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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. 
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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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Prediction model for pathological involved resection margin 

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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