IPTW 

After 
IPTW 

Centre 
 Barcelona
 Gelderse 

Vallei
 AMC

194 (56.4) 
90 (26.1) 
60 (17.4) 

212 (57.9) 
79 (21.5) 
75 (20.4) 

0.1189 0.1238 

Age, years [mean, 
95% CI] 

66.5 (65.2-67.7) 66.4 (65.2-67.6)  0.0071  <0.0001 

Male sex 240 (69.7) 229 (62.5) 0.1526 -0.007 
ASA ≥ III 61 (17.7) 71 (19.4) 0.0682 0.0002 
BMI, kg/m2 [mean, 
95% CI] 

25.5 (25.1-25.9) 26.4 (25.7-27.0) -0.161 -0.017 

Distance from AV, 
cm [mean, 95% CI] 

7.2 (6.9-7.5) 6.5 (6.1-6.8)  0.2487  0.0024 

Clinical T-stage 
 cT1
 cT2
 cT3
 cT4

0 (0.0) 
27 (7.8) 
289 (84.0) 
28 (8.1) 

4 (1.1) 
41 (11.8) 
266 (76.6) 
35 (10.0) 

0.0726 0.0047 

Clinical N-stage 
 cN0
 cN1
 cN2

148 (43.0) 
155 (45.0) 
41 (11.9) 

113 (30.8) 
181 (49.4) 
72 (19.6) 

-0.288 0.0005 

Baseline threatened 
CRM  

94 (27.3) 101 (27.6) -0.006 -0.009 

Sphincter saving 
surgery* 

334 (97.0) 272 (74.3) NA NA 

Pathologic response 
to NAT** 

 TRG 1
 TRG 2
 TRG 3

93 (38.2) 
76 (31.2) 
74 (30.4) 

103 (36.5) 
85 (30.1) 
94 (33.3) 

-0.144 -0.003 

Pathological T-stage 
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 pT0
 pTis
 pT1
 pT2
 pT3
 pT4

40 (11.6) 
1 (0.2) 
26 (7.5) 
85 (24.7) 
179 (52.0) 
13 (3.7) 

35 (9.5) 
0 (0.0) 
20 (5.4) 
95 (25.9) 
179 (48.9) 
37 (10.1) 

-0.144 -0.003 

Pathological N-stage 
 pN0
 pN1
 pN2
 pN3
 pN1c

251 (72.9) 
57 (16.5) 
33 (9.5) 
0 (0.0) 
3 (0.8) 

243 (66.3) 
76 (20.7) 
47 (12.8) 
0 (0.0) 
0 (0.0) 

-0.144 -0.003 

TaTME: transanal total mesorectal excision; LapTME: laparoscopic total mesorectal excision; IPTW: 
inverse probability of treatment weighting; AMC: Amsterdam University Medical Centres; ASA: American 
Society of Anesthesiologists; BMI: body mass index; AV: anal verge; CRM: circumferential resection 
margin; NAT: neoadjuvant therapy; TRG: tumour regression grade; NA: not applicable 
*Not included in the IPTW calculation due to the large differences between groups. It was used as an 
adjustment cofactor in Cox models 
**Including only patients treated with NAT. The TRG system developed by Ryan et al. was used17 

Table 2. Pathologic and adjuvant therapy outcomes after inverse probability of 
treatment weighting 

TaTME 
N =344 (%) 

LapTME 
N=366 

P-value

AJCC pathological stage 
 0
 I 
 II
 III
 IV

38 (11.0) 
90 (26.1) 
123 (35.7) 
93 (27.0) 
0 (0.0) 

32 (8.7) 
92 (25.1) 
119 (32.5) 
123 (33.6) 
0 (0.0) 

0.862 

Mesorectal specimen 
 Complete
 Near-complete
 Incomplete

318 (93.2) 
20 (5.8) 
3 (0.8) 

242 (89.3) 
13 (4.8) 
16 (5.9) 

0.168 

Distance to CRM, mm 
[median, 95% CI] 10.0 (10.0-12.0) 7.5 (6.0-10.0) 0.013 
CRM involvement 32 (9.5) 56 (16.2) 0.004 
Distance to DRM, mm 
[median, 95% CI] 20.0 (20.0-25.0) 19.5 (15.0-20.0) 0.248 
DRM involvement 6 (1.8) 7 (2.0) 0.614 
Rectal perforation 2 (0.8) 8 (3.2) 0.026 
Composite poor 
pathological outcome* 

35 (10.6) 69 (24.7) <0.001 
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TaTME: transanal total mesorectal excision; LapTME: laparoscopic total mesorectal excision; AJCC: 
American Joint Committee on Cancer; CRM: circumferential resection margin; DRM: distal resection 
margin 
*Complete or near-complete TME, and negative CRM and DRM 

Histopathological outcomes and adjuvant therapy 
Despite an absence of significant differences in the original multi-category 
mesorectal specimen variable, a significant higher rate of complete or near-complete 
was observed in the TaTME cohort (99% vs. 94%, P<0.001). The rate of 
circumferential resection margin involvement and incidence of intra-operative rectal 
perforation were also lower in the TaTME group (Table 2). These findings translated 
into an overall better composite endpoint of poor pathological outcome for TaTME.  

Survival and recurrence analyses 
Three years after surgery, the rates of locoregional recurrence were 3.6% in the 
TaTME group and 9.6% in the LapTME group Hazard Ratio (HR) =0.4 (95% CI, 0.2-0.7; 
P=0.001) (Figure 2). After stratifying for sphincter-saving surgery or 
abdominoperineal resection, a lower rate of locoregional recurrence was maintained 
in those patients who underwent TaTME with sphincter preservation HR=0.4 (95% CI, 
0.2-0.7; P=0.002). No difference was observed in patients with low rectal cancer 
HR=0.9 (95% CI, 0.3-2.9; P=0.866). In patients with cancer of the mid rectum, the 
rates of locoregional recurrence were 5.3% in de TaTME group and 12% in the 
LapTME group HR=0.4 (95% CI, 0.2-0.8; P=0.006). Systemic metastases were 
reported in 16% of the patients in the TaTME group and in 20% of the patients in the 
LapTME group HR=0.9 (95% CI, 0.7-1.2; P=0.615). 

Perineural invasion 44 (13.0) 47 (18.3) 0.011 
Lymphovascular invasion 68 (21.4) 44 (17.0) 0.018 
Budding 

 no 
 low
 moderate
 high

155 (82.8) 
23 (12.3) 
2 (1.0) 
7 (3.7) 

38 (52.7) 
32 (44.4) 
0 (0.0) 
2 (2.7) 

<0.001 

Differential grade 
 good
 moderate
 poor

20 (6.3) 
254 (80.3) 
17 (5.3) 

15 (4.8) 
240 (77.4) 
22 (7.1) 

0.559 

Number of lymph nodes 
[median, 95% CI] 

15.0 (15.0-16.0) 14.0 (14.0-15.0) 0.013 

Adjuvant chemotherapy 42 (12.2) 61 (17.1) 0.051 
Adjuvant radiotherapy 4 (1.1) 15 (4.2) <0.001 
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At three years, the disease-free survival rates were 74% in the TaTME group and 69% 
in the LapTME group HR=0.8 (95% CI, 0.7-1.0; P=0.078) (Figure 3). However, when the 
analysis was limited to patients with sphincter preservation, an improved disease-
free survival was observed in patients who underwent TaTME HR=0.8 (95% CI, 0.6-
0.1; P=0.033). The overall survival rates were 87% in the TaTME group and 82% in the 
LapTME group HR=0.7 (95% CI, 0.5-1.0; P=0.076). Significant differences in overall 
survival could not be demonstrated in patients who underwent TaTME with sphincter 
preservation HR=0.7 (95% CI, 0.5-1.0; P=0.068). The survival and recurrence subgroup 
analyses are shown in Figure 4.   
Within three years after primary rectal cancer surgery, 35 locoregional recurrences 
were observed in the LapTME cohort, with a corresponding number of 12 in the 
TaTME cohort. Of those patients, 25 (six in the TaTME group and 19 in the LapTME 
group) presented with at least one of the following risks factors: T4 tumour, N2 
disease, incomplete mesorectal specimen, or positive circumferential resection 
margin. The median time to locoregional recurrence could not be calculated since the 
event rate was less than 50%. However, the Accelerated Failure Time analysis 
identified a longer time-ratio in the TaTME group TR=2.3 (CI, 1.3-4.0; P=0.026). No 
multifocal pattern of recurrence was diagnosed. 

