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Abstract

Background: Colorectal cancer screening programmes have led to a shift towards early-stage colorectal cancer, which, in selected cases,
can be treated using local excision. However, local excision followed by completion total mesorectal excision (two-stage approach) may
be associated with less favourable outcomes than primary total mesorectal excision (one-stage approach). The aim of this population
study was to determine the distribution of treatment strategies for early rectal cancer in the Netherlands and to compare the short-
term outcomes of primary total mesorectal excision with those of local excision followed by completion total mesorectal excision.

Methods: Short-term data for patients with cT1-2 NOxMO rectal cancer who underwent local excision only, primary total mesorectal
excision, or local excision followed by completion total mesorectal excision between 2012 and 2020 in the Netherlands were collected
from the Dutch Colorectal Audit. Patients were categorized according to treatment groups and logistic regressions were performed
after multiple imputation and propensity score matching. The primary outcome was the end-ostomy rate.

Results: From 2015 to 2020, the proportion for the two-stage approach increased from 22.3% to 43.9%. After matching, 1062 patients were
included. The end-ostomy rate was 16.8% for the primary total mesorectal excision group versus 29.6% for the local excision followed by
completion total mesorectal excision group (P <0.001). The primary total mesorectal excision group had a higher re-intervention rate
than the local excision followed by completion total mesorectal excision group (16.7% versus 11.8%; P =0.048). No differences were
observed with regard to complications, conversion, diverting ostomies, radical resections, readmissions, and death.

Conclusion: This study shows that, over time, cT1-2 rectal cancer has increasingly been treated using the two-stage approach. However,
local excision followed by completion total mesorectal excision seems to be associated with an elevated end-ostomy rate. It is important
that clinicians and patients are aware of this risk during shared decision-making.

considered sufficient. Risk factors such as poor differentiation, a
positive resection margin (R1), lymphovascular invasion, and
tumour budding have been shown to be associated with an
increased risk of recurrence®®. Therefore, when these risk factors
are documented for the resected specimen, early completion TME
(cTME) is recommended by guidelines’*.

Staging of early rectal cancer wusing endoscopy,
ultrasonography, or MRI is not accurate enough to distinguish
low-risk T1 tumours from high-risk T1 and early T2 tumours'®*2.
A possible approach could be performing an LE to obtain a

Introduction

Since the implementation of the colorectal cancer screening
programme in the Netherlands in 2014, an incidence shift
towards early-stage cancer has been observed®. This shift has led
to more interest in local therapy preserving the organ, avoiding
radical surgery. For rectal cancer, the impact of radical surgery in
the form of total mesorectal excision (TME) is relatively high,
with associated morbidity, poor functional outcomes, and high
ostomy rates that contribute to a decrease in quality of life?™.
Therefore, less invasive treatment strategies for early rectal
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cancer, such as endoscopic or surgical local excision (LE), have
gained popularity over the last decade. For pT1 rectal tumours
without histopathological risk factors, treatment with LE only is

pathological assessment. Subsequently, for those patients with
high-risk lesions, a ¢cTME is performed, the so-called two-stage
approach. However, a national study showed that 71% of locally
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Fig. 1 Flow chart of patient selection
DICA, Dutch Institute for Clinical Auditing; TME, total mesorectal excision.

resected high-risk lesions did not undergo further radical
treatment, probably due to the presumed complexity of cTME, as
well as patient wishes'®. Although limited literature is available
and small studies have reported conflicting results, cTME may be
associated with worse outcomes, including high end-colostomy
rates, poor specimen quality, higher risks of rectal perforation,
and increased re-intervention rates**?'. These outcomes could
potentially cause surgeons to opt for a primary TME (that is the
one-stage approach) instead of performing an LE first. Therefore,
it is important to investigate whether a rectal-sparing LE is a safe
first step in treatment for early rectal cancer, avoiding
unnecessary undertreatment and overtreatment®™ The aim of
this population-based study was to determine the distribution of
the chosen treatment strategies (one-stage versus two-stage
approach) for cT1-2NOxMO rectal cancer in the Netherlands
between 2012 and 2020 and to compare the short-term outcomes
of primary TME with those of LE followed by cTME.

Methods

This study was not pre-registered in an independent, institutional
registry.

