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Abstract 
Aims: This study describes nationwide primary radiotherapy utilisation trends for non-
metastasised rectal cancer in the Netherlands between 2008 and 2021. In 2014, both 
colorectal cancer screening and a new guideline specifying prognostic risk groups for 
neoadjuvant treatment were implemented. 
Materials and methods: Patients with non-metastasised rectal cancer in 2008–2021 (n = 
37 510) were selected from the Netherlands Cancer Registry and classified into prognostic 
risk groups. Treatment was studied over time and age. Multilevel logistic regression analyses 
were carried out to identify factors associated with (i) radiotherapy versus 
chemoradiotherapy use for intermediate rectal cancer and (ii) chemoradiotherapy without 
versus with surgery for locally advanced rectal cancer. 
Results: For early rectal cancer, the use of neoadjuvant radiotherapy decreased (15% to 5% 
between 2008 and 2021), whereas the use of endoscopic resections increased (8% in 2015, 
17% in 2021). In intermediate-risk rectal cancer, neoadjuvant chemoradiotherapy (43% until 
2011, 25% in 2015) shifted to radiotherapy (42% in 2008, 50% in 2015), the latter being most 
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often applied in older patients. In locally advanced rectal cancer, the use of 
chemoradiotherapy without surgery increased (2–4% in 2008–2013, 17% in 2019–2021). 
Both neoadjuvant treatment in intermediate disease and omission of surgery following 
chemoradiotherapy in locally advanced disease varied with increasing age (odds ratio>75vs<50: 
2.17, 95% confidence interval 1.54–3.06) and treatment region (Southwest and Northwest 
odds ratio 0.63, 95% confidence interval 0.42–0.93 and odds ratio 0.65, 95% confidence 
interval 0.44–0.95, respectively, compared with the North). 
Conclusion: Treatment patterns in non-metastasised rectal cancer significantly changed over 
time. Effects of both the national screening programme and the new treatment guideline 
were apparent, as well as a paradigm shift towards organ preservation (watch-and-wait). 
Observed regional variations may indicate adoption differences regarding new treatment 
strategies. 
 
Key words: Dutch overview; national cancer registry; radiotherapy; rectal cancer; treatment 
trends  
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Introduction (A head) 
 
Colorectal cancer is the third most common cancer type globally, and the second leading 
cause of cancer mortality. About one third of colorectal cancer cases regard rectal cancer.  
Surgery is the standard treatment for rectal cancer, with a decreased risk of locoregional 
recurrence when the mesorectal fat including the mesorectal fascia (MRF) is resected 
together with the tumour [1–3] (total mesorectal excision; TME). Preoperative 
(chemo)radiotherapy may further decrease the locoregional recurrence risk [3–5], and a 
waiting period of several weeks between the completion of (chemo)radiotherapy and 
surgery enables downstaging of the tumour and lymph node status [5,6]. For patients with 
tumours reaching towards the MRF or other organs, downstaging could be essential to 
reduce the risk of an irradical resection. Several international guidelines exist for the 
(neoadjuvant) treatment of rectal cancer, but global differences in treatment are apparent 
due to a lack of evidence or equipoise. From 2008 onwards in the Netherlands, the 
indications for neoadjuvant (chemo)radiotherapy have become specified. Neoadjuvant 
radiotherapy was advised for cT2-4N0-1/XM0 rectal cancer and neoadjuvant 
chemoradiotherapy in case of an involved MRF (≤1 mm margin between the tumour and the 
MRF) or four or more clinically positive lymph nodes. A new Dutch guideline was released in 
2014, in which neoadjuvant treatment in early rectal cancer (cT1-3bN0-XM0) was no longer 
advised. Furthermore, specifications were given for the use of neoadjuvant radiotherapy 
(intermediate disease: cT1-3N1/cT3c-d; uninvolved MRF) and chemoradiotherapy (locally 
advanced disease: cT4, or cT3 with involved MRF, and/or cN2/extramesorectal pathological 
lymph nodes). Table 1 summarises the Dutch guidelines regarding (chemo)radiotherapy for 
rectal cancer, largely based on magnetic resonance imaging (MRI) staging. 
 
Table 1 here 
 

Over the years, MRI has become a crucial tool in adequate staging as well as response 
evaluation and surveillance for rectal cancer. Furthermore, MRI allows for the selection of 
patients who may benefit from neoadjuvant treatment and those who may not. 