Discussion 

In this multicentre cohort of 710 patients with clinical stage II-III rectal 
adenocarcinoma, TaTME provided a three-year 60% risk reduction for locoregional 
recurrence compared to LapTME. In patients undergoing surgery with sphincter 
preservation, the three-year disease-free survival rate was higher for patients treated 
with TaTME than for patients treated with LapTME. These benefits could be 
explained by an improved quality of the mesorectal specimen, with fewer positive 
resection margins, and lower rate of rectal perforations.4, 22, 23  
The performance of an optimal TME is technically demanding, and the 
histopathological equivalence of the laparoscopic and open approaches has been 
recently questioned.13-24 Fleshman et al. compared LapTME to open TME and 
included similar patients as the current study, except for the fact that every patient 
received neoadjuvant therapy. They found that LapTME did not meet the criteria for 
noninferiority in a composite score of complete or near-complete TME, and negative 
circumferential and distal resection margins.13 It is important to note that Fleshman 
et al. did not find any difference in survival within two years after surgery.25 Still, the 
study was not designed as an equivalence trial for survival and recurrence, and the 
absence of numerical distinctions might not be indicative of any dissimilarity. 
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Figure 2. K
aplan-M

eier curve of locoregional recurrence (-free proportion) 
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Figure 3. K
aplan-M

eier curve of disease-free survival 
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Nevertheless, several clinical studies and meta-analyses have reported improved 
histopathological outcomes with TaTME compared to LapTME.26, 27 However, the 
translation of these potentially advantageous data into improved mid- and long-term 
oncological outcomes is still scarce. The outcomes of the present study indicate that 
TaTME not only allows patients to benefit from the short-term advantages of 
minimally invasive surgery, but might also be superior in ensuring mid-term 
locoregional recurrence and disease-free survival in selected patients.  
The reported improvement in locoregional recurrence rates was at the expense of 
patients with cancer of the mid rectum, but unexpectedly this was not confirmed in 
patients with cancer of the low rectum. This apparent disparity could be explained by 
a high proportion of patients, not estimable due to retrospective access to the data, 
in the LapTME group with low rectal tumours who underwent open perineal 
dissection using the transanal way to facilitate the most challenging part of the 
procedure. According to a randomised trial, transanal perineal dissection has been 
shown to decrease the risk of circumferential resection margin involvement by more 
than 4-fold compared to a purely abdominal TME.28 Although further investigation is 
required, these combined data suggest that the surgical therapy of mid and low rectal 
cancer should include a perineal approach. This might be performed with 
conventional open surgical instruments or through TaTME in the low rectum. Given 
the difficulties of approaching mid rectal cancers using an open transanal technique 
(the Transanal Abdominal Transanal (TATA) procedure) and the inferiority of a pure 
transabdominal laparoscopic approach as suggested by the present data, TaTME 
might be the preferred technique when the tumour is in the mid rectum. Robot 
assisted transabdominal laparoscopy might potentially achieve similar results, but 
this has still to be confirmed. 
Although knowledge in the literature is still scarce and follow-up periods are 
relatively short, the reported data that TaTME might be associated with a lower risk 
of locoregional recurrence are substantiated by several observational studies. Tuech 
et al. analysed 56 consecutive patients with low rectal cancer treated with TaTME and 
reported a locoregional recurrence rate of 1.7% with a median follow-up of 29 
months.29 Veltcamp Helbach et al. analysed 80 patients with mid- or low rectal cancer 
who underwent TaTME, and the locoregional recurrence rate after two years was 
2.5%.16 With a median follow-up of 32 months, Lelong et al. reported a 0% 
locoregional relapse rate.30 More recently, Hol et al. analysed 159 consecutive 
patients undergoing TaTME with a complete and minimum follow-up of three years, 
reporting three- and five-year local relapse as low as 2% and 4%, respectively.31  
However, a recent study questioned the oncologic validity of the transanal approach. 
Larsen et al. reported, on behalf of the Norwegian Colorectal Cancer Group, that 
9.5% of the 110 patients who underwent TaTME presented with an unexpected 
pattern of early locoregional recurrence, characterised by rapid, multifocal growth in 
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the pelvic cavity and sidewalls.10 The authors suggested that this atypical pattern of 
relapse may be a consequence of transanal pursestring failure, with spillage of the 
malignant cells that are aerosolised by the transanal insufflator. However, neither in 
the present study nor any of the published studies to date has revealed an 
unexpected pattern of recurrence. Moreover, the Accelerated Failure Time analysis of 
our study identified TaTME as a protective factor on patients’ locoregional recurrence 
time, suggesting a longer time to pelvic relapse in that group compared to patients 
treated with LapTME. 
This clinical research study was based on real-world clinical practice and involved 
several groups of surgeons to enhance external validity. However, a significant 
limitation is its nonrandomised design. Observational studies are more susceptible to 
biases, even more so with surgical interventions where the risk of treatment 
assignment partiality is increased during the early phase of the learning curve. To 
avoid this allocation bias, we decided to use the inverse probability of treatment 
weight method, which has been shown to deliver results more comparable to an RCT 
than other techniques such as propensity score stratification and, unlike matching, 
retains most participant data.32 After weighting, the covariates of the sample 
obtained were well-balanced and independent of treatment assignment. The only 
exception was the covariate type of surgery, which was applied as an adjustment 
cofactor in the Cox models. Nevertheless, we were unable to correct for unknown 
cofounders, and the analysis by subgroup depending on the type of surgery should be 
interpreted with caution due the low number of abdominoperineal resections in the 
TaTME cohort. 
Another limitation is the inherent retrospective design which used historical controls. 
Besides, the extramural venous invasion variable could not be included in the 
propensity score model due to the large amount of missing data. This occurred 
predominantly in the LapTME group because the radiological extramural venous 
invasion has recently begun to be described. Variables such as budding, perineural- 
and lymphovascular invasion displayed a heterogeneous distribution. However, the 
increased risk of recurrence that this may carry seems to be offset across the groups. 
Nonetheless, despite our extensive corrections, the presence of cofounders that 
might bias the results cannot be excluded. Finally, a representative non-selected 
group of patients who were treated for locally advanced rectal tumours was included. 
However, the surgical teams have extensive experience performing transanal 
procedures, and the results may not be generalised to other clinics that have recently 
started to perform TaTME.  
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Figure 4. Forest plot of survival and recurrence subgroup analyses 

Conclusion 

The results of this multicentre observational trial support a possible role for TaTME in 
improving locoregional recurrence and disease-free survival rates among patients 
with locally advanced rectal cancer. Further investigation in a randomised clinical trial 
is warranted.  

Acknowledgements 
The authors are grateful to Georgina Casanovas and Gemma Domenech, who 
assisted our senior statistician (JR) in performing the statistical analysis. Thanks also 
to the Research, Innovation, and Education Departments of the Hospital Clinic of 
Barcelona for funding the study. 

182



Local recurrence in TaTME vs lapTME in three centres

References 

1. Glynne-Jones R, Wyrwicz L, Tiret E, et al. Rectal cancer: ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol. 2017;28(suppl_4):22-40. 

2. MacFarlane JK, Ryall RD, Heald RJ. Mesorectal excision for rectal cancer. Lancet.
1993;341(8843):457-60. 

3. Quirke P, Durdey P, Dixon MF, Williams NS. Local recurrence of rectal adenocarcinoma due to 
inadequate surgical resection. Histopathological study of lateral tumour spread and surgical 
excision. Lancet. 1986;2(8514):996-9. 

4. Nagtegaal ID, Quirke P. What is the role for the circumferential margin in the modern treatment
of rectal cancer? J Clin Oncol. 2008;26(2):303-12. 

5. Nagtegaal ID, van de Velde CJ, van der Worp E, et al. Macroscopic evaluation of rectal cancer 
resection specimen: clinical significance of the pathologist in quality control. J Clin Oncol. 
2002;20(7):1729-34. 

6. Martinez-Perez A, Carra MC, Brunetti F, de'Angelis N. Pathologic Outcomes of Laparoscopic vs
Open Mesorectal Excision for Rectal Cancer: A Systematic Review and Meta-analysis. JAMA 
surgery. 2017;152(4):e165665. 

7. Buchs NC, Wynn G, Austin R, et al. A two-centre experience of transanal total mesorectal 
excision. Colorectal Dis. 2016;18(12):1154-61. 

8. Chen CC, Lai YL, Jiang JK, et al. Transanal Total Mesorectal Excision Versus Laparoscopic 
Surgery for Rectal Cancer Receiving Neoadjuvant Chemoradiation: A Matched Case-Control 
Study. Ann Surg Oncol. 2016;23(4):1169-76. 

9. Velthuis S, Nieuwenhuis DH, Ruijter TE, et al. Transanal versus traditional laparoscopic total 
mesorectal excision for rectal carcinoma. Surg Endosc. 2014;28(12):3494-9. 

10. Larsen SG, Pfeffer F, Korner H, Norwegian Colorectal Cancer G. Norwegian moratorium on
transanal total mesorectal excision. Br J Surg. 2019;106(9):1120-1. 

11. Penna M, Hompes R, Arnold S, et al. Incidence and Risk Factors for Anastomotic Failure in 1594
Patients Treated by Transanal Total Mesorectal Excision: Results From the International TaTME 
Registry. Ann Surg. 2018. 

12. Deijen CL, Velthuis S, Tsai A, et al. COLOR III: a multicentre randomised clinical trial comparing 
transanal TME versus laparoscopic TME for mid and low rectal cancer. Surg Endosc. 
2016;30(8):3210-5. 

13. Fleshman J, Branda M, Sargent DJ, et al. Effect of Laparoscopic-Assisted Resection vs Open
Resection of Stage II or III Rectal Cancer on Pathologic Outcomes: The ACOSOG Z6051 
Randomized Clinical Trial. JAMA. 2015;314(13):1346-55. 

14. Delgado S, Momblan D, Salvador L, et al. Laparoscopic-assisted approach in rectal cancer 
patients: lessons learned from >200 patients. Surgical endoscopy. 2004;18(10):1457-62. 

15. Lacy AM, Tasende MM, Delgado S, et al. Transanal Total Mesorectal Excision for Rectal Cancer:
Outcomes after 140 Patients. J Am Coll Surg. 2015;221(2):415-23. 

16. Veltcamp Helbach M, Deijen CL, Velthuis S, et al. Transanal total mesorectal excision for rectal
carcinoma: short-term outcomes and experience after 80 cases. Surg Endosc. 
2016;30(2):464-70. 

17. Ryan R, Gibbons D, Hyland JM, et al. Pathological response following long-course neoadjuvant
chemoradiotherapy for locally advanced rectal cancer. Histopathology. 2005;47(2):141-6. 

18. Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects of 
Confounding in Observational Studies. Multivariate Behav Res. 2011;46(3):399-424. 