Patients and outcomes

Patient data for this observational retrospective nationwide
cohort study were collected from the national Dutch Colorectal
Audit (DCRA), coordinated by the Dutch Institute for Clinical
Auditing (DICA). This database contains short-term (less than
90 days) follow-up data for all colorectal cancer patients in the
Netherlands who received a surgical intervention. The study
included all patients aged greater than or equal to 18 years with
cT1-2 NOxMO rectal carcinoma who underwent a primary TME,
a surgical LE, or an LE (endoscopic or surgical) followed by cTME
(LE + cTME) between 2012 and 2020. The only exclusion criterion
was neoadjuvant treatment. For the first part of the study,
outcomes included the distribution of surgical treatment
strategies for cT1 and cT2 tumours and the proportion of
one-stage and two-stage procedures per year. The primary
outcome of the comparison between primary TME and LE+
cTME was the end-ostomy rate. Secondary outcomes included
postoperative complications within 90 days, conversion rate,
diverting ostomy rate, radical (RO) resections (tumour tissue less

than or equal to 1mm from the resection margin),
re-interventions, readmissions, and postoperative deaths within
90 days. The postoperative complication pelvic sepsis was
defined as anastomotic leakage and/or pelvic abscess formation.

Statistical analysis

Patient characteristics, tumour characteristics, perioperative data,
and short-term outcomes are described using descriptive statistics.
Categorical data are presented as n (%) and continuous variables
are presented as mean (95% ci). Univariable analyses were
performed using logistic regressions. The results are presented as
OR (95% ci). To reduce potential confounding, multiple
imputation by chained equations of missing variables was
performed by making five imputation sets using predictive mean
matching. Furthermore, propensity score matching was performed
using the Matchthem package®”. Propensity score matching was
done based on age, distance to the anorectal junction in mm, ASA
grade, and cT category using a variable matching ratio, with a
maximum of 1:32. P<0.050 was considered statistically
significant. All statistical analyses were performed using both
SPSS® (IBM, Armonk, NY, USA; version 26) and R (version 4.2.1).

Results
Patient and tumour characteristics

Between 2012 and 2020, a total of 4154 patients received surgical
treatment for cT1-2 NOxMO rectal carcinoma in the Netherlands
and were included in this study. Of these patients, 1103
underwent LE only, 2706 underwent primary TME, and 345
underwent LE+cTME. A flow chart of patient selection is
presented in Fig. 1. Patient and tumour characteristics of these
unmatched groups are presented in Table S1.

Distribution of chosen treatment per year

Figure 2 shows the number of surgical procedures for cT1-2 rectal
cancer per year in the Netherlands. From 2012 until 2016, the total
number of surgical procedures for early-stage rectal cancer
increased from 193 to 663, with a steep incline in 2014.
Subsequently, this number decreased from 663 in 2016 to 424 in
2020, which corresponds to the observed decline in the overall
incidence of rectal carcinoma in the Netherlands during these
years, shown in Fig. 3%.
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Fig. 2 Number of surgical procedures for cT1-2 rectal cancer per year in the Netherlands
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TME, total mesorectal excision.

The proportions of each treatment group per year are
presented in Fig. 4. For primary TME, percentages varied over
the years: 64.2% in 2012 compared with 56.1% in 2020. The same
applies for LE only: 31.6% in 2012 compared with 28.8% in 2020.
Although the primary TME and LE percentages vary (in opposite
directions) and with no clear trend over the years, the
percentage of patients treated with LE+cTME seems to have
increased from 2015 onwards; the percentages were 3.1% and
15.1% in 2015 and 2020 respectively.

In addition, when separating groups into one-stage (primary
TME) and two-stage (surgical LE only and LE+cTME)
approaches, a decreasing trend regarding the one-stage
approach can be observed from 2015 onwards (77.7% in 2015

and 56.1% in 2020), as well as an increase in the two-stage
approach (22.3% in 2015 and 43.9% in 2020) (Fig. 5). In particular,
from 2018 to 2020, the percentages for both approaches are
close to 50% (Fig. 5). Similar charts for cT1 and cT2 tumours are
presented in Figure S1 and Figure S2 respectively. From 2015 to
2020, an increase in the two-stage approach can be seen for cT1
and cT2 tumours: 54.7% in 2015 and 87.2% in 2020 for cT1
tumours and 8.3% in 2015 and 24.1% in 2020 for cT2 tumours.