In a selection of patients who received neoadjuvant (chemo)radiotherapy, a 
pathological complete response is seen at the time of surgery [5,7]. This led to the 
introduction of the organ-sparing ‘watch-and-wait’ concept, in which surgery is delayed and 
sometimes even omitted in the case of a clinical complete response [8]. Interest in this 
strategy has grown over the years and the strategy is monitored in the national watch-and-
wait programme as well as the International W&W Database. Also, treatment intensification 
strategies have been introduced to increase the probability of a clinical complete response, 
including offering localised dose escalation or the addition of systemic treatment before or 
after (chemo)radiotherapy.  

The changing treatment guidelines and growing interest in organ-sparing treatment 
changed the treatment patterns for rectal cancer in the Netherlands. Furthermore, a 
nationwide screening programme for colorectal cancer was gradually implemented in the 
period 2014–2019 for people aged 55–75 years. This led to the detection/removal of 
premalignant lesions and/or asymptomatic tumours and changed the stage distribution of 
rectal cancer. Together with a decreased incidence of rectal cancer, it further changed the 
radiotherapy treatment patterns in rectal cancer over the years. Some publications have 
provided an overview of radiotherapy use in rectal cancer treatment in the Netherlands, but 
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a nationwide comprehensive overview focused on the trends and variation in radiotherapy 
use in non-metastasised rectal cancer treatment including data up to 2021 is lacking [9–12]. 
Therefore, the aims of this nationwide study were to investigate the trends and variation in 
the use of radiotherapy in the broader context of non-metastasised rectal cancer treatment 
in the Netherlands between 2008 and 2021, with stratification for early, intermediate-risk 
and locally advanced disease.  
 
 

Materials and Methods (A head) 

 

Study Population (B head) 
 
Patients diagnosed with cT1-4N0/XM0 and cTXN1-2M0 rectal cancer in 2008–2021 were 
selected from the Netherlands Cancer Registry (NCR). The NCR includes information on 
patient, disease and primary treatment of all cancer diagnoses in the Netherlands. The data 
from the NCR are extracted by trained registrars from patients’ medical records in all Dutch 
hospitals. 

 

Definitions (B head) 
 
The clinical T-, N- and M-stages were coded according to TNM6 (2008–2009), TNM7 (2010–
2016) and TNM8 (2017–2021). Clinically involved MRF data were registered from 2015 and 
the subclassification of cT3 stage (related to the extent of extramural invasion) was available 
from 2018. The resulting missing information in earlier years called for an alternative 
prognostic risk group classification: early rectal cancer was defined as cT1-2N0/XM0 and 
intermediate rectal cancer as cT1-3/XN1M0. Patients with cT3N0/XM0 were randomly 
assigned to the early or intermediate-risk group, keeping the actual proportion of cT3N0 
(with known extramural invasion) in both groups intact: 81.5% in the early group, 18.5% in 
the intermediate group. Locally advanced rectal cancer was defined as cT4 and/or cN2 in the 
alternative classification. Supplementary Table S1 defines and numericises this alternative 
classification. Patients who could not be stratified into a risk group because of incomplete 
TNM information (cTXNX or cTXN0) were excluded from this study (n = 5877). 

Patients’ comorbidities at the time of diagnosis were available for the South region 
only until 2015 and thereafter for a limited number of patients. Comorbidities were 
classified based on the Charlson Comorbidity Index (CCI) categories (see Supplementary 
Table S2). World Health Organization (WHO) Performance Status was available from 2015. 

Treatment modalities analysed included short-course radiotherapy, 
chemoradiotherapy, other radiotherapy, chemotherapy, surgery and endoscopic resection.  
Minimal travel time for radiotherapy was stratified (<15, 15–30 and >30 min). The hospital in 
which the patient was diagnosed was classified (i) according to type, (ii) whether a 
radiotherapy department constituted a part and (iii) into three equal groups according to its 
annual number of non-metastasised rectal cancer diagnoses: low (≤22), intermediate (23–
41) or high volume (≥42 patients). Regional variation was investigated by dividing the 
Netherlands into five regions according to patients’ residence: North, East, South, Southwest 
and Northwest (see Supplementary Figure S1).  
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Analyses 
 
Patient, disease and hospital characteristics were presented and stratified into the various 
risk groups. Treatment trends for early, intermediate and locally advanced rectal cancer 
were described over time and by age groups with 5-year intervals, except for 70–75 years (to 
prevent separation of screening ages into different groups). Age groups with <50 patients 
were not presented. For the stratification into the risk groups the alternative classification 
was used. To validate this classification, trends in treatment in 2015–2021 were also 
described for early, intermediate and locally advanced rectal cancer using the original 
classification (see Supplementary Figures S2–S4). 