19. Lee BK, Lessler J, Stuart EA. Improving propensity score weighting using machine learning. Stat 
Med. 2010;29(3):337-46. 

20. Austin PC. Balance diagnostics for comparing the distribution of baseline covariates between
treatment groups in propensity-score matched samples. Stat Med. 2009;28(25):3083-107. 

21. Patel K, Kay R, Rowell L. Comparing proportional hazards and accelerated failure time models:
an application in influenza. Pharmaceutical statistics. 2006;5(3):213-24. 

22. Kitz J, Fokas E, Beissbarth T, et al. Association of Plane of Total Mesorectal Excision With 
Prognosis of Rectal Cancer: Secondary Analysis of the CAO/ARO/AIO-04 Phase 3 Randomized 
Clinical Trial. JAMA Surg. 2018;153(8):e181607. 

183



Part 2 │ Chapter 9 

23. Kusters M, Marijnen CA, van de Velde CJ, et al. Patterns of local recurrence in rectal cancer; a
study of the Dutch TME trial. Eur J Surg Oncol. 2010;36(5):470-6. 

24. Stevenson AR, Solomon MJ, Lumley JW, et al. Effect of Laparoscopic-Assisted Resection vs 
Open Resection on Pathological Outcomes in Rectal Cancer: The ALaCaRT Randomized Clinical 
Trial. JAMA. 2015;314(13):1356-63. 

25. Fleshman J, Branda ME, Sargent DJ, et al. Disease-free Survival and Local Recurrence for 
Laparoscopic Resection Compared With Open Resection of Stage II to III Rectal Cancer: Follow-

 up Results of the ACOSOG Z6051 Randomized Controlled Trial. Ann Surg. 2019;269(4):589-95. 
26. Ma B, Gao P, Song Y, et al. Transanal total mesorectal excision (taTME) for rectal cancer: a 

systematic review and meta-analysis of oncological and perioperative outcomes compared with
laparoscopic total mesorectal excision. BMC Cancer. 2016;16:380. 

27. Wu Z, Zhou W, Chen F, et al. Short-term Outcomes of Transanal versus Laparoscopic Total 
Mesorectal Excision: A Systematic Review and Meta-Analysis of Cohort Studies. J Cancer. 
2019;10(2):341-54. 

28. Denost Q, Adam JP, Rullier A, et al. Perineal transanal approach: a new standard for 
laparoscopic sphincter-saving resection in low rectal cancer, a randomized trial. Ann Surg.
2014;260(6):993-9. 

29. Tuech JJ, Karoui M, Lelong B, et al. A step toward NOTES total mesorectal excision for rectal 
cancer: endoscopic transanal proctectomy. Ann Surg. 2015;261(2):228-33. 

30. Lelong B, Meillat H, Zemmour C, et al. Short- and Mid-Term Outcomes after Endoscopic 
Transanal or Laparoscopic Transabdominal Total Mesorectal Excision for Low Rectal Cancer: A 
Single Institutional Case-Control Study. J Am Coll Surg. 2017;224(5):917-25. 

31. Hol JC, van Oostendorp SE, Tuynman JB, Sietses C. Long-term oncological results after  transanal 
total mesorectal excision for rectal carcinoma. Tech Coloproctol. 2019. 

32. Torres F, Rios J, Saez-Penataro J, Pontes C. Is Propensity Score Analysis a Valid Surrogate of 
Randomization for the Avoidance of Allocation Bias? Semin Liver Dis. 2017;37(3):275-86. 

184







S.X. Roodbeen, F. B. de Lacy, S. van Oostendorp, C. Cunningham,
J. Tuynman, I. Faneyte, T. Verhagen, C. Foppa, A. Spinelli, N. Buchs, F. Ris, Y.
Parc, J. Lefevre, A. de Lacy, S.C. Park, G. Brown,
W.A. Bemelman, P.J. Tanis, R. Hompes

Submitted, 2020

Chapter 10

Oncological outcome of total mesorectal excision 

for MRI-defined low rectal cancer: a multicentre 

study comparing minimally invasive surgical 

approaches



Part 2 │ Chapter 10 

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).

193



Part 2 │ Chapter 10  

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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Summary 

Introduction 

In Chapter 1 we focused on the evolution of TaTME over time. Unlike the development  
of a new medicinal treatment, the process of surgical innovation has been unregulated 
and unstructured in the past. The IDEAL framework, an integrated evaluation pathway 
for surgical interventions, was proposed to assure quality of surgical research.(1) In this 
review article we described the evolution of TaTME according to the stages of the 
framework (from Idea, Development and Exploration to Assessment and Long-term 
studies). We concluded implementation of TaTME followed the IDEAL framework 
quite closely, with extensive pre-clinical hypothesis testing on cadavers and animals, 
to show the Idea was feasible. In the Development phase the exact steps of the 
technique were fine-tuned and the early set-up of the International TaTME Registry 
allowed for extensive exploration of safety in the Exploration phase. However, the 
quick worldwide adoption of the technique and early shift to the Assessment phase, 
before the steps of the technique and ideas about training were completely 
standardised, did not concur with IDEAL recommendations.  

Following the IDEAL recommendations, Part 1 of this thesis focused on the short-term 
Assessment of TaTME, where the effectiveness of the technique was assessed against 
current standards (lapTME), and nationwide experiences with TaTME were presented.  
Part 2 examined Longer-term oncological outcomes for TaTME. 

Part 1 – Short-term outcomes 

In Chapter 2, we compared short-term oncological results in a propensity-matched 
cohort of TaTME and lapTME cases, specifically for MRI-defined low rectal cancer. By 
focusing on these low tumours, known to pose greater intra-operative difficulty, we 
expected rate of histopathological involved resection margin (R1) to be lower in the 
TaTME group. The findings showed that R1 rate was not significantly different in this 
relatively small cohort of 41 patients in each group (5% in TaTME versus 12% in 
lapTME, P=0.432). Despite this, TaTME was definitely beneficial in terms of conversion 
(0% in TaTME versus 22% in lapTME, P<0.001). To generate more reliable results, a 
larger study was then set-up among eight other centres, the results of which will be 
further discussed in Chapter 10.  
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In the Netherlands, TaTME was first performed in 2012, and over the years there has 
been a steady increase in centres adopting this new technique, with 44 Dutch centres 
performing TaTME in 2017. The evaluation of the initial experience with TaTME in the 
Netherlands was the focus of Chapter 3. All TaTME’s between 2015-2017 (n=416) were 
included from the obligatory Dutch Colorectal Audit and compared to a propensity 
matched cohort of lapTME from the same audit. Almost 400 cases were included in 
each group and revealed that involved circumferential resection margin (pCRM+) rates 
were equal; 4% in both groups. Moreover, the conversion rate was significantly lower 
in TaTME (1.5% versus 8.6%, P<0.001). This nationwide study showed safe initial 
experience with TaTME when compared to the well-established lapTME. 

In Chapter 4 we again reviewed short-term outcomes after TaTME on a national level, 
but with data from the voluntary International TaTME Registry, including all cases 
registered in the United Kingdom. In total, 513 cases from 42 centres throughout the 
United Kingdom (UK) were recorded between 2013-2018. This study also showed 
acceptable short-term outcomes, with a R1 rate of 4%. An additional survey among 
colorectal surgeons who received (any type of) training on TaTME in the UK, with a 
response rate of 80%, illustrated that type of training differed strongly among 
surgeons, from a cadaver course to video resources or an observership. Of the 
responding surgeons, 76% actually adopted TaTME in their unit after training, all of 
whom experienced difficulties during initial procedures, and the majority indicated 
that in hindsight, they would never have performed their first case without a proctor. 
From these results we may conclude that although short-term outcomes were safe, 
available training was heterogeneous and not all surgeons felt comfortable with the 
technique. We commended that this highlights the need for a structured training 
program, not only focusing on learning the technique, but also to provide a guide for 
safe   implementation.   

Risk factors for CRM+ after conventional lapTME are well-known and include several 
tumour-related factors, such as a low tumour and anterior location, and patient-
related factors, such as male gender and obesity.(2) Literature on predictive factors for 
CRM+ after TaTME was scarce and factors might differ from those  after lapTME, 
considering the different approach from below. In Chapter 5 we included 2653 patients 
from the International TaTME registry, and found a pathological CRM+ (pCRM+) rate 
of  4%, which can be considered as a surrogate marker for good surgical oncological 
performance. After creating a predictive model, we found that predictive factors for 
pCRM+ were solely tumour characteristics, specifically tumours up to 1 centimetre 
from the anorectal junction (ARJ), anterior location, clinical tumour stage 4 and 
baseline MRI findings of extra-mural vascular invasion (EMVI+) and threatened CRM, 
with a predicted risk of pCRM+ of 28% if all risk factors were present. Knowledge of 
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these factors could guide surgeons in correct patient selection for TaTME in order to 
further improve histopathological outcomes and to avoid the high risk patients early 
on in the learning curve. 

Part 2 – Oncological outcomes 

After the favourable short-term outcomes of (Part 1), medium term oncological 
outcomes were assessed in Part 2. In 2019, concerns on the oncological safety of 
TaTME had been raised, in terms of reported high local recurrence (LR) rates and even 
more disturbing, a multifocal pattern of recurrence, which was never seen with 
conventional approaches.(3) Before evaluating oncological safety of TaTME, we 
analysed oncological outcomes following conventional TME in Chapter 6. This was a 
nationwide cross-sectional study, including 1197 low anterior resections (LAR) from 71 
Dutch hospitals with a long follow-up of 42 months. Bowel continuity was not restored 
in 25%, and this group (i.e. non-restorative LAR (n-rLAR); Hartmanns resection) was 
compared with patients that did receive an anastomosis for continuity (i.e. restorative 
r-LAR). Three-year LR rate was 3% after rLAR and 8% after n-rLAR. Although n-rLAR 
patients were median 10 years older, had higher ASA scores and lower tumours, we
found this procedure was independently associated with a three times higher odds of
LR than rLAR.

