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Abstract
Purpose Surgical approach to rectal cancer has evolved in recent decades, with introduction of minimally invasive surgery 
(MIS) techniques and local excision. Since implementation might differ internationally, this study is aimed at evaluating 
trends in surgical approach to rectal cancer across different countries over the last 10 years and to gain insight into patient, 
tumour and treatment characteristics.
Methods Pseudo-anonymised data of patients undergoing resection for rectal cancer between 2010 and 2019 were extracted 
from clinical audits in the Netherlands (NL), Sweden (SE), England-Wales (EW) and Australia-New Zealand (AZ). 
Results Ninety-nine thousand five hundred ninety-seven patients were included (38,413 open, 55,155 MIS and 5416 local 
excision). An overall increase in MIS was observed from 29.9% in 2010 to 72.1% in 2019, with decreasing conversion rates 
(17.5–9.0%). The MIS proportion was highly variable between countries in the period 2010–2014 (54.4% NL, 45.3% EW, 
39.8% AZ, 14.1% SE, P < 0.001), but variation reduced over time (2015–2019 78.8% NL, 66.3% EW, 64.3% AZ, 53.2% SE, 
P < 0.001). The proportion of local excision for the two periods was highly variable between countries: 4.7% and 11.8% in 
NL, 3.9% and 7.4% in EW, 4.7% and 4.6% in AZ, 6.0% and 2.9% in SE.
Conclusions Application and speed of implementation of MIS were highly variable between countries, but each registry 
demonstrated a significant increase over time. Local excision revealed inconsistent trends over time.

Keywords Registry · Audit · Rectal cancer · Minimally invasive · Open surgery · Local excision

Introduction

The operative approach to rectal cancer has continued to 
evolve over the past decade, with reduction of invasive-
ness of surgery whilst maintaining oncological quality [1]. 
Although there was a rapid adoption of laparoscopic sur-
gery for colon cancer following the publication of the COST 

study [2] and other trials, minimally invasive surgery (MIS) 
for rectal cancer has been more controversial. A number of 
randomized trials have compared a laparoscopic approach 
to open surgery in rectal cancer. Whilst the COLOR II trial 
[3] showed benefits in terms of recovery and equivalent 
oncological outcomes, ALaCaRT [4] and ACOSOG Z6051 
[5] failed to demonstrate non-inferiority in pathological 
outcomes for T1–T3 and stage II and III rectal tumours, 
although 2-year oncological outcomes were comparable [6, 
7]. Ongoing efforts have focused on refining MIS for surgi-
cal resection of especially low rectal tumours. This led to the 
introduction of transanal total mesorectal excision in 2010 
[8, 9] and robot-assisted laparoscopic surgery in 2001 [10]. 
Adoption of new technology has occurred at differing paces 
internationally, based on local health economic and surgical 
factors. Evaluation of the adoption of minimally invasive 
surgery is important to understand the current variability in 
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health technology usage and to plan future studies evaluating 
the impact on patient outcomes.

Implementation of new techniques and quality of care 
is currently monitored by clinical audits at a national level. 
The Dutch ColoRectal Audit (DCRA) in the Netherlands, 
Swedish ColoRectal Cancer Registry (SCRCR) in Sweden, 
National Bowel Cancer Audit (NBOCA) in England and 
Wales and the Bowel Cancer Outcomes Registry (BCOR) 
in Australia and New Zealand are four clinical audits that 
provide valuable information on new treatment strategies 
and measure quality of care [11–14]. Combining these data 
can provide insights into variability in colorectal cancer care 
internationally, such as uptake of new techniques and treat-
ment approaches [15, 16]. International benchmarking will 
allow evaluation of national performance and may identify 
areas for potential further improvement [17]. This study is 
part of an international collaboration between colorectal 
registries that supports (inter)national learning, improving 
and harmonisation.

The aim of this study is to evaluate the surgical approach 
applied to rectal cancer based on four national registries over 
the last 10 years and to gain more insight into patient, tumour 
and treatment characteristics at an international level.

Material and methods

This international retrospective population-based cohort 
study obtained pseudo-anonymised data from the DCRA, 
SCRCR, NBOCA and BCOR. All patients (n = 99,597) 
undergoing rectal cancer surgery from January 1, 2010, 
and December 31, 2019, were extracted from the registries. 
Each individual registry extracted their data from their own 
local registry under their own existing ethical framework, 
and only pseudo-anonymised data were shared internation-
ally. No additional ethical approval or informed consent was 
required for this study.