Primary total mesorectal excision versus
completion total mesorectal excision

Table 1 shows the patient and tumour characteristics of the
primary TME group and LE+cTME group before and after
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propensity score matching with corresponding standardized
mean differences (SMDs).

Before matching, the primary TME group included older
patients (68 versus 66.4 years) and more cT2 tumours (85.7%
versus 42.3%). For the primary TME group, the tumours were
located more proximally, with a mean distance from the
anorectal junction of 90.6 mm versus 59.5 mm for the LE + cTME
group (P <0.001). After propensity matching for age, distance to
the anorectal junction, ASA grade, and cT category, the primary
TME group comprised 740 patients and the LE+cTME group
comprised 322 patients. After matching, differences in cT
category and distance from the anorectal junction remained
significant. Univariable logistic regression analyses with
corresponding ORs after propensity score matching of the
primary and secondary outcomes are shown in Table 2.

Perioperative outcomes

Perioperative outcomes are presented in Table 3. After matching,
the end-ostomy rate was significantly higher for patients who
underwent LE+cTME compared with the patients who
underwent primary TME (29.6% versus 16.8%; OR 2.21 (95% c.i.
1.59 to 3.05); P<0.001). In addition, the mean time interval
between diagnosis and first surgery was longer for the LE + cTME
group compared with the primary TME group (LE+cTME 48.0
days versus primary TME 42.6 days; P=0.025). Conversion rates
were comparable for the two groups: 4.7% and 5.0% for the
primary TME group and the LE+cTME group respectively (OR
1.04 (95% c.i. 0.52 to 2.08); P=0.911). The diverting ostomy rate
was similar for the two groups (22.7% for the primary TME
group versus 19.2% for the LE+ cTME group; OR 0.815 (95% c.i.
0.56 to 1.18); P=0.266).

Histopathological outcomes

Histopathological outcomes are presented in Table 4. After
matching, the primary TME group included slightly more pT1
tumours (39.9% versus 35.4%; P=0.001) and pT3 tumours (19.0%
versus 16.4%; P <0.001), whereas the LE+cTME group included
slightly more pT2 tumours (38.1% versus 37.6%; P=0.003) and
PN1 tumours (20.1% versus 17.9%; P=0.046). Also, the LE + cTME
group included more tumours with a poor differentiation grade
(6.9% versus 1.7%; P<0.001) and more mucinous carcinomas
(5.4% versus 2.6%; P=0.038). All other histopathological
outcomes, including the rate of RO resections, were comparable
for the two groups (Table 4).

Postoperative outcomes

Table 5 shows the postoperative outcomes of both groups.
Complications within 90 days occurred in 32.6% of primary TME
patients and in 30.0% of LE+cTME patients (OR 0.89 (95% c.i.
0.66 to 1.21); P=0.448). More detailed analyses revealed that
pulmonary events occurred more frequently in primary TME
patients (4.6% versus 1.6%; P=0.023), whereas more LE+cTME
patients developed an ileus (5.4% versus 2.4%; P=0.019). Primary
TME patients required more re-interventions (16.7% versus
11.8%; OR 0.67 (95% c.i. 0.45 to 1.00); P=0.047). No differences
between primary TME patients and LE+cTME patients were
observed with regard to anastomotic leakage (13.0% versus
10.6% respectively; P=0.381), pelvic sepsis (13.8% versus 11.5%
respectively; P=0.418), surgical complications (24.0% versus
21.4% respectively; P=0.365), readmissions (12.8% versus 13.2%
respectively; P=0.877), and deaths within 90 days (1.1% versus
0.6% respectively; P=0.463).

Discussion

This nationwide population study evaluated treatment strategies
in early rectal cancer between 2012 and 2020 and compared the
short-term outcomes of primary TME with those of LE + cTME.
An increased incidence of two-stage procedures for both cT1
and cT2 rectal cancer was noted since 2015. Matched
comparison revealed a significantly higher end-ostomy rate of
29.6% for the LE + cTME group versus 16.8% for the primary TME
group (OR 221 (95% ci. 1.59 to 3.05)). Although more
re-interventions were observed for patients who underwent
primary TME compared with patients who underwent LE+
cTME, complication rates within 90 days were similar for both
groups of patients.