With these LR rates in mind, we proceeded to analyse oncological outcomes after 
TaTME in Chapters 7 to 10. Chapter 7 was a combined experience from 6 tertiary 
centres, including 767 TaTME cases, aiming to determine LR rate and pattern. We 
found a reassuring two-year LR rate of 3% and even more important, in none of the 
patients a multifocal pattern of recurrence was observed. Therefore we concluded that 
in this study, good pelvic control of disease was reached after TaTME in these centres, 
indicating no inherent oncological risk of the surgical technique. 

In Chapter 8 results of 2803 cases from the International TaTME registry were 
analysed. In this large prospective study, two-year LR rate was 5% with an infrequent 
multifocal pattern (4%). Two-year disease-free survival (DFS) and overall survival (OS) 
were 77% and 92%, respectively. This study supports the oncological safety of TaTME 
and contributes to the paucity and controversy in published literature on LR rates after 
TaTME. 

In the final Chapters 9 and 10, TaTME was compared with conventional lapTME for 
oncological outcomes. Chapter 9 compared 344 TaTME patients with 366 lapTME 
cases from three high-volume centres and found LR rates were 3.6% in the TaTME 

210



Summary, discussion and future perspectives 

group and 9.6% in the LapTME group (P=0.001), possibly owing to a higher rate of 
complete or near-complete TME specimens in the TaTME group (99% versus 94%) and 
lower CRM+ rates. However, the follow-up period was notably longer in the lapTME 
group (28 months versus 61 months), which might have contributed to the favourable 
oncological outcomes for TaTME.  
In Chapter 10 minimally invasive standard abdominal TME (sTME) (n=413) was 
compared with TaTME (n=384), specifically for MRI-defined low rectal cancers. We 
found comparable rates of R1 between sTME and TaTME (11% vs 14%, P=0.350), as 
well as no difference in two-year LR (4.6% vs 4.7%, P=0.707), DFS (77% vs 82%, 
P=0.079), and OS (91% vs 94%, P=0.104). We concluded acceptable oncological 
outcomes were found for MRI-defined low rectal cancers, with equivalence of TaTME 
when compared to the well established sTME. 

From Part 2 we may therefore conclude that TaTME seems an oncological safe option 
to treat patients with rectal cancer. 
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Discussion and future perspectives 

Discussion 

The aim of this thesis was to obtain a better insight into the oncological safety of 
TaTME for rectal cancer patients. Evolution of TaTME to threat rectal cancer was 
described in Chapter 1, where we acknowledged the quick worldwide adoption of 
TaTME did no concur with IDEAL recommendations.(1) From Part 1, we learnt that 
important histopathological characteristics, actually surrogate factors for oncological 
outcome, were within acceptable ranges and were comparable to conventional 
lapTME. Thus suggesting short-term safety of this relatively new technique. In Part 2, 
the recently strong debated cancer recurrence rates after TaTME were examined, and 
found reassuring local recurrence rates, suggesting medium-term oncological safety 
of TaTME.  

The addition of a transanal phase to the key principle of TME surgery, as in TaTME, was 
born from the necessity to improve oncological outcomes for patients suffering from 
rectal cancer. The shift from open- to minimally invasive rectal cancer surgery did not 
bring the expected advances, either with laparoscopic- or robotic TME approaches.(4, 5) 
Because the main limiting factor for a good TME procedure (i.e. complete TME 
specimen with tumour-free resection margins), decreased visualisation of the surgical 
plane deep down in the bony pelvis, was not overcome with these trans-abdominal 
approaches.(6) 
After the first live case in 2010 (7), TaTME was rapidly adopted worldwide, as indeed 
the first small cohort-studies showed promising results.(8-10) 

However, the implementation of new surgical techniques has long attracted criticism 
because of lack of high-quality research and unstructured nature. Randomised 
controlled trials are often difficult to undertake in surgery, unlike for medicinal 
products, and many new techniques have therefore been adopted without formal 
testing of safety and efficacy. Waiting for robust evidence before widespread adoption 
takes place, should be outweighed by withholding patients a better treatment.(11) 

As for TaTME, the technique was not completely standardised yet when it was already 
implemented and expanded by many surgeons and centres. From Chapter 3 we 
learned that between 2015-2017, already 44 from the 90 centres in the Netherlands 
performing TME surgery, started with TaTME. Only 15 of those centres had 
participated in a structured Dutch training program(12) –although we do not know if 
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other centres received training abroad – and only three centres performed more than 
40 TaTME cases between 2015-2017. Similarly in the United Kingdom (Chapter 4), the 
vast majority of TaTME centres did not perform over 10 cases per unit. While we know 
it requires about 40-50 cases to gain proficiency in TaTME.(13) We therefore concluded 
that adoption of TaTME in the Netherlands and United Kingdom occurred in a rapid 
and possibly uncontrolled manner.  

The learning curve phase when implementing a new technique inherently causes harm 
to patients, even more so when this is done in an unstructured and unmonitored 
environment. TaTME is a complex technique, and to minimise risks and complications 
for patients, it requires several essential elements for surgeons aiming to commence 
with TaTME. Key elements should be: specific pre-requisites on previous experience 
(minimal invasive rectal cancer surgery) and enough case-volume to overcome the 
learning curve quickly, participate in a structured training program as a team, 
appropriate case selection and mandatory outcome registration. The importance of all 
these key elements, rather than just offering a single training course to surgeons 
aiming to learn TaTME, was highlighted by an experience from North-America. 
Outcomes after cadaveric training showed a high risk of iatrogenic injury after training, 
indicating that just a training course is not sufficient to safely implement the 
technique.(14) 

Careful case selection is needed, as  TaTME was especially developed for the distal 
tumours in a narrow pelvis.  The prediction model for poor pathological outcome after 
TaTME that we developed in Chapter 5, aids to improved patient selection. The high-
risk cases (tumours <1 cm from the ARJ, anterior location, clinical tumour stage 4 and 
baseline MRI findings of EMVI+ and threatened CRM) should not be done early in the 
learning curve. Moreover, it is a valuable tool to facilitate and enhance a tailored 
treatment approach – for example intensified neo-adjuvant treatment or a more 
extended procedure – to optimise oncological outcome. The model may also attribute 
to a more constructive discussion with patients regarding their risks and prognosis.  

Outcome registration, is crucial to assess clinical safety and should therefore always be 
part of a structured training program. The international TaTME Registry was set-up 
fairly early in 2014.(15) It allowed for quick data collection of cases performed all over 
the world, to further identify potential harms and benefits of the technique. 
The first two papers from the International TaTME registry showed good pathological 
outcomes, with a CRM+ rate of 2.7% in the first registry paper by Penna et al(16), which 
compares well with the 4% found in Chapter 3 and 4. 
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From the short-term histopathological outcomes in Part 1, actually surrogate factors 
for oncological outcome, no real concerns about oncological safety were to be 
expected, which was examined in Part 2.  

But after almost 10 years since the first TaTME was performed(7), the colorectal 
community was warned by Norway’s decision to abandon TaTME in their country in 
2019. This was based on a two-year LR rate as high as 12% in the national audit found 
by Wasmuth et al, and even more alarming an unconventional multifocal pattern of 
spread and early occurrence of LR.(3) Also, in Dutch implementation data of TaTME, 
including the first 10 cases of 12 centres that participated in a national training 
program, similar disturbing findings were published, although CRM+ rate was low.(17) 

However, it must be mentioned that in the Norwegian national audit, R1 rate was 12%, 
suggesting a suboptimal performance of the technique. Moreover, when looking at the 
prolonged Dutch implementation cohort (266 patients in the 12 centres), overall LR 
rate dropped to 5.6% and even to 4% when excluding the first 10 cases of every centre.  
Contrary to the outcomes from Norway and the Netherlands, the first cohort studies 
on oncological outcomes were published early 2020 by some of the early adopters of 
the technique.(18-21) They found reassuring rates of LR, ranging between 2-6% after at 
least two years, and no issues with a multifocal pattern of spread. Although there is no 
randomised controlled data yet to directly compare oncological outcomes with 
laparoscopic TME, it seems fair to say that outcomes so far are similar to the LR rates 
we know from open and laparoscopic TME. The ACOSOG and ALaCaRT randomised 
trials showed two-year LR rates of 4.6% and 5.4% for laparoscopic TME, and 4.5% and 
3.1% for open TME, respectively.(22, 23) 
The controversial oncological outcomes after TaTME in terms of LR to date, exactly 
show that poor oncological outcome is likely more related to non-optimal performance 
of the technique, rather than the technique itself. Tumour spillage might occur when 
the pursestring is not properly closed or when the rectum is not extensively washed 
prior to dissection, potentially leading to cancer recurrence in the pelvis. Wasmuth et 
al(3) claimed that poor outcomes after TaTME could not be attributed to the learning 
curve effect because several of the LR’s occurred late in the series, and were therefore 
directly related to the TaTME technique itself. Yet they included 152 procedures from 
4 centres over a 4-year period, meaning annual TaTME volume in each centre not even 
reached 10 procedures. Also taking into account the high R1 rate and perioperative 
morbidity, it is very likely that the learning curve in these Norwegian centres was not 
completed. However, even a structured training pathway in the Netherlands including 
on-site proctoring did not prevent poor outcomes. This suggests an even more 
extensive training program is required, including on-site proctoring until proficiency is 
reached, instead of only the first 5 procedures.(12) Moreover, the occurrence of 
multifocal spread of LR, which is never seen with conventional TME, and is hard to 
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treat, calls for further evaluation and knowledge on pathophysiology of such a LR in 
order to prevent this in the future. 