ICORC

International Colorectal Cancer Registry Collaboration 
(ICORC) is an international collaborative aiming to improve 
colorectal cancer care globally by, among other things, 
agreeing on a minimum dataset with common definitions 
across registries and comparing care and outcomes interna-
tionally. The included registries in this study were founders 
of ICORC in 2021.

Dutch colorectal audit

The DCRA is a national clinical audit in the Netherlands 
that is mandatory and registers multidisciplinary data from 

all colorectal cancer patients who undergo surgery. The 
registration reports high validity of data with completeness 
of > 95% during the entire study period [11]. Local excisions 
are only registered as separate surgical approach since 2012.

Swedish colorectal cancer registry

All patients diagnosed with colorectal cancer in Sweden are 
registered in the mandatory SCRCR, which includes surgi-
cal as well as oncological and diagnostic elements. Data 
completeness is > 98% with high validity in the entire study 
period [18].

National bowel cancer audit

In NBOCA, multidisciplinary data from all colorectal cancer 
patients in England and Wales are mandatorily collected. It 
had a national coverage of 90–95% during the study period.

Bowel cancer outcomes registry

The BCOR records surgical outcomes for colorectal cancer 
patients in Australia and New Zealand [12]. It is a voluntary 
audit which includes over 48,000 patients since 2007. Cover-
age for all colorectal cancer patients was around 35% during 
the study period.

Data extraction

Local investigators from each registry collected the follow-
ing variables: patient and disease characteristics, surgical 
and treatment characteristics and postoperative pathology. 
Surgical approach was categorised into open, MIS and 
local excision (including local excision followed by com-
pletion surgery). MIS includes conventional laparoscopic, 
robotic, hybrid and transanal approaches. We were not able 
to separately analyse the different MIS techniques between 
the countries due to availability of required variables in the 
datasets. Conversion was defined as conversion from MIS 
to open surgery. Conversion proportions were calculated 
with MIS patients as the denominator. BMI was classified 
into < 18.5, 18.5–30 and ≥ 30 kg/m2, and age into < 70 years 
and ≥ 70 years. American Association of Anesthesiologists 
(ASA) score and Charlson Comorbidity Index (CCI) were 
categorised as 1–2 and > 2 [19]. Neoadjuvant radiotherapy 
was classified into no radiotherapy, short-course radiother-
apy (SCRT), chemoradiotherapy (CRT) and other radiother-
apy schemes. Missing data were handled with use of missing 
categories, which were excluded from analysis.
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Outcome parameters and time periods

Primary outcomes were surgical approach across differ-
ent countries over years. Preoperative, tumour and treat-
ment characteristics were compared between countries 
and within two time periods; year of surgery January 1, 
2010, to December 31, 2014, and January 1, 2015, to 
December 31, 2019.

Statistical analyses

Local investigators of each registry reported all charac-
teristics in absolute numbers with percentages for the 
two time periods. Clear definitions and an R-script were 
provided to harmonise local analysis. One investigator 
(JMLS) combined the aggregated results from each coun-
try to compare the categorical or dichotomous outcomes 
by time period with Pearson Chi-square or Fisher’s exact 
test. Statistical significance was defined as a P value of 
less than 0.01. For all statistical analyses, R studio ver-
sion 4.2.1 (2022) was used.

Results

A total of 99,597 patients that underwent rectal cancer 
surgery between January 1, 2010, and December 31, 
2019, were included in this study; 27,545 from the Neth-
erlands, 48,304 from England and Wales, 9483 from Aus-
tralia and New Zealand and 14,265 from Sweden (Fig. 1).

Preoperative patient characteristics

Preoperative patient characteristics are presented in Table 1. 
Registered patients undergoing rectal cancer surgery had the 
highest proportion of age < 70 years in Australia and New 
Zealand in both time periods (59.6% in 2010–2014 and 
59.7% in 2015–2019) and the lowest proportion in Sweden 
(50.9% and 48.1%, respectively). Around 64% of patients 
were male, which was relatively constant over time and 
between countries. BMI was substantially different between 
countries and increased over time, most prominently in 
Australia-New Zealand. Concerning clinical staging in 
2010–2014, England and Wales and Australia and New 
Zealand showed high percentages of unknown cT category 
(26.7% and 58.3%) compared to the Netherlands and Sweden 
(8.8% and 7.7%). Registration of cT category improved over 
time in all four countries, and differences decreased.