Since the introduction of the bowel cancer screening
programme in the Netherlands in 2014, the number of surgical
procedures for both rectal carcinomas in general (stages 1-4)
and early-stage carcinomas has increased temporarily. From
2015, there has been a steep decline in the total number of
surgical interventions for all stages; however, this is not seen for
early-stage rectal tumours, for which the number of procedures
has decreased minimally. A previous study comparing the effect
of colorectal screening programmes in European countries
showed a similar peak and subsequent decline in Denmark,
Belgium, and Slovenia’*. These countries showed a rapid
screening uptake and a high screening coverage. In contrast,
colorectal cancer incidence either grew or remained steady in
nations without extensive screening programmes, including
Bulgaria, Estonia, and Norway?*. Besides the relative increase in
treatment of early-stage rectal cancer from 2015 to 2020, it
seems that the treatment approach has changed, reflecting the
demand for organ preservation and the expanding possibilities
in piecemeal and en-bloc resection techniques. Whereas, in 2012,
about two-thirds of patients with early-stage tumours were
treated using a one-stage approach (primary TME), the
two-stage approach (LE only or LE + cTME) has gained popularity
over recent years and accounted for nearly half of all
procedures in 2020. Nevertheless, the safety of the two-stage
approach is still under debate.

This study showed a significantly higher end-ostomy rate
within 90 days after surgery for LE +cTME patients compared
with primary TME patients after propensity score matching
(29.6% versus 16.8%). A potential explanation might be impaired
healing of the anastomosis due to the fibrotic scar or local
inflammation caused by the prior LE, which may contribute
to the complexity of cTME™. A nationwide study performed
in Norway also showed an increased end-colostomy rate after
LE+cTME for early-stage rectal cancer. However, the reported
ostomy rates were much higher in both groups (53% for the
LE+cTME group and 32% for the primary TME group) and the
reported difference was no longer significant after propensity
score matching”®. Another study showed a significantly higher
ostomy rate for LE+cTME patients compared with primary
TME patients (50.8% versus 45.9%; P=0.006)?°. The reported
differences in ostomy rates could possibly be explained by the
inclusion of abdominoperineal resections and Hartmann's
procedures, the prolonged follow-up of 5 years compared with
90 days, and the inclusion of advanced stages of rectal cancer. It
is important to acknowledge that the increased ostomy rate
may be due to multiple factors, including the tumour’s location,
the patient’s initial wish for organ preservation, surgeons’
preferences, and the selection of tumours with unfavourable
prognostic factors for the two-stage approach. Unfortunately,
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Fig. 4 Distribution of different surgical procedures for cT1-2 rectal cancer over time: primary TME versus local excision followed by completion TME

versus surgical local excision only
TME, total mesorectal excision.

information on the shared decision process was not available in
the DICA registry.

The comparable overall complication rates for the two groups is
in line with previous studies showing no significant differences
between primary TME and LE+cTME™Y%%  However, the
higher rate of re-interventions for primary TME patients
compared with LE+cTME patients (16.7% versus 11.8%) is in
contrast with the latest meta-analysis, which showed a higher
rate for LE+cTME compared with primary TME (11.6% versus
6.4%; OR 4.28 (95% c.i. 1.10 to 16.76); P<0.04)'. This difference
may be caused by the anastomosis rate for the primary TME
group compared with the LE+cTME group and the small
numbers of studies and patients included in the meta-analysis.
Another possible explanation is the difference in type of LE before
cTME. The meta-analysis focused on surgical full-thickness
excisions only, whereas the present study included both
full-thickness excisions and excisions that used more superficial
and less invasive LE techniques, such as submucosal and
intermuscular dissections, which may explain the lower rate of
re-interventions for the LE + cTME group, due to less scar tissue
and fewer anastomotic problems. Besides one study showing
more surgical complications for the LE+cTME group (57.1%
versus 20%; P =0.048)?°, other studies correspond to the present
data, showing no differences between the two groups™’é.
Although percentages of diverting ileostomies differ widely
among studies (ranging between 15.3% and 100%), no
differences were found between primary TME and LE+
cTME 15202126 In  addition, the comparable rates of
conversion, RO resections, anastomotic leakage, readmissions,
and death between primary TME and LE + cTME are consistent
with previous studies'*1>17-21:25:27,