From Part 1 and 2, we may conclude that short-term and oncological outcomes 
following TaTME are equivalent to the outcomes we know from conventional 
abdominal TME approaches (either open or laparoscopic). The question therefore 
remains if we should continue to get centres and surgeons through a relatively long 
learning curve phase, exposing patients to additional harm during implementation, 
while outcomes are not superior after TaTME. 
First of all, the fact that outcomes between TaTME and conventional TME are 
comparable at this point in time, does not mean they always will be. TaTME, a still 
relatively new technique, was compared to the well-established techniques. When 
more surgeons reach proficiency in TaTME, improved outcomes regarding short-term 
histopathology and longer-term cancer recurrence rates can be expected. Some other 
clear advantages of TaTME need to be mentioned. A sharp decrease in converted 
procedures (from minimally invasive to midline laparotomy) is seen with TaTME. High 
conversion rates have been reported for laparoscopic- and robotic TME, ranging 
between 10-15%, while concerns grow about the negative oncological impact.(24, 25) In 
the TaTME Registry, the latest conversion rate was 5% (2803 patients), and it was as 
low as 1.4% in Chapter 3. Also, more sphincter-saving resections tend to be performed 
with TaTME. For patients with low rectal cancer, ending up with a permanent stoma is 
one of their major concerns, so avoiding this with TaTME might have a large impact for 
patients after proper counselling. If avoiding a permanent stoma is truly a benefit, 
should be further debated as the data on functional and quality of life status in these 
patients with a very low anastomosis is still immature. 

Future perspectives of TaTME 

Surgical innovation might have been unregulated and unstructured in the past. In the 
future, surgical innovation in general, and TaTME more specifically, need more 
extensive regulation and monitoring. We can not allow that rectal cancer patients are 
exposed to poorly trained and underqualified surgeons. An extensive training program 
for all surgeons aiming to learn TaTME should therefore be mandatory. Extensive on-
site and/or virtual proctoring should be provided until proficiency is reached – as 
determined by the proctor – , not only for the first 5 cases, as is done in most training 
programs. Moreover, registration of data in a registry should be involuntary, with 
feedback on individual results for continuous quality improvement with the new 
approach. Additional training and proctoring can then be offered to surgeons where 
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sufficient quality is lacking. This approach asks for transparent data auditing on a 
national level, without blinding for centres.  
It should also be questioned whether all centres aiming to implement TaTME, should 
be allowed to follow a training program in the first place. Especially when centres have 
a low case volume of rectal cancer cases and insufficient experience with laparoscopic 
and TAMIS approaches. These centres should be advised against following a TaTME 
training program, since the learning curve will probably never be overcome. 
Centralisation of TaTME surgery in centres where proficiency is already reached is then 
recommended, instead of heaving over 40 hospitals, in a small country as the 
Netherlands, performing suboptimal surgery. 

Although favourable local recurrence rates were found in this thesis, the multifocal 
pattern of local recurrences as found in Norway and in the Dutch training program are 
still worrying. Knowledge on the pathophysiology of this type of recurrence is crucial 
in preventing it. Hypothetically, tumour spillage might occur when the pursestring is 
insufficient, with a lack of rectal washout and high perineal pressures, enhancing a 
multi focal spread of malignant cells. Video-analysis of TaTME cases can be used to 
shed further light on the mechanism of LR in TaTME. 

As TaTME was initially designed for a specific group of rectal cancers, that are typically 
causing problems when using abdominal approaches (i.e. low cancers in a male patient 
with a narrow, irradiated pelvis and those with a high BMI), a specific patient group will 
probably benefit most from this new technique. Selection of these patients pre-
operatively is therefore essential. The prediction model that was designed in Chapter 
5 might aid in patient selection, although this model needs external validation, which 
we are currently undertaking. Future research to determine patient- and tumour 
characteristics that will probably benefit most from TaTME is needed, to offer a patient 
tailored treatment approach. This will hopefully further improve oncological outcomes 
after TaTME for rectal cancer patients. 

Lastly, although this thesis aided in the assessment of short-term and oncological 
safety of TaTME, a final answer on the efficacy and safety of TaTME can only be given 
by a randomised controlled trial. At present, the COLOR III trial(26) and RESET trial(27) 
are underway. With the information they will provide, we will hopefully definitively 
state what the real benefits and risks of TaTME are. Yet, these outcomes are not 
expected within the next few years. In the meantime, prospective observational 
studies, like the ones conducted in this thesis, remain the best level of evidence 
available momentarily.  
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Transanale totale mesorectale excisie (TaTME) is een relatief nieuwe chirurgische 
procedure voor het verwijderen van het rectumcarcinoom. 
Dit proefschrift is om de oncologische veiligheid van TaTME voor patiënten met een 
rectumcarcinoom te onderzoeken. Hiervoor hebben we de volgende hoofdvragen 
onderzocht: 

1. Wat is de histopathologische uitkomst (beoordeling van de compleetheid 
van het TME preparaat en tumor positieve resectiemarges) van TaTME? 
Oftewel wat zijn de korte termijn resultaten? - Deel 1

2. Wat is de kans op een lokaal recidief en op ziektevrije overleving na TaTME? 
Oftewel wat zijn de oncologische resultaten? - Deel 2

In de Introductie werd in Hoofdstuk 1 de evolutie van TaTME als chirurgische 
behandeling van het rectumcarcinoom beschreven. Het proces van chirurgische 
innovatie is in het verleden vaak slecht gereguleerd en ongestructureerd geweest. 
Het IDEAL-framework werd daarom ontwikkeld als een geïntegreerd evaluatietraject 
voor de implementatie van nieuwe chirurgische ingrepen. Het bestaat uit 
verschillende fasen, van Idea, Development en Exploration naar Assessment en 
Longterm studies. In dit overzichtsartikel beschreven we de ontwikkeling van TaTME 
volgens deze fasen. We concludeerden dat de implementatie van TaTME het IDEAL-
framework vrij nauw volgde. Er zijn uitgebreide preklinische studies gedaan op 
kadavers en dieren om aan te tonen dat het Idea haalbaar was. In de Development-
fase werden de exacte stappen van de techniek verfijnd en het oprichting van de 
Internationale TaTME registry zorgde voor een snelle Exploratie van de veiligheid. 
Echter de snelle wereldwijde verspreiding van de techniek en de vroege verschuiving 
naar de Assessment-fase, voordat de stappen van de techniek en de ideeën over 
training volledig gestandaardiseerd waren, waren niet in overeenstemming met de 
IDEAL-aanbevelingen. 

Deel 1 van dit proefschrift was gericht op de Assessment-fase, waar de veiligheid en 
effectiviteit van TaTME werd vergeleken met de standaard laparoscopische TME 
benadering, en in Deel 2 onderzochten we de oncologische resultaten van TaTME op 
langere termijn. 

Deel 1 - Korte termijn resultaten 

In Hoofdstuk 2 hebben we de korte termijn uitkomsten van een gematcht cohort van 
TaTME en lapTME casussen vergeleken, specifiek voor het MRI-gedefinieerde lage 
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rectumcarcinoom. Door te focussen op deze lage tumoren, waarvan bekend is dat ze 
meer intra-operatieve problemen opleveren, verwachtten we dat het percentage 
histopathologisch positieve resectiemarges (R1) lager zou zijn in de TaTME groep. De 
uitkomsten toonden echter aan dat het R1 percentage niet significant verschilde in 
dit relatief kleine cohort van 41 patiënten in elke groep (5% in TaTME versus 12% in 
lapTME, P=0.432). Desondanks was TaTME wel voordeliger wat betreft het aantal 
conversies (0% in TaTME versus 22% in lapTME, P<0,001). Om tot betrouwbaardere 
resultaten te komen, is vervolgens een groter onderzoek opgezet onder acht andere 
internationale centra, waarvan de resultaten worden besproken in Hoofdstuk 10. 

In Nederland werd TaTME voor het eerst uitgevoerd in 2012 en in de loop der jaren is 
het aantal centra dat deze nieuwe techniek toepast gestaag toegenomen, tot 44 
Nederlandse centra in 2017. De uitkomsten van TaTME in Nederland was de focus 
van Hoofdstuk 3. Alle TaTME’s verricht tussen 2015-2017 (n = 416) werden 
geëxtraheerd van de obligatoire Dutch Colorectal Audit en vergeleken met een 
propensity matched cohort van lapTME van dezelfde audit. Het percentage positieve 
circumferentiële resectiemarges (CRM+) was 4% in beide groepen. Daarnaast lag het 
percentage conversies significant lager in de TaTME groep (1.5% versus 8.6%, 
P<0,001). Deze landelijke studie toonde aan dat de implementatie van TaTME in 
Nederland veilig was,  wanneer werd vergeleken met de gevestigde lapTME. 