Pathological tumour characteristics

The percentage of (y)pT0-1 tumours in 2010–2014 was 
41.2% in patients registered in Australia and New Zealand, 
which was substantially higher compared to the other three 
countries (15.7% in the Netherlands, 14.5% in England and 
Wales and 13.0% in Sweden; P < 0.001). This may reflect 
the lower percentage of national coverage of the registry or a 
true difference in disease pattern. This proportion increased 
to 23.0% in the Netherlands in 2015–2019 and remained sta-
ble in other countries (England-Wales 15.0%, Australia-New 
Zealand 44.0%, Sweden 13.8%, P < 0.001). Positive nodal 
staging was observed in 33.2% in the Netherlands, 31.2% in 
England and Wales, 33.0% in Australia and New Zealand 

Fig. 1  Flowchart of patients

Pa�ents receiving rectal cancer surgery  
between 2010 and 2019 
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and 37.7% in Sweden (P < 0.001) in 2010–2014 (Table 2). 
This remained stable in the second time period. The percent-
age of registered patients who had synchronous metastatic 
disease was 8.4% in the Netherlands, 8.0% in England and 
Wales, 12.0% in Australia and New Zealand and 8.1% in 
Sweden (P < 0.001), and this proportion slightly decreased 
in all countries in 2015–2019.

Treatment characteristics

Details on neoadjuvant radiotherapy and surgical charac-
teristics are displayed in Table 2. Concerning radiotherapy, 
in 2010–2014, SCRT was administered to 41.0% of patients 
registered in the Netherlands and 46.7% in Sweden, but 
only 11.5% in England and Wales and 7.6% in Australia and 
New Zealand (P < 0.001). This decreased to 23.6% in the 
Netherlands and 6.5% in England and Wales in the period 
2015–2019 and remained stable in Sweden (46.1%) and Aus-
tralia and New Zealand (7.0%, P < 0.001). The proportion 
of patients treated with neoadjuvant CRT in the two time 
periods was 32.2% and 31.2% in the Netherlands, 23.6% and 
24.4% in England and Wales, 34.7% and 41.1% in Australia 
and New Zealand and 15.2% and 13.1% in Sweden. During 
surgery, an anastomosis was formed in 61.9% in England 
and Wales in 2010–2014, compared to 48.6% in both the 
Netherlands and Sweden (P < 0.001). In the same period, 
any type of stoma was created in each of the countries in 
84.1%, 78.3%, 79.6% and 85.5% (P < 0.001). In 2015–2019, 
the most remarkable changes were observed in the Neth-
erlands with an increase in the proportion of anastomosis 
(from 48.6 to 63.5%) combined with a decrease in stoma 
rate (from 79.6 to 59.8%), whilst these proportions remained 
similar in the three other countries.

Surgical approach

The surgical approach was open in 38,413 (38.8%), MIS in 
55,155 (55.7%) and local excision in 5416 patients (5.5%). 
Overall conversion proportion from MIS was 12.3% (6759 
out of 55,155 MIS patients).

There was an overall decrease in patients treated with 
an open approach from 66.8% in 2010 to 20.7% in 2019, in 
favour of MIS which increased from 29.9% to 72.1 (Fig. 2a). 
Conversion rate decreased from 17.5 to 9.0%. The number 
of patients treated with a surgical local excision, with or 
without complete rectal resection, doubled over the years 
(3.3% in 2010, 7.2% 2019).