Current histological risk stratification manages to recognize a
substantial proportion of T1 tumours as low risk. As a result of

the two-stage approach, these patients are treated sufficiently
using LE only and benefit from lesser morbidity and functional
complaints compared with primary TME treatment®?%%,
However, for the remaining proportion of patients, for whom
histopathological assessment reveals a high-risk pT1 or pT2
tumour, completion surgery is recommended and appears to be
associated with an increased risk of end colostomy compared
with primary TME. This is controversial and concerning, as end
colostomies are known to be associated with an impaired quality
of life, whereas the two-stage approach aims to result in
improved quality of life**!. Moreover, another study showed that
the risk of an ostomy is one of the main reasons for patients with
rectal cancer not to opt for surgery®®. Despite the fact that
accurate preoperative staging of early rectal cancer is challenging,
it is important to be aware that LE before TME surgery increases
the risk of an end colostomy and to inform patients on this
matter before the start of treatment®. For patients with very low
rectal cancers requiring abdominal perineal resection as primary
surgery, LE may be particularly suitable, as concerns about the
increased risk of end-ostomy are not applicable. Although not
included in this study, it is crucial to emphasize the significance
of long-term oncological outcomes, alongside morbidity and
ostomy rates, for informed shared decision-making. This study
focuses solely on short-term morbidity and ostomy rates, as
previously published studies showed compromised short-term
outcomes after two-stage procedures. Limited data are available
regarding long-term outcomes of cTME; however, a recent study
showed that ¢cTME does not compromise oncological outcomes
compared with primary resection®®. Valuable insights are
expected from the ongoing TESAR trial, a large randomized
national study that will assess oncological outcomes, including
local recurrence rate and overall survival, after cTME surgery in
comparison with those after adjuvant chemotherapy after LE and
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Table 1 Patient and tumour characteristics before and after propensity score matching

Unmatched cohort

Matched cohort

Primary TME  Local excision followed by SMD Primary TME  Local excision followed by P SMD
(n=2706) completion TME (n = 345) (n=740) completion TME (n = 322)
Female 1082 (40.0) 148 (42.9) 0.302 0.059 322 (43.5) 138 (42.8) 0.817 0.016
Age (years), mean 68.0 (67.7,68.4) 66.4 (65.4,67.3) 0.002* 0.181 66.8 (65.9,67.8) 66.4 (65.4,67.4) 0.544 0.046
(95% c1i.)
BMI (kg/m?), mean 26.5 (26.3,26.7) 26.3(25.9,26.7) 0.449 0.044 26.4(26.0,26.8) 26.4 (25.9,26.8) 0.874 0.012
(95% ci)
ASA grade 0.683 0.024 0.415 0.055
-1 2187 (80.8) 282 (81.7) 152 (20.6) 56 (17.3)
-1v 519 (19.2) 63 (18.3) 465 (62.9) 206 (64.1)
Distance from ARJ 90.6 (89.0,92.3) 59.5 (54.6,64.3) <0.001* 0.686 71.2(67.0,75.3) 64.5 (59.7,69.3) 0.040" 0.156

(mm), mean

(95% c.i.)

T <0.001* 1.013 <0.001* 0.252
cT1 387 (14.3) 199 (57.7) 312 (42.2) 176 (54.7)
T2 2319 (85.7) 146 (42.3) 427 (57.8) 146 (45.3)

oN 0.004* 0.141 0.104 0.132
cNO 2665 (98.5) 332(96.2) 728 (98.4) 310 (96.3)
eNx 41 (1.5) 13 (3.8) 12 (1.6) 12 (3.7)

Values are n (%) unless otherwise indicated. *Statistically significant. TME, total mesorectal excision; SMD, standardized mean difference; ARJ, anorectal junction.

the wait-and-see approach, significantly contributing to the
decision-making process®.

Given that all Dutch hospitals are mandated to register
their surgical data with the DICA, this study provides a high-quality
and realistic reflection of the current surgical treatment of early
rectal cancer in the Netherlands. Propensity matching for four
relevant factors improved the comparability of primary TME and LE
+CTME for a large group of patients. Although there were minor
remaining differences in cT category and distance from the
anorectal junction in the matched cohort, SMDs dropped
significantly, thereby minimizing selection bias.