In Hoofdstuk 4 hebben we de korte termijn resultaten van TaTME opnieuw op 
nationaal niveau bekeken, maar dan met gegevens van de vrijwillige Internationale 
TaTME registry. Alle TaTME’s die vanuit het Verenigd Koninkrijk (VK) werden 
geregistreerd in de periode 2013- 2018 werden geïncludeerd. Dit betrof 513 TaTME’s 
vanuit 42 centra in het VK. Deze studie toonde eveneens goede resultaten op korte 
termijn, met een R1 van 4%. Desalniettemin toonde een aanvullende vragenlijst 
onder colorectale chirurgen, met een respons van 80%, dat het type training dat zij 
hadden gevolgd voor TaTME sterk verschilde. Dit kon een kadavercursus zijn, het 
bijwonen van een TaTME procedure of alleen het bestuderen van online literatuur. 
Van deze chirurgen had 76% TaTME op hun afdeling geïmplementeerd. Allen gaven 
aan moeilijkheden te ondervinden tijdens een procedure, en de meerderheid gaf aan 
dat ze achteraf gezien nooit hun eerste casus zonder een proctor zouden hebben 
uitgevoerd. Uit deze resultaten kunnen we concluderen dat hoewel de resultaten op 
korte termijn goed waren, de beschikbare training heterogeen was en niet alle 
chirurgen zich bekwaam voelden in de techniek. We merkten op dat deze resultaten 
de noodzaak van een gestructureerd trainingsprogramma benadrukt, dat niet alleen 
gericht is op het leren van de techniek, maar ook op begeleiding bij de implementatie 
ervan. 
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Risicofactoren voor CRM+ na conventionele lapTME zijn tumor-gerelateerde 
factoren, zoals een lage tumor en anterieure locatie, en patiënt-gerelateerde 
factoren, zoals mannelijk geslacht en obesitas. Er was echter weinig informatie over 
voorspellende factoren voor CRM+ na TaTME. Deze factoren kunnen verschillen van 
de factoren die bij lapTME een rol spelen, gezien de verschillende benadering van 
onderaf in TaTME. In Hoofdstuk 5 includeerden we 2653 patiënten van de 
Internationale TaTME registry. Het CRM+  percentage was 4%. Met behulp van een 
voorspellend model, ontdekten we dat voorspellende factoren voor CRM+ in TaTME 
uitsluitend tumor-gerelateerde factoren waren, met name tumoren binnen 1 
centimeter van de anorectale junctie (ARJ), anterieure locatie, klinisch tumorstadium 
4 en MRI bevindingen van extramurale vasculaire invasie (EMVI+) en bedreigde CRM 
preoperatief. Wanneer alle risico factoren aanwezig zouden zijn in een patiënt, was 
het voorspelde risico op CRM+ wel 28%. Kennis van deze factoren zou chirurgen 
kunnen helpen bij de juiste selectie van patiënten die in aanmerking komen voor 
TaTME, en bij het vermijden van de hoog risico patiënten vroeg in de leercurve. Dit 
zal hopelijk leiden tot verbeterde histopathologische uitkomsten. 

Deel 2 - Oncologische resultaten 

Na de gunstige korte termijn resultaten van Deel 1, werden oncologische resultaten 
beoordeeld in Deel 2. Oncologische resultaten na conventionele TME werden 
beschreven in Hoofdstuk 6. Dit was een landelijk cross-sectioneel onderzoek, waarin 
1197 lage anterieure resecties (LAR) vanuit 71 Nederlandse ziekenhuizen werden 
geïncludeerd, met een lange follow-up van 42 maanden. De darmcontinuïteit werd bij 
25% niet hersteld en deze groep (niet-restoratieve LAR (n-rLAR); Hartmanns-
resectie) werd vergeleken met patiënten die wel een anastomose kregen voor 
continuïteit (restoratieve LAR (rLAR). Het drie-jaar lokaal recidief (LR) percentage 
was 3% na rLAR en 8% na n-rLAR. Hoewel n-rLAR-patiënten gemiddeld 10 jaar ouder 
waren, hogere ASA-scores hadden en lagere tumoren, vonden we dat n-rLAR toch 
onafhankelijk geassocieerd was met een driemaal hogere kans op LR dan rLAR. 

In 2019 werd er bezorgdheid geuit over de oncologische veiligheid van TaTME, vooral 
wat betreft hoge LR percentages en nog verontrustender, een multifocaal 
verspreidingspatroon, dat nooit werd gezien bij conventionele TME. De laatste 
hoofdstukken waren er daarom op gericht oncologische uitkomsten na TaTME te 
onderzoeken. 

Hoofdstuk 7 was een studie waarin 767 TaTME patiënten vanuit zes tertiaire centra 
werden geïncludeerd. Het doel was de oncologische veiligheid van TaTME  op het 
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gebied van LR percentage en de plaats van het recidief te bepalen. Het twee-jaar LR 
percentage in deze groep was 3% en nog belangrijker, bij geen van de patiënten werd 
een multifocaal recidief waargenomen. Daarom concludeerden we dat in deze studie 
een goede controle van ziekte werd bereikt na TaTME. 

In Hoofdstuk 8 werden de resultaten van 2803 patiënten van de Internationale 
TaTME registry geanalyseerd. In deze grote prospectieve studie was het twee-jaar LR 
percentage 5% met een multifocaal type van verspreiding in 4%. De ziektevrije 
overleving en de totale overleving na twee jaar waren respectievelijk 77% en 92%. 
Deze studie ondersteunt de oncologische veiligheid van TaTME en draagt bij aan de 
schaarste en controverse in gepubliceerde literatuur over LR na TaTME. 

In de laatste Hoofdstukken 9 en 10 werden de oncologische uitkomsten van TaTME 
vergeleken met de conventionele lapTME. Hoofdstuk 9 was een studie met 
patiëntgegevens van drie centra en vergeleek 344 TaTME patiënten met 366 lapTME 
patiënten. We vonden een drie-jaar LR percentage van 3.6% in de TaTME groep en 
van 9.6% in de lapTME groep (P=0.001). Het verschil kan mogelijk verklaard worden 
door het hogere aantal complete- of bijna complete TME resecties in de TaTME 
groep (99% versus 94%) en lagere CRM+ ratio. De follow-up periode was echter 
langer in de lapTME groep (28 maanden versus 61 maanden), wat mogelijk heeft 
bijgedragen aan de gunstige oncologische resultaten voor TaTME op het eindpunt 
van drie jaar. In Hoofdstuk 10 werd minimaal invasieve abdominale TME (aTME) 
(n=413) vergeleken met TaTME (n=384), specifiek voor het MRI-gedefinieerde lage 
rectumcarcinoom. We vonden vergelijkbare R1 percentages voor aTME en TaTME 
(11% versus 14%, P=0.350), evenals geen verschil in twee-jaar LR (4.6% versus 4.7%, 
P=0.707), DFS (77% versus 82 %, P=0.079) en OS (91% versus 94%, P=0.104). We 
concludeerden dat er aanvaardbare oncologische resultaten werden gevonden in dit 
cohort van MRI-gedefinieerde lage rectumtumoren, met op dit moment in de tijd 
gelijkwaardigheid van aTME en TaTME. 

Uit Deel 2 kunnen we daarom opmaken dat TaTME een oncologisch veilige optie lijkt 
voor de chirurgische behandeling van patiënten met een rectumcarcinoom. 

Dit proefschrift was een poging om de korte termijn en oncologische veiligheid van 
TaTME voor patiënten met rectumcarcinoom beter te begrijpen. Van Deel 1 leerden 
we dat belangrijke histopathologische kenmerken vergelijkbaar waren met 
conventionele lapTME. Dit suggereert veiligheid op korte termijn van deze relatief 
nieuwe techniek. In Deel 2 werden de recentelijk veel besproken oncologische 
uitkomsten na TaTME onderzocht. We vonden adequate lokale controle na TaTME, 
wat wijst op oncologische veiligheid van TaTME. Voor een definitief antwoord op de 
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veiligheid en effectiviteit van TaTME zullen we echter moeten wachten op de 
uitkomsten van gerandomiseerd onderzoek, zoals de COLOR III trial en de GRECCAR 
trial. 

223



Appendices 

List of co-authors 

Arnold, S.,  
Department of Colorectal Surgery, Basingstoke and North Hampshire Hospital, United Kingdom 

Bemelman, W.A. 
Department of Surgery, Amsterdam University Medical Centers (AMC), the Netherlands 

Blok, R.D. 
Department of Surgery, Amsterdam University Medical Centers (AMC), the Netherlands 

Borstlap, W.A. 
Department of Surgery, Amsterdam University Medical Centers (AMC), the Netherlands 

Bravo, R. 
Gastrointestinal Surgery Department, Hospital Clínic of Barcelona, Spain 

Brown, G. 
Department of Radiology, The Royal Marsden NHS, London, United Kingdom 

Buchs, N. 
Service of Visceral surgery, Geneva University Hospitals and Medical School, Swiss 

Candido di, F. 
Department of Colon and Rectal Surgery, Humanitas Clinical and Research Center, Rozzano, 
Milano, Italy 

Cardepont, M. 
Department of Digestive Surgery, Hôpital Haut-Lévèque, Université de Bordeaux, France 

Castells, S. 
Department of Gastroenterology, University of Barcelona, Spain. 