In the supplementary material, the evolution of stage distribution, use of endoscopic 
resection, chemoradiation without surgery and radiotherapy versus chemoradiotherapy are 
shown, the latter both overall and stratified for each region. In addition, the treatment of 
locally advanced rectal tumours is displayed stratified for the regions.  

Multilevel logistic regression analyses were carried out to identify factors associated 
with (i) application of radiotherapy versus chemoradiotherapy for intermediate rectal 
cancer, stratified for diagnoses before and since 2014 to distinguish older from more recent 
years and (ii) application of chemoradiotherapy not followed by surgery versus 
chemoradiotherapy followed by surgery for locally advanced rectal cancer diagnosed since 
2014. Diagnoses before 2014 were excluded, given the then limited use of 
chemoradiotherapy without surgery. The analyses on chemoradiotherapy with/without 
surgery were repeated in a sensitivity analysis including only a subset of patients younger 
than 70 years (reported in the supplementary material), to exclude older patients who may 
have been omitted from surgical treatment due to frailty.  

Multilevel analyses correct for nesting of patients within hospitals. For each 
association investigated in the analyses, distinct models were created. A model included a 
random effect and random intercept for the hospital level if the corrected Akaike 
Information Criterion (AIC), a mathematical method for evaluating how well a model fits the 
data), improved compared with the model with only a random intercept. For each 
investigated association, a set of variables for adjustment was selected. When univariable 
inclusion resulted in at least a 5% change in the odds ratio of interest compared with the 
unadjusted multilevel odds ratio, a variable was included in the adjustment set. Ninety-five 
per cent confidence intervals were calculated and reflect probable odds ratio estimates. 
Analyses were carried out in SAS version 9.4 (SAS Institute, Cary, NC, USA). 
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Results (A head) 
 
In total, 37 510 patients were diagnosed with early (44%), intermediate (30%) and locally 
advanced (25%) rectal cancer from 2008 to 2021. The proportion of early disease increased 
since 2014 (see Supplementary Figure S5). Disease, patient and hospital characteristics were 
comparably distributed for the various risk groups (Table 2). About 70% of patients 
diagnosed with early, intermediate and locally advanced rectal cancer fell into the 50–75 
years age group. Of all patients, 63% were male. For all prognostic risk groups, but mainly for 
intermediate and locally advanced rectal cancer, the absolute incidence decreased after 
2015. 
 
Table 2 here 
 

Supplementary Figures S6A–F show the overall use of radiotherapy versus 
chemoradiotherapy over time, overall as well as separately per region.  

In early rectal cancer, the use of neoadjuvant radiotherapy followed by surgery 
decreased from 61% to 7% in the years between 2008 and 2021, and neoadjuvant 
chemoradiotherapy followed by surgery decreased from 15% to 5% in this period (Figure 1A) 
The application of surgery without neoadjuvant treatment increased from 14% to 71% 
between 2008 and 2015. After 2015, this number decreased to 59%, coinciding with the 
increase in endoscopic resections (8% in 2015, 17% in 2021). For all ages ≤85 years, surgery 
without neoadjuvant (chemo)radiotherapy was the most frequently applied treatment 
(Figure 1B). In the age groups eligible for screening, the proportion of patients receiving 
endoscopic resections (10%) or surgery without neoadjuvant (chemo)radiotherapy (50%) 
was highest, while neoadjuvant radiotherapy was used the least (39%).  

 
Figure 1 here 
 
In intermediate rectal cancer, there seemed to be a shift in 2008–2015 from 

neoadjuvant chemoradiotherapy followed by surgery (43% until 2011, 25% in 2015) to 
neoadjuvant radiotherapy followed by surgery (42% in 2008, 50% in 2015) (Figure 2A). 
Chemoradiotherapy without surgery was increasingly applied between 2015 and 2018 (2–
10%), as well as short-course radiotherapy without surgery. With increasing age, 
(chemo)radiotherapy use decreased and patients more often underwent surgery without 
neoadjuvant treatment (6–10% for ages 35–49 years, 17% for ages 81–90 years) (Figure 2B). 
Younger patients more often received neoadjuvant chemoradiotherapy followed by surgery, 
whereas older patients more often received neoadjuvant radiotherapy followed by surgery.  