There were significant differences in the speed of imple-
mentation of MIS between registered patients in different 
countries (Fig. 2b). Based on steeper curves, implementation 
started later in Sweden and was faster in Sweden and the 
Netherlands compared to England and Wales and Australia 
and New Zealand. The percentage of patients treated with RT
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Fig. 2  a Surgical approach to rectal cancer from 2010 to 2019—overall. b Surgical approach to rectal cancer from 2010 to 2019—the Nether-
lands (DCRA), England and Wales (NBOCA), Australia and New Zealand (BCOR) and Sweden (SCRCR)
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MIS increased in all countries but at variable levels. In the 
Netherlands, MIS increased from 38.0% in 2010 to 80.3% in 
2019, with predominance of MIS since 2012, and a plateau 
phase since 2016 (Table 3). The implementation of MIS 
in registered patients progressed similarly in England and 
Wales and Australia and New Zealand (33.3 to 70.4% and 
30.1 to 73.0%), with predominance of MIS since 2013 and 
2015; however, a plateau phase was not yet identified (Fig. 2 
and Table 3). In Sweden, only 6.0% of patients were treated 
with MIS in 2010, with a predominance of MIS since 2017, 
and the proportion of MIS increased to 65.2% in 2019.

The conversion rate of MIS varied between countries 
from 10.1 to 19.8% in the period 2010–2014 and from 6.8 to 
12.7% in the period 2015–2019. Conversion rates decreased 
over time in all countries. Change in use of local excisions 
was also highly variable between countries; this increased 
from 4.7 to 11.8% in the Netherlands and from 3.9 to 7.4% 
in England and Wales, remained stable in Australia and New 
Zealand (4.7 to 4.6%) and decreased from 6.0 to 2.9% in 
Sweden in the period 2010–2019.

Discussion

This international cohort study based on data from four colo-
rectal cancer registries comprising nearly 100,000 patients 
provides insight in the evolution of surgical approach for 
rectal cancer resection, together with patient, tumour and 
treatment characteristics of these rectal cancer populations 
between 2010 and 2019. Some remarkable differences 
in patient characteristics and neoadjuvant therapy were 
observed between countries. The implementation of MIS has 
increased in all countries over time to an overall proportion of 
72.1% in 2019. There were, however, significant differences 
in the implementation speed of MIS across countries. A pre-
dominance in using MIS for rectal cancer was reached in 
2012 in the Netherlands, 2013 in England and Wales, 2015 in 
Australia and New Zealand and 2017 in Sweden. The imple-
mentation speed in Sweden and the Netherlands was faster 
compared to England and Wales and Australia and New Zea-
land, though implementation started later in Sweden. Also 
change in use of local excisions was highly variable between 
countries, and Sweden was the only country with a registered 
decrease in the application of local excision.

The present study shows that the conversion rate 
decreased from 17.5% in 2010 to 9.0% in 2019. This likely 
reflects more experience with MIS among colorectal sur-
geons, as conversion is often considered an assessment tool 
for MIS learning curve [20]. Unfortunately, clinical out-
comes could not be evaluated in the present study, due to 
the fact that not all the national registries allow us to share 
outcome data for comparative analyses at an international 
level. However, multiple randomized controlled trials have 

demonstrated comparable intraoperative complication rates 
and postoperative morbidity and mortality for MIS and 
open surgery [3, 4, 6, 21–23]. Phase IV studies have shown 
even better postoperative outcomes of MIS at a population 
level [24]. In addition, MIS is associated with less long-
term surgical complications such as incisional hernia and 
adhesion-related small bowel obstruction, especially if con-
version rates are low [25]. Therefore, we should interpret 
the observed increase in application of MIS with decreasing 
conversion rates among the four analysed registries as an 
important gain in quality of care.

The speed and degree of implementation of MIS is influ-
enced by many factors. The necessary equipment must 
become available, which needs initial investments with re-
allocation of budgets. This might have been a problem at 
the time as there was still doubt about the additional value 
of MIS over open surgery, with ongoing debates between 
early and late adopters during surgical congresses in the 
early years of the study period. Furthermore, there needs to 
be an infrastructure for training and proctoring of the sur-
geons in order to guarantee safe implementation [26–28]. 
Also, institutional volumes might have a significant impact, 
as sufficient case load is needed to complete the learning 
curve in a timely manner. Having a low volume might even 
be the reason not to implement new techniques at all. Case 
volumes might substantially vary within countries, as well 
as between countries, related to characteristics of the health 
care system and geographical factors.