Conte lo, A. 
Department of Surgery, Mater Dei Hospital Rome, Italy 

Cunningham, C. 
Department of Colorectal Surgery, Churchill Hospital, Oxford University Hospital, United Kingdom 

Dekker, J.W.T. 
Department of Surgery, Reinier de Graaf Hospital, Delft, the Netherlands 

Denost, Q. 
Department of Digestive Surgery, Hôpital Haut-Lévèque, Université de Bordeaux, France 

Detering, R. 
Department of Surgery, Amsterdam University Medical Centers (AMC), the Netherlands 

D'Hoore, A. 
Department of Abdominal Surgery, University Hospital Leuven, Belgium 

224



List of co-authors 

Dieren van, S. 
Department of Epidemiology, Amsterdam University Medical Centers (AMC), the Netherlands 

Faneyte, I. 
Department of Surgery, Ziekenhuis Groep Twente, Almelo, the Netherlands 

Foppa, C. 
Department of Colon and Rectal Surgery, Humanitas Clinical and Research Center, Milano, Italy 

Francis, N. 
Department of Colorectal Surgery, Yeovil District Hospital, United Kingdom 

Guy, R.J. 
Department of Colorectal Surgery, Churchill Hospital, Oxford University Hospital, United Kingdom 

Heman, J. 
Department of Colorectal Surgery, Churchill Hospital, Oxford University Hospital, United Kingdom 

Hirst, A.  
Nuffield Department of Surgical Sciences, University of Oxford, United Kingdom 

Hompes, R. 
Department of Surgery, Amsterdam University Medical Centers (AMC), the Netherlands 

Houben, B. 
Department of Surgery, Jessa Hospital, Hasselt, Belgium 

Jones, O.M. 
Department of Colorectal Surgery, Churchill Hospital, Oxford University Hospital, United Kingdom 

Knol, J.J. 
Department of Surgery, Jessa Hospital, Hasselt, Belgium 

Kusters, M. 
Department of Surgery, Amsterdam University Medical Centers (VuMC), the Netherlands 

Laarhoven van, J. 
Department of General Surgery, Jeroen Bosch Ziekenhuis, ’s Hertogenbosch, the Netherlands 

Lacy de F.B. 
Gastrointestinal Surgery Department, Hospital Clínic of Barcelona, Spain 

Lacy, A.M. 
Gastrointestinal Surgery Department, Hospital Clínic of Barcelona, Spain 

Lefevre, J. 
Department of Surgery, Saint Antoine, Paris, France 

Lindsey, I. 
Department of Colorectal Surgery, Churchill Hospital, Oxford University Hospital, United Kingdom 

225



Appendices 

M. Penna 
Department of Colorectal Surgery, Churchill Hospital, Oxford University Hospital, United Kingdom

Mackenzie, H. 
Department of Surgery and Cancer, Imperial College London, United Kingdom 

Martín-Pérez, B. 
Department of Abdominal Surgery, University Hospital Leuven, Belgium 

Moran, B. 
Department of Colorectal Surgery, Basingstoke and North Hampshire Hospital, United Kingdom 

Oostendorp van, S.E. 
Department of Surgery, Amsterdam University Medical Centers (VuMC), the Netherlands 

Otero-Piñeiro, A. 
Gastrointestinal Surgery Department, Hospital Clínic of Barcelona, Spain 

Parc, Y. 
Department of Surgery, Saint Antoine, Paris, France 

Park, S.C. 
Department of Surgery, National Cancer Center, Seoul, Korea 

Penna, M.  
Department of Surgery, Oxford University Hospitals, Oxford, United Kingdom 

Poppel van, R. 
Department of Surgery, Gelderse Vallei Hospital, Ede, the Netherlands 

Ríos, J. 
Biomedical Research Institute, Faculty of Medicine, Barcelona, Spain. 

Ris, F. 
Service of Visceral surgery, Geneva University Hospitals and Medical School, Swiss 

Rullier, E. 
Department of Digestive Surgery, Hôpital Haut-Lévèque, Université de Bordeaux, France 

Sands, D. 
Department of Surgery, Cleveland Clinic-Weston, Florida, United States 

Setton, I. 
Department of Surgery, Cleveland Clinic-Weston, Florida, United States 

Sharabiany, S. 
Department of Surgery, Amsterdam University Medical Centers (AMC), the Netherlands 

Sietses, C. 
Department of Surgery, Gelderse Vallei Hospital, Ede, the Netherlands 

226



List of co-authors 

Slater, A. 
Department of Radiology, Churchill Hospital, Oxford University Hospitals NHS Foundation Trust, 
United Kingdom 

Spinelli, A. 
Department of Colon and Rectal Surgery, Humanitas Clinical and Research Center, Milano, Italy 

Steen Van de, K. 
Department of Surgery, Jessa Hospital, Hasselt, Belgium 

Tanis, P.J. 
Department of Surgery, Amsterdam University Medical Centers (AMC), the Netherlands 

Tekkis, P. 
Department of Colorectal Surgery, The Royal Marsden Hospital, Imperial College London, United 
Kingdom 

Tuynman, J.B. 
Department of Surgery, Amsterdam University Medical Centers (VuMC), the Netherlands 

Valverde, S. 
Gastrointestinal Surgery Department, Hospital Clínic of Barcelona, Spain 

Verhagen, T. 
Department of Surgery, Ziekenhuis Groep Twente, Almelo, the Netherlands 

Visser, T. 
Department of Surgery, Gelderse Vallei Hospital, Ede, the Netherlands 

Warusavitarne, J. 
Department of Colorectal Surgery, St Mark’s Hospital, United Kingdom 

Wexner, S.D. 
Department of Surgery, Cleveland Clinic-Weston, Florida, United States 

Wolthuis, A.M.  
Department of Abdominal Surgery, University Hospital Leuven, Belgium 

Wynn, G. 
Department of Colorectal Surgery, Colchester Hospital University, United Kingdom 

227



Appendices 

List of publications 

F.B. de Lacy, S.X. Roodbeen, J. Ríos, J. van Laarhoven, A. Otero-Piñeiro, R. Bravo, T. 
Visser, R. van Poppel, S. Valverde, R. Hompes, C. Sietses, A. Castells, W.A. 
Bemelman, P.J. Tanis, A.M. Lacy 
Three-year outcome after transanal versus laparoscopic total mesorectal excision in 
locally advanced rectal cancer: a multicenter comparative analysis 
BMC Cancer. 2020 Jul 20;20(1):677.  

van Oostendorp S.E., Roodbeen S.X., Chen C.C., Caycedo-Marulanda A., Joshi H.M., 
Tanis P.J., Cunningham C., Tuynman J.B., Hompes R. 
Transperineal minimally invasive APE: preliminary outcomes in a multicenter cohort 
Tech Coloproctol. 2020 Jun 16. Epub ahead of print. 

S.X. Roodbeen, F.B. de Lacy, R. Hompes
Response to the Comment on ”Neyman’s Bias in Online Voluntary Databases!’’
Annals of Surgery. 2020. Epub ahead of print.

S.X. Roodbeen, A. Spinelli, W.A. Bemelman, et al.
Local recurrence after Transanal Total Mesorectal Excision: A multicenter cohort study.
Annals of Surgery. 2020. Epub ahead of print.

S.X. Roodbeen, F.B. de Lacy, S. van Dieren, et al, on behalf of the International
TaTME Registry Collaborative.
Predictive Factors and Risk Model for Positive Circumferential Resection Margin Rate
After Transanal Total Mesorectal Excision in 2653 patients with Rectal Cancer.
Annals of Surgery. 2019 Nov; 270(5):884-891. 

S.X. Roodbeen, M. Penna, Steve Arnold, et al, on behalf of the  UK TaTME Registry
Collaborative.
A nationwide study on the adoption and surgical outcome since introduction of TaTME 
in the United Kingdom.
Minerva Chirurgica. 2019 Aug;74(4):279-288.

S.X. Roodbeen, A. lo Conte, A. Hirst, et al.
Evolution of Transanal Total Mesorectal Excision according to the IDEAL framework.
BMJ Surgery, Innovations & Health Technologies. 2019.

S.X. Roodbeen, R. Detering, S. van Oostendorp, et al, on behalf of the DCRA
collaborative.

228



List of publications 

Three-year nationwide experience with transanal total mesorectal excision for rectal 
cancer in the Netherlands: a propensity score-matched comparison with conventional 
laparoscopic total mesorectal excision.  
J Am Coll Surg. 2019 Mar;228(3):235-244. 

S.X. Roodbeen, M. Penna, H. Mackenzie, et al, on behalf of the DCRA collaborative.
Transanal Total Mesorectal Excision (TaTME) versus laparoscopic surgery for MRI-
defined low rectal cancer: a propensity matched analysis in a single center. 
Surg Endosc. 2018 Aug;33(8):2459-2467.

Collaborative authorship.  
Neoadjuvant (Chemo)radiotherapy With Total Mesorectal Excision Only Is Not Sufficient 
to Prevent Lateral Local Recurrence in Enlarged Nodes: Results of the Multicenter 
Lateral Node Study of Patients With Low cT3/4 Rectal Cancer.  
J Clin Oncol. 2019 Jan 1:37(1):33-43. 

Musters GD, Sloothaak DA, Roodbeen S, et al.  
Perineal wound healing after abdominoperineal resection for rectal cancer: a two-centre 
experience in the era of intensified oncological treatment.  
Int J Colorectal Dis. 2014 Sep:29(9):1151-1157. 

229



Appendices 

PhD Portfolio 

Name PhD student:  Sapho X. Roodbeen 
PhD period: December 2017 – May 2020 
Name PhD supervisors: Prof. dr. Willem A. Bemelman, Prof. dr. 