 
Figure 2 here 
 
A marked expansion of the ‘other treatment’ category is evident for the more 

advanced age groups in all risk groups, predominantly accounted for by an increase in less-
invasive treatment (predominantly short-course radiotherapy without surgery) in this 
population.  

Variations in the application of radiotherapy versus chemoradiotherapy for 
intermediate rectal cancer are shown in Table 3, stratified according to period. Patients at 
older ages were more likely to receive neoadjuvant radiotherapy instead of chemoradiation, 
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as the odds ratios for ages >75 years compared with <50 years demonstrate (in 2008–2013: 
odds ratio7.02, 95% confidence interval 5.22–9.45; in 2014–2021: odds ratio 3.54; 95% 
confidence interval 2.72–4.61). In 2008–2013, the use of radiotherapy versus 
chemoradiation was higher for more recent years and for the Northwest compared with the 
North region (odds ratio 1.44; 95% confidence interval 1.01–2.06). Patients with comorbidity 
in ≥2 versus 0 categories and those with a performance status of 2–4 versus 0 had a higher 
probability of receiving radiotherapy compared with chemoradiotherapy. 

 
Table 3 here 
 
In locally advanced rectal cancer, overall radiotherapy use (including 

chemoradiotherapy) remained stable over time (91%) (Figure 3A). The use of neoadjuvant 
chemoradiotherapy followed by surgery decreased from 61% until 2016 to 40% in 2021, 
whereas chemoradiotherapy without surgery was increasingly applied (2–4% until 2013, 17% 
in 2019–2021). The use of neoadjuvant chemotherapy followed by chemoradiotherapy and 
surgery has increased slightly since 2016, whereas short-course radiotherapy use followed 
by chemotherapy with/without surgery increased greatly from 1% in 2019 to 13% in 2021. 
Chemoradiotherapy was less often applied with increasing age (Figure 3B). Older patients 
more often received surgery with neoadjuvant radiotherapy than younger patients (7% for 
ages 40–44 years, 29% for ages 81–85 years), whereas younger patients more often received 
neoadjuvant chemoradiotherapy than older patients (74% versus 20%, respectively).  

 
Figure 3 here 
 
Supplementary Figure S7A–E shows the trends in therapies for patients with locally 

advanced rectal cancer separated per region.  
Table 4 shows variation in application of neoadjuvant chemoradiotherapy without 

versus with surgery for locally advanced rectal cancer after 2014. Increased application of 
chemoradiotherapy without surgery is demonstrated by the odds ratio of 1.21 (95% 
confidence interval 1.17–1.26) for each more recent year. Compared with patients aged <50 
years, older patients were more likely to receive chemoradiotherapy without surgery (odds 
ratio 50–75 years: 1.40, 95% confidence interval 1.05–1.87; odds ratio >75 years: 2.17, 95% 
confidence interval 1.54–3.06). Patients living in the Southwest and Northwest, compared 
with the North, were less likely to have surgery omitted following chemoradiotherapy.  

 
Table 4 here 
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Discussion (A head) 
 
This nationwide study investigated radiotherapy use in primary non-metastasised rectal 
cancer treatment from 2008 to 2021. For early rectal cancer, less neoadjuvant treatment 
was given and more endoscopic resections occurred. For intermediate rectal cancer, 
neoadjuvant chemoradiotherapy shifted to neoadjuvant radiotherapy. For patients with 
locally advanced rectal cancer, an increase was seen in the application of 
chemoradiotherapy without surgery.  
These observed trends reflect both the new treatment guideline and the introduction of the 
national screening programme for colorectal cancer in 2014. The latter led to a reduced 
incidence of rectal cancer, changed prognostic risk group distribution and the increased 
application of endoscopic resections by the gastroenterologist for early rectal cancer, which 
coincided with relative declining use of surgical treatment. 
 