This study has several limitations. The design of the study
based on the national DICA registry and the accompanying lack
of data, including the type of LE, tumour diameter, location of
the scar, histopathological risk factors of the LE specimen,
timing of completion surgery, and information on the
decision-making process (surgeon preferences in choice of
treatment and patient wishes), causes selection bias and is
therefore a limitation of this study. As the DCRA database only
contains data for patients who received a surgical intervention,
it was not possible to include patients who underwent
endoscopic LE only. Therefore, it was not possible to determine
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Table 2 Univariable logistic regression analyses of primary and secondary outcomes after propensity score matching

Primary TME (n=740)  Local excision followed by completion TME (n=322)  Univariable OR (95% c.i.) P
Conversion* 33 (4.7) 16 (5.0) 1.04 (0.52,2.08) 0.911
Anastomosis 603 (81.5) 215 (66.6) 0.45 (0.33,0.62) <0.0011
Diverting ostomy 168 (22.7) 62 (19.2) 0.81(0.56,1.17) 0.266
End-ostomy 125 (16.8) 95 (29.6) 2.21(1.59,3.05) <0.001t
RO (>1 mm) 730 (98.7) 318 (98.7) 1.10 (0.201,5.72) 0.904
Surgical complication 178 (24.0) 69 (21.4) 0.86 (0.62,1.20) 0.365
Anastomotic leakaget 79 (13.0) 23 (10.6) 0.79 (0.47,1.34) 0.381
Readmission <90 days 95 (12.8) 42 (13.2) 1.03 (0.67,1.60) 0.877
Re-intervention 124 (16.7) 38 (11.8) 0.67 (0.45,1.00) 0.0471
Deceased <90 days 8 (1.1 2 (0.6) 0.55 (0.11,2.72) 0.463
Complication <90 days 241 (32.6) 97 (30.0) 0.89 (0.66,1.21) 0.448

Values are n (%). *Primarily open procedures excluded. tStatistically significant. $Procedures without anastomosis excluded. TME, total mesorectal excision.

Table 3 Perioperative outcomes after propensity score matching

Primary TME Local excision P
(n=740) followed by
completion TME
(n=322)

Time between 42.6 (40.3,45.0) 48.0 (43.6,52.5) 0.025*

diagnosis and first

surgery (days),

mean (95% c.i.)
Conversiont 32.8 (4.7) 15.6 (5.0) 0.911
Diverting ostomy 168 (22.7) 62 (19.2) 0.266
End-ostomy 125 (16.8) 95 (29.6) <0.001*
Anastomosis 603 (81.5) 215 (66.6) <0.001*

Values are n (%) unless otherwise indicated. *Statistically significant. tPrimarily
open procedures excluded. TME, total mesorectal excision.

the percentage of patients who benefitted from the two-stage
approach and for whom radical surgery was prevented. For
patients treated with LE+cTME, data on both endoscopic and
surgical LE were available and both techniques were included.
In addition, the DCRA database included missing variables due
to alterations in registration protocols during the inclusion
interval. Multiple imputation was used to account for the
missing data instead of excluding many patients®. Moreover,
hospital volume and surgeons’ experience may influence
short-term  outcomes, such as end-colostomy rates.
Unfortunately, it was not possible to compare outcomes for low-
and high-volume centres. Lastly, no distinction could be made
between TME approaches (including laparoscopic TME,
transanal TME, and robotic TME) due to high percentages of
missing variables and relatively small groups. Nevertheless,
these population-based data are highly valuable to detect real
practice and publication bias present in cohort studies of
specialized centres is avoided. As transanal TME may provide a
better surgical overview of the tumour or fibrotic scar, future
research should focus on whether the TME approach influences
the end-ostomy rate.

This nationwide study on early rectal cancer showed an
increase in the popularity of the two-stage approach (LE
potentially followed by completion surgery) since 2015.
Nevertheless, LE followed by completion surgery was
associated with a higher end-ostomy rate compared with
primary TME. Despite the rate of re-interventions, which was
higher for primary TME, other outcomes, including
complications, conversion rate, diverting ostomy rate,
radical (RO) resection, readmissions, and death rate, were
similar for both groups. It is important that clinicians and
patients with early rectal cancer are aware of the higher