Pieter J. Tanis and dr. Roel Hompes 

1. PhD Training Year ECTS 

General courses 
Practical biostatistics 
Basic course legislation and organisation for clinical       
researchers (BROK) 
Didactic Skills 
Clinical Epidemiology 1: Randomized controlled trials 
Clinical Epidemiology 2: Observational epidemiology 
Clinical Epidemiology 3: Evaluation of Medial tests 
Clinical Epidemiology 4: Systematic reviews 
Scientific Writing in English for Publication 

2018 
2018 

2018 
2018 
2018 
2019 
2019 
2019 

1.1 
1.0 

0.4 
0.6 
0.6 
0.9 
0.7 
1.5 

Seminars, workshops and master classes 
Weekly department seminars, AMC 
Monthly Journal club, AMC 
Workshop Clinical Writing, BJS, Birmingham 

2017-2020 
2017-2020 
2018 

3.0 
3.0 
1.0 

Oral presentations 
MRI-defined low rectal cancer 
CRC regionaal symposium, Amsterdam, the Netherlands 

Pre-operatieve ijzersuppletie  bij anemische patiënten 
NVGE congres, Veldhoven, the Netherlands  

Results of TaTME in the United Kingdom 
ESCP, Nice, France 

TaTME vs lapTME in rectum carcinoom patiënten 
Researchbespreking G-4, AMC, the Netherlands 
DICA congress, Amsterdam, the Netherlands 

How to get FIT for surgery!?  
CCA seminar, AMC, the Netherlands 

Welke primaire rectumtumoren behoeven meer aandacht? 
Regionale avond CRC, VUmc, the Netherlands 

2018 

2018 

2018 

2018 
2019 

2018 

2019 

0.5 

0.5 

0.5 

0.5 
0.5 

0.5 

0.5 

230



PhD Portfolio 

Prediction model for CRM+ in 2653 TaTME patients 
ESCP, Vienna, Austria 

Oncological results  after TaTME for rectal cancer 
SICE symposium TATME, Ancona, Italy 
Wetenschapsdag Chirurgie, Amsterdam, the Netherlands 
ESCP, Virtual, Vilnius 

2019 

2019 
2019 
2020 

0.5 

0.5 
0.5 
0.5 

Poster presentations 
Change of surgical approach for low rectal cancer: a 12 year 
single centre experience 
EMCCC, Lisbon, Portugal  

Three-year nationwide experience with TaTME vs lapTME 
for rectal cancer in the Netherlands 
EMCCC, Lisbon, Portugal  

Oncological outcome between restorative and non-
restorative LAR in patients with rectal cancer?   
 ESCP, Vienna, Austria 

2019 

2019 

2019 

0.5 

0.5 

0.5 
Invited peer-review 

Colorectal Disease 
Surgical Endoscopy 
Colorectal Disease 

2019 
2020 
2020 

0.5 
0.5 
0.5 

(Inter)-national conferences 
Alpine Colorectal Meeting, Wengen
AG&M PhD student retreat
Chirurgendagen, Veldhoven
ESCP Annual Meeting, Nice
Najaarscongres NVGE, DDD, Veldhoven
EMCCC, Lisbon
Chirurgendagen, Veldhoven
DICA congres, Amsterdam
ESCP Annual Meeting, Vienna
TaTME Symposium, Ancona
Wetenschapsdag, Amsterdam
SEOHS, Amsterdam
ESCP, Virtual Meeting, Vilnius

2018 
2018 
2018 
2018 
2018 
2019 
2019 
2019 
2019 
2019 
2019 
2019 
2020 

0.5 
0.5 
0.5 
0.5 

0.25 
0.5 
0.5 

0.25 
0.5 

0.25 
0.25 
0.25 
0.5 

2. Teaching Year ECTS 

Tutoring, mentoring 
Master thesis: Anouk Prein
Bachelor thesis: Sophie Mosk
Mentoring group of 12 medical students (bachelor)

2018 
2018 
2019 

1.0 
1.0 
1.0 

231



Appendices 

Dankwoord 

Dit proefschrift was er niet gekomen zonder het vertrouwen en de steun van vele 
mensen. Graag wil ik enkelen in het bijzonder noemen. 

Beste leden van mijn promotiecommissie, dr. C.J. Buskens, prof. dr. M.A. 
Boermeester, prof. dr. E. Dekker, prof. dr. E.C.J. Consten, dr. J.B. Tuynman, prof. dr. 
J. Lefevre, veel dank dat u zitting heeft willen nemen in deze commissie en voor uw 
kritische blik op dit proefschrift.

Beste dr. Hompes, Roel, onze samenwerking begon in Oxford, toen jij me als medisch 
studente onder jouw hoede nam, en met een roadtrip en hamburgers terug naar 
Amsterdam. Ten eerste veel dank voor de vele internationale samenwerkingen die ik 
dankzij jou heb opgedaan. Ik moet eerlijk zeggen dat ik niet altijd even blij was 
wanneer de analyses van een project net klaar waren, en jij weer van een congres 
terugkwam met de boodschap dat we zeker de data van Korea, Parijs, Geneve, 
Milaan, Florida, etc, moesten includeren. Of wanneer er weer een extra project 
bedacht moest worden voor de vele internationale fellows die langskwamen. Maar 
dankzij jouw internationale netwerk hebben we vele multi-center studies kunnen 
uitvoeren, die tot mooie publicaties hebben geleid, waarvoor ik jou veel dank ben 
verschuldigd. Ik heb enorm veel bewondering voor jouw onuitputtelijke stroom 
ideeën voor nieuwe projecten en je gedrevenheid. Bedankt voor je vertrouwen in mij. 

Beste prof. Dr. W.A. Bemelman, beste Willem, de pater familias van de colorectale 
onderzoeksgroep. Bedankt dat je me de kans hebt gegeven deel uit te maken van de 
geweldige groep die jij hebt gecreëerd, een rijdende onderzoekstrein, altijd op weg 
naar succes. Je weet als geen ander deze groep bijeen te houden, door de talloze 
barbecues, nieuwjaarsborrels, en feestjes bij jou in Vinkeveen; onvergetelijk! 

Beste prof. Dr. P.J. Tanis, beste Pieter, dankzij jouw kritische blik en scherp oog voor 
detail werden alle manuscripten telkens weer naar een hoger niveau getild. Het was 
een eer om met je samen te werken. 

Dear Marta. You made me feel very welcome when I came to Oxford as a medical 
student and introduced me into the colorectal world. I really enjoyed working 
together with you and know we will continue to do so in the future. 

Lieve colorectals / Bemelbabes. Na een fantastisch ski-congres in Wengen in mijn 
eerste maand als onderzoeker voelde ik me direct thuis bij jullie. Zoveel 
herinneringen, met als hoogtepunten natuurlijk de congressen naar Nice, Lissabon en 
Wenen, en de vele barbecues en borrels in Vinkeveen, dank jullie! 

Alle onderzoekers van G-4, bedankt voor een geweldige promotietijd! Ik zal de talloze 
vrijmibo’s, koffie pauzes, feestjes, en met name natuurlijk de Skiweekends en 
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Zomerkampen niet snel vergeten. Het maakte de promotietijd een groot feest. Ik 
hoop jullie nog vaak binnen en buiten het ziekenhuis tegen te komen. 

Lieve bende van vriendinnen, aka Damesch 1; Floor, Isabelle, Anouk, Lotte en 
Maxime. Na 1 jaar elke dag samen in een roeiboot kenden we elkaar door en door. 
Tien jaar later sporten we gelukkig nog steeds samen. Dankzij de triatlons en 
hardloopwedstrijden met jullie bleef ik fit tijdens mijn promotietijd. En gelukkig 
weten we dat altijd weer te compenseren met appeltaart, borrels en etentjes. Ik weet 
zeker dat we onze Pinksterweekendjes ons hele leven blijven doen! 

Lieve Annick en Fleur, mijn oudste vriendinnen! Ik vind het heel speciaal dat we elkaar 
al zo lang kennen en ben dankbaar voor jullie lange vriendschap.  

Lieve Soof, Marlies, Bart, Lars, en Maarten, sinds het eerste jaar van Geneeskunde is 
het met jullie altijd een groot feest. Van daggeren op straatfeesten en jungletochten 
in Suriname, naar vele etentjes en borrel avonden aan de TVK en PH-kade, onze 
bijzondere reis door Tanzania, de Mont Ventoux op fietsen, jaarlijks Carnaval in Jocus 
Riék – het is eigenlijk te veel om op te noemen. Ik ben zo blij met jullie als vrienden en 
met het vooruitzicht dat deze lijst aan herinneringen alleen maar langer zal worden in 
de komende jaren. 

Mijn paranimfen. Nadieh, mijn tweelingzus, ik vind het zo gaaf en bijzonder dat je dit 
boekje voor mij hebt ontworpen, ik vind het waanzinnig mooi. Ik ben blij dat je, zoals 
altijd, naast me staat op deze dag. Maxime, tijdens onze promotietijd hebben we lief 
en leed gedeeld, bedankt dat je naast me staat om het samen af te sluiten. 

Alle Boodes en Roodbeenen, lieve familie, onwijs veel dank voor jullie interesse en 
vertrouwen. De wintersporten en etentjes met jullie zijn onvergetelijk. 

Lieve pap en mam. Bedankt voor het veilige nest wat jullie ons altijd hebben 
geboden. Jullie grenzeloze vertrouwen in ons was en is een geweldige basis om op te 
groeien en het leven te verkennen. Door jullie sta ik nu hier.  
Lieve Xaveer, wat vind ik het onbeschrijfelijk jammer dat je er niet bij kan zijn op deze 
dag. Maar ik ben ongelooflijk trots op jou dat je de eerste stappen van je carrière in 
Hongkong aan het zetten bent. Jouw optimisme en vrolijkheid zijn aanstekelijk! 
Lieve Nadieh, het is zo fijn te weten dat je er altijd voor me bent. Ik waardeer je 
eerlijkheid en je onfeilbare gevoel voor wat goed of fout is, ik blijf van je leren.  
En samen met Thomas, Wendy en Sunny is onze Grande Famille nu nog completer.  

Lieve Sunny, wat ben ik blij dat jij in mijn leven bent! Dit hele promotietraject stond jij 
naast me en wat heb ik een geluk met jouw onvoorwaardelijke steun en positiviteit.  
Ik zou niemand anders kunnen wensen om dit avontuur wat het leven is samen aan te 
gaan en ik kan niet wachten op wat we allemaal nog meer samen zullen gaan 
beleven. 
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