Changing Neoadjuvant Treatment (B head) 
 
In the years preceding the scope of this study, radiotherapy for rectal cancer was given 
either preoperatively or postoperatively. During 1997–2008, radiotherapy use increased in 
the Netherlands, predominantly the preoperative use, as the Dutch TME-trial proved 
preoperative radiotherapy to be effective in reducing the local recurrence risk [13]. The 
national guideline published in 2008 subsequently advised preoperative radiotherapy for 
cT2-4N0-1 disease [14]. The new national guideline, published in 2014, no longer advised 
neoadjuvant radiotherapy for cT1-3b tumours, which resulted in a clear decrease in 
neoadjuvant radiotherapy use for early rectal cancer, as shown in our study.  

We observed a decline in the use of neoadjuvant chemoradiotherapy and an increase 
in neoadjuvant radiotherapy in 2008–2014 for intermediate rectal cancer, which may result 
from the general belief that de-escalation of neoadjuvant treatment for this group (in line 
with the existing guideline) was warranted. Also, the definition of involved MRF became 
more strict over time, resulting in fewer patients considered to have MRF-involved disease 
and, therefore, being indicated for receiving neoadjuvant chemoradiotherapy. As our 
intermediate group could include MRF-involved disease, this may also have contributed to 
the shift towards neoadjuvant radiotherapy instead of chemoradiotherapy. 

In intermediate disease, we found older and more frail patients to be more likely to 
receive the less intensive neoadjuvant radiotherapy than neoadjuvant chemoradiation. The 
regional difference found only in 2008–2013 may indicate early adoption of neoadjuvant 
radiotherapy instead of neoadjuvant chemoradiation. 
 
Organ Preservation (B head) 
 
Several studies have reported a pathological complete response rate of 10–20% after 
neoadjuvant chemoradiotherapy for patients with locally advanced rectal cancer [5,7]. For 
these patients, a watch-and-wait policy can be introduced in an attempt to prevent, or at 
least delay, surgical treatment [15]. This non-surgical management has received growing 
interest of patients who want to avoid the risks of surgery and preserve their rectum. This 
paradigm shift towards organ preservation is also illustrated in the current study. The use of 
chemoradiotherapy not followed by surgery increased for locally advanced rectal cancer and 
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the use of chemoradiotherapy for younger patients with intermediate rectal cancer 
increased, illustrating the pursuit for organ preservation.  

For locally advanced rectal cancer diagnosed since 2014, we found that older and 
frailer patients (having a worse performance status) were more likely to have surgery 
omitted following chemoradiation. The regional variation found for chemoradiotherapy 
without versus with surgery possibly indicates differences in adoption or belief of organ-
preserving treatment. In the sensitivity analysis (see Supplementary Table S3), excluding 
patients aged ≥70 years with the aim of excluding those who may have been omitted from 
surgical treatment due to frailty, chemoradiation without surgery was also less likely in the 
South compared with the North, as well as in non-university compared with university 
hospitals. The latter possibly reflects university hospitals being the first to adopt innovative 
treatment choices – at least for younger patients. In the Netherlands, ongoing studies such 
as the TESAR and international STAR-TREC phase II–III trials [16,17] aim to provide more 
insight into appropriate patient selection for organ preservation. 

Several strategies are being explored to potentially improve the chance of a complete 
response, including increasing the total radiotherapy dose [18]. Providing dose escalation 
through external beam radiotherapy increases the risk of complications, however [19–21]. 
The findings of, among others, the OPERA trial, have led to the justification in international 
guidelines of endoluminal contact brachytherapy as a feasible option for organ preservation 
in early rectal tumours [22,23]. The challenge in the upcoming years will remain performing 
adequate patient selection for a potential organ-sparing pathway. Unfortunately, dose 
escalation has not yet been specified as a registered item in the NCR for our study period 
and could therefore not be evaluated. The addition of systemic treatment before or after 
(chemo)radiotherapy is another strategy that may improve the complete response chance. 
Adding chemotherapy may have a more significant role in the prevention of systemic disease 
for patients with rectal cancer [24–28]. Short-course radiotherapy followed by 
chemotherapy (CAPOX or FOLFOX) before TME in locally advanced rectal cancer increased 
pathological response, compared with chemoradiotherapy (RAPIDO study) [29]. In the 
current study, a surge in the application of the ‘RAPIDO’ treatment scheme for patients with 
locally advanced rectal cancer was apparent since 2019, corresponding to the time when the 
trial results became widespread. However, concerns regarding toxicity of the RAPIDO 
regimen not outweighing the potential benefits may limit the use of this scheme in future 
years.  