Table 4 Histopathological outcomes after propensity score
matching

Primary TME Local excision P
(n=740) followed by
completion TME
(n=322)
pT
pTO 12 (1.6) 20 (6.1) Reference
pT1 295 (39.9) 114 (35.4) 0.001*
pT2 277 (37.6) 123 (38.1) 0.003*
pT3 145 (19.0) 53 (16.4) <0.001*
pT4 6 (0.8) 1(0.4) 0.079
pTis 1(0.1) 1(0.3) >0.999
pTx 7 (0.9) 3(0.9) 0.126
Missing 1(0.1) 7 (2.3) -
pN
pNO 563 (76.1) 237 (73.6) Reference
pN1 132 (17.9) 65 (20.1) 0.046"
pN2 31 (4.2) 9(2.9) 0.059
pNx 8(1.1) 2(0.5) 0.041*
Missing 5(0.7) 9(2.9) -
Venous invasion
No 309 (41.8) 178 (55.4) Reference
Yes 72 (9.8) 47 (14.5) 0.599
Missing 358 (48.4) 97 (30.1) -
CRM
Not involved 650 (87.9) 221 (68.5) Reference
Involved 3(0.4) 1(0.4) 0.784
Missing 87 (11.7) 100 (31.1) -
R classification
>1mm 724 (97.9) 314 (97.5) Reference
0-1mm 1(0.2) 1(0.6) >0.999
Tumour in 8(1.1) 2(0.7) 0.696
resection plane
Missing 6 (0.9) 4(1.2) -
Differentiation
grade
Well to moderate 692 (93.5) 263 (81.7) Reference
Poor 13 (1.7) 22 (6.9) <0.001*
Missing 35 (4.8) 37 (11.2) -
Histological type
Adenocarcinoma 684 (92.4) 294 (91.2) Reference
Mucinous 20 (2.6) 17 (5.4) 0.038"*
carcinoma
Signet cell 4(0.6) 0 (0.0) 0.999
carcinoma
Other 7(0.9) 4(12) 0.652
Missing 25 (3.4) 7(2.2) -

Values are n (%). *Statistically significant. TME, total mesorectal excision; CRM,
circumferential resection margin.

end-ostomy risk associated with the two-stage approach
when making a balanced and shared decision with regard to
treatment.
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Table 5 Postoperative outcomes after propensity score matching

Primary TME Local excision P
(n=740) followed by
completion TME
(n=322)
Complication <90 days 241 (32.6) 97 (30.0) 0.448
Surgical complication 178 (24.0) 69 (21.4) 0.365
Complication specified
Anastomotic leakage* 79 (13.0) 23 (10.6) 0.381
Abscess* 7 (1.2) 3(1.3) 0.940
Pelvic sepsis* 83 (13.8) 25 (11.5) 0.418
Bleeding 5(0.6) 5 (1.5) 0.228
Ileus 18 (2.4) 17 (5.4) 0.019t
Fascial dehiscence 3(0.4) 0 (0.0) 0.994
Bowel perforation 2(0.2) 3(0.9) 0.178
Urinary tract damage 0 (0.0) 2 (0.6) 0.991
Surgical-site infection 7(0.9) 5(1.5) 0.411
Pulmonary event 34 (4.6) 5(1.6) 0.023t
Cardiac event 14 (0.2) 7 (2.0) 0.896
Thromboembolism 9(1.2) 3(0.9) 0.754
Other infectious event 33 (4.5) 15 (4.7) 0.833
Neurological event 12 (3.2) 3(0.9) 0.367
Other 63 (8.5) 20 (6.2) 0.200
Re-intervention 124 (16.7) 38 (11.8) 0.047%
Re-intervention typest
Laparoscopy 4(3.2) 18 (47.4) Reference
Radiological 2 (1.6) 1(2.6) 0.994
Endoscopic 2 (1.6) 1(2.6) 0.825
Laparotomic 35 (28.2) 6 (15.8) <0.001t
Other 15 (12.1) 5(13.2) 0.405
Re-intervention 66 (53.2) 7 (18.4) 0.082
unknown
Readmission <90 days 95 (12.8) 42 (13.2) 0.877
ICU admission 91 (12.3) 28 (8.8) 0.116
Deceased <90 days 8 (1.7) 2 (0.6) 0.463

Values are n (%). *Procedures without anastomosis excluded. fStatistically
significant. tValues are n (%) of re-interventions. TME, total mesorectal
excision.
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