Case selection might also influence speed of imple-
mentation, which might be more relevant in rectal cancer 
as compared to colon cancer. The deeper part of the pelvis 
adds to the technical challenges during laparoscopy, and 
alternative MIS techniques have therefore been introduced 
for rectal procedures. Transanal approach was developed 
to improve oncological and functional outcomes for mid 
or low-rectal cancer, with comparable intraoperative and 
postoperative morbidity and conversion rates compared to 
laparoscopy as concluded in a systematic review and meta-
analysis [29]. Robot surgery is considered of value in com-
plex colorectal cancer and has the advantage of a shorter 
learning curve compared to conventional laparoscopy with 
ergonomic advantages for the surgeon, although costs are 
higher [20, 30, 31]. A recent study suggests that robotic sur-
gery might facilitate implementation of MIS at a national 
level [16]. Access to robotic surgery is increasing rapidly 
and likely to continue to increase as a proportion of rectal 
cancer surgery.

Besides an increase in MIS, the proportion of patients 
treated with a surgical local excision has also doubled over-
all to 7.2% in 2019. This technique is considered safe for 
early rectal cancers without histological risk factors [32, 33] 
and might also be used for small residual lesions after 
neo-adjuvant radiotherapy. The implementation has been 
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variable between countries, which is likely due to multi-
ple factors including stage distribution (e.g., influenced by 
national screening programmes), availability of equipment 
(transanal MIS platforms), surgeons with specific expertise 
and dedicated multidisciplinary teams with focus on rectal 
preserving treatment strategies and patient preferences [34].

Although this is beyond the scope of the present study, 
we also observed substantial differences in the utilisation 
of neoadjuvant radiotherapy. A substantial reduction in 
short-course radiotherapy was observed in the Netherlands, 
aligned with national guideline changes [24], whilst such a 
reduction was not found for Sweden. In England and Wales, 
a minority of patients received radiotherapy in 2010–2014, 
which further decreased thereafter. In Australia-New Zea-
land, a stable proportion of about 50% of patients received 
neoadjuvant radiotherapy, mostly chemoradiotherapy. Local 
guidelines might be an explanation for these differences. 
There was no data available on application of total neoad-
juvant therapy.

The number of patients included in the study from differ-
ent countries is highly variable, which is partly due to dif-
ferent population sizes. However, only three of the included 
countries have a mandatory audit with national coverage, 
whereas the BCOR in Australia and New Zealand is a vol-
untary audit which might cause registration bias. This might 
also explain the difference in age distribution and tumour 
stage in Australia and New Zealand, which included younger 
patients with lower tumour stages. Different proportions of 
unknown clinical staging were observed in our study, which 
could imply registration problems or differences in methods 
of preoperative clinical staging between countries.

There is still a lack of consensus on the definition of rec-
tal cancer internationally. A range of definitions for rectum 
and the rectosigmoid junction are used [35, 36]. Australia 
and New Zealand define rectal cancer as cancer that clini-
cally, radiologically, or endoscopically is considered to be 
located in the rectum below the rectosigmoid junction, equal 
to or less than 15 cm from the anal verge on rigid endoscopy. 
In England and Wales and Sweden, the definition of rectal 
cancer is a tumour within 15 cm from the anal verge on rigid 
endoscopy. This method has several problems which include 
most patients currently being diagnosed with flexible scopes 
and patient variation in anal and rectal anatomy. In the Neth-
erlands, the sigmoid take-off has been implemented since 
2019 to define rectal cancer based on imaging, following an 
international Delphi consensus [37]. International harmoni-
sation of the definition of rectal cancer would improve the 
reliability of comparative analyses of rectal cancer registries.

The current study has certain limitations due to its design. 
Most importantly, no information was available on outcome 
parameters to make a comparison between effectiveness 
of surgical approaches possible. Also, some characteristic 
had missing values, such as BMI, ASA, CCI, neoadjuvant 

radiotherapy and surgical approach. Data analysis was per-
formed in each registry to an aggregated level and later 
combined for statistical analysis. Although clear definitions 
and an R-script were provided to harmonise local analysis, 
a linked database would be of added value. Furthermore, 
the information on how the registry data was collected was 
beyond the scope of the manuscript. Future research and 
collaboration are ongoing and will elaborate on this.

Conclusion

The proportion of MIS as a surgical approach to rectal can-
cer increased over a decade at an international level, with a 
decreasing number of open resections and conversion rates. 
There was however inter-national variability in the imple-
mentation speed and proportion of MIS during the entire 
study period. Implementation of local excisions was also 
highly variable between countries.
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