For future research, it would be insightful to study the consequences of the observed 
shift in treatment trends on oncological outcomes.  

In the current study, de-escalation of treatment was seen in those aged >80 years. 
This is not surprising, considering the potential risks of surgical, radiotherapeutic and 
systemic treatment for this (often) frail population. The elderly frail population with rectal 
cancer entail a heterogeneous group for which no standardised treatment protocol is 
suitable, rendering decision-making challenging. Nevertheless, refraining from treatment 
ultimately leads to tumour progression and often debilitating symptoms. Multidisciplinary 
evaluation, including geriatric assessment, may prove useful in defining the best suitable 
treatment. Short-course therapy followed by a waiting period may allow for an eventual R0 
resection [6,30]. For patients who are inoperable or refuse surgery, palliative radiotherapy 
may alleviate symptoms [31]. We, likewise, observed short-course (palliative) radiotherapy 
without surgery most often at older ages. 
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Strengths and Limitations (B head) 
 
This paper shows novel and recent data concerning nationwide treatment trends for 
patients with rectal cancer. It provides a comprehensive overview stratified for risk groups, 
enabling the evaluation of compliance with changing guidelines for these specific groups. 

Limitations include the necessity of using an alternative risk group classification. 
However, the alternative classification showed comparable treatment trends in 2015–2021 
to the original classification (see Supplementary Figures S2–S4), suggesting that it was a 
relatively accurate method of classification for investigating treatment patterns. In addition, 
it was impossible to adjust all analyses for comorbidities and performance status given their 
limited availability. Information on dosage and fractionation schemes were also unavailable, 
hampering the evaluation of potentially changing radiotherapy schemes.  

Conclusions (A head) 
 
This paper illustrates the changing landscape regarding radiotherapeutic treatment in the 
context of multimodal treatment for rectal cancer between 2008 and 2021 in the 
Netherlands, characterised in particular by the introduction of the national screening 
programme for colorectal cancer and the new national guideline for neoadjuvant treatment 
published in 2014. In addition, the beginning paradigm shift towards organ preservation is 
revealed, which is expected to expand within the coming years. 
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Table 1 
Dutch guidelines for neoadjuvant (chemo)radiotherapy for patients with non-metastasised 
rectal cancer 
 

Date  TNM classification* Neoadjuvant treatment 

2008–2014 

cT1N0 None 

cT2-4 N0/N1, and 
distance to MRF >1 mm 

5 × 5 Gy preoperative radiotherapy 

Distance to MRF ≤1 mm or cN2 Preoperative chemoradiotherapy  
 

2014 onwards 

cT1-2N0 or cT3a-bN0; distance to MRF >1 mm None 

cT1-3N1 or cT3c-d; distance to MRF >1 mm 5 × 5 Gy preoperative radiotherapy 

cT4 or cT3 with distance to MRF ≤1 mm  
and/or cN2/extramesorectal pathological 
lymph nodes 

Preoperative chemoradiotherapy 
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*As staged on magnetic resonance imaging/endorectal ultrasound for 2008–2014 and 
magnetic resonance imaging for 2014 onwards. 
MRF, mesorectal fascia. 
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Table 2 
Disease, patient and hospital characteristics, for patients diagnosed with non-metastatic rectal cancer in the 
Netherlands, stratified for early, intermediate and locally advanced disease (n = 37 510) 
 

 Early Intermediate Locally advanced 
 n = 16 669 n = 11 291 n = 9550 

 n (%) n (%) n (%) 

Clinical T-stage       
 TX n/a  514 (4.6) 112 (1.2) 
 T1 3432 (20.6) 176 (1.6) 19 (0.2) 
 T2 6875 (41.2) 1854 (16.4) 462 (4.8) 
 T3 6362 (38.2) 8747 (77.5) 5136 (53.8) 
 T4 n/a  n/a  3821 (40.0) 
Clinical N-stage       
 NX 1801 (10.8) 170 (1.5) 272 (2.8) 
 N0 14 868 (89.2) 1284 (11.4) 1000 (10.5) 
 N1 n/a  9837 (87.1) 1190 (12.5) 
 N2 n/a  n/a  7088 (74.2) 
Year of diagnosis       
 2008–2012 4948 (29.7) 3603 (31.9) 2821 (29.5) 
 2013–2017 6642 (39.8) 4813 (42.6) 4349 (45.5) 
 2018–2021 5079 (30.5) 2875 (25.5) 2380 (24.9) 
Sex       
 Men 10 547 (63.3) 7274 (64.4) 5637 (59.0) 
 Women 6122 (36.7) 4017 (35.6) 3913 (41.0) 
Age at time of diagnosis       
 <50 years 645 (3.9) 663 (5.9) 890 (9.3) 
 50–75 years 11 724 (70.3) 7896 (69.9) 6620 (69.3) 
 >75 years 4300 (25.8) 2732 (24.2) 2040 (21.4) 
Region of residence       
 North 2292 (13.8) 1495 (13.2) 1346 (14.1) 
 East 2688 (16.1) 1953 (17.3) 1964 (20.6) 
 South 4208 (25.2) 2677 (23.7) 2481 (26.0) 
 Southwest 3602 (21.6) 2438 (21.6) 1673 (17.5) 
 Northwest 3879 (23.3) 2728 (24.2) 2086 (21.8) 
Comorbidities assessed * 5689 (34.1) 3625 (32.1) 3394 (35.5) 
 No comorbidity in any CCI category 2988 (52.5) 2005 (55.3) 2007 (59.1) 
 Comorbidities in 1 CCI category 1650 (29.0) 985 (27.2) 912 (26.9) 
 Comorbidities in ≥2 CCI categories 1051 (18.5) 635 (17.5) 475 (14.0) 
Most frequent comorbidities       
 Diabetes mellitus 827 (14.5) 566 (15.6) 479 (14.1) 
 Chronic pulmonary disease 622 (10.9) 397 (11.0) 328 (9.7) 
 Other malignancy 649 (11.4) 366 (10.1) 287 (8.5) 
WHO performance status available † 4461 (26.8) 3624 (32.1) 3739 (39.2) 
 Performance status 0 2997 (67.2) 2288 (63.1) 2112 (56.5) 
 Performance status 1 1130 (25.3) 1057 (29.2) 1287 (34.4) 
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 Performance status 2–4 334 (7.5) 279 (7.7) 340 (9.1) 
Minimal travel time for radiotherapy       
 <15 min 5892 (35.3) 3892 (34.5) 3318 (34.7) 
 15–30 min 9108 (54.6) 6259 (55.4) 5310 (55.6) 
 >30 min 1669 (10.0) 1140 (10.1) 922 (9.7) 
Diagnosed in a university hospital ‡§ 975 (5.9) 570 (5.1) 631 (6.6) 
Radiotherapy as part of the diagnosing hospital ‡ 2918 (17.5) 1967 (17.4) 1844 (19.3) 
Volume in the hospital of diagnosis ‡||       
 Low volume of diagnoses 2316 (13.9) 1637 (14.5) 1346 (14.1) 
 Intermediate volume of diagnoses 4880 (29.3) 3272 (29.0) 2839 (29.7) 
 High volume of diagnoses 9457 (56.8) 6369 (56.5) 5360 (56.2) 

CCI, Charlson Comorbidity Index; n/a, not applicable; WHO, World Health Organization 
* Before 2015, comorbidities were only assessed for patients diagnosed in the South region. 
† Available only since 2015. 
‡ Hospital of diagnosis is missing for 34 patients. 
§ Including the single cancer-specific hospital in the Netherlands. 
|| The one third of hospitals with the lowest number of M0 rectal cancer diagnoses (average ≤22/year) were classified as low volume, the one third of hospitals with the highest 

number of M0 rectal cancer diagnoses (average ≥42/year) were classified as high volume, the other one third of hospitals were classified as intermediate volume. 

 
Table 3 
Adjusted odds ratios of receiving radiotherapy versus chemoradiation (with or without induction/consolidation radiotherapy), 
stratified for patients diagnosed with intermediate rectal cancer before 2014 (n = 4058) and since 2014 (n = 5581) in the 
Netherlands 

 

  Diagnosed before 2014  Diagnosed since 2014 

  Radiotherapy, n = 2106  Radiotherapy, n = 3604 
  Chemoradiotherapy, n = 1952  Chemoradiotherapy, n = 1977 

  Odds ratio * (95%CI)  Odds ratio † (95%CI) 

Year of diagnosis (continuously) 1.12 (1.08–1.16)  1.03 (1.00–1.05) 
Sex      
 Men Reference   Reference  
 Women 1.14 (0.99–1.31)  1.04 (0.93–1.17) 
Age at time of diagnosis      
 <50 years Reference   Reference  
 50–75 years 1.75 (1.35–2.26)  1.56 (1.24–1.98) 
 >75 years 7.02 (5.22–9.45)  3.54 (2.72–4.61) 
Region of residence      
 North Reference   Reference  
 East 1.30 (0.90–1.86)  1.08 (0.79–1.48) 
 South 0.96 (0.66–1.38)  0.99 (0.72–1.36) 
 Southwest 0.71 (0.49–1.02)  0.97 (0.71–1.33) 
 Northwest 1.44 (1.01–2.06)  1.34 (0.99–1.83) 
Comorbidities ‡      
 No comorbidity in any CCI category n/a   Reference  
 Comorbidity in 1 CCI category n/a   1.24 (0.97–1.59) 
 Comorbidity in ≥2 CCI categories n/a   1.48 (1.11–1.98) 
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WHO performance status §      
 Performance status 0 n/a   Reference  
 Performance status 1 n/a   1.04 (0.88–1.23) 
 Performance status 2–4 n/a   3.17 (2.15–4.66) 
Hospital of surgery      
 Non-university Reference   Reference  
 University || 1.17 (0.74–1.84)  1.43 (0.99–2.08) 
Volume in the hospital of surgery ¶      
 Low volume of diagnoses Reference   Reference  
 Intermediate volume of diagnoses 1.07 (0.75–1.53)  0.91 (0.69–1.19) 
 High volume of diagnoses 1.18 (0.83–1.66)  1.03 (0.78–1.35) 

95%CI, 95% confidence interval; CCI, Charlson Comorbidity Index; WHO, World Health Organization. 
Values in bold are statistically significant 
* Multilevel logistic regression models with only a random effect were applied for all factors. The analyses on year of diagnosis, age, region and volume of diagnosis were not adjusted, as 

none of the variables fulfilled the criteria for inclusion in the adjustment sets. The analysis on sex was adjusted for age. The analysis on type of hospital was adjusted for region and volume 
of diagnosis. 

† A multilevel logistic regression model with both a random intercept and a random effect was applied for number of comorbidities. The analyses on year of diagnosis, sex and age were not 
adjusted, as none of the variables fulfilled the criteria for inclusion in the adjustment sets. The analyses on region, number of comorbidities, performance status and type of hospital were 
adjusted for age. The analysis on volume of diagnosis was adjusted for type of hospital. NB: the number of comorbidities and performance status were not included in adjustment sets, 
considering their limited availability. 

‡ Comorbidities were assessed for 2395 (43%) of the patients diagnosed since 2014. 
§ WHO performance status was available for 3138 (56%) of the patients diagnosed since 2014. 
|| Including the single cancer-specific hospital in the Netherlands. 
¶ The one third of hospitals with the lowest number of M0 rectal cancer diagnoses (average ≤22/year) were classified as low volume, the one third of hospitals with the highest number of M0 

rectal cancer diagnoses (average ≥42/year) were classified as high volume, the other one third of hospitals were classified as intermediate volume. 

 
Table 4 
Adjusted odds ratios of receiving chemoradiation without surgery versus chemoradiation with surgery, for patients diagnosed with 
locally advanced rectal cancer since 2014 in the Netherlands (n = 4019) 

 

  Diagnosed since 2014 

  Chemoradiation without surgery, n = 730 
  Chemoradiation, n = 3289 

  Odds ratio * (95%CI) 

Year of diagnosis (continuously) 1.21 (1.17–1.26) 
Sex   
 Men Reference  
 Women 0.89 (0.76–1.06) 
Age at time of diagnosis   
 <50 years Reference  
 50–75 years 1.40 (1.05–1.87) 
 >75 years 2.17 (1.54–3.06) 
Region of residence   
 North Reference  
 East 0.84 (0.59–1.21) 
 South 0.74 (0.50–1.09) 
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 Southwest 0.63 (0.42–0.93) 
 Northwest 0.65 (0.44–0.95) 
Comorbidities †   
 No comorbidity in any CCI category Reference  
 Comorbidity in 1 CCI category 0.99 (0.68–1.43) 
 Comorbidity in ≥2 CCI categories 1.56 (1.00–2.44) 
WHO performance status ‡   
 Performance status 0 Reference  
 Performance status 1 0.88 (0.71–1.08) 
 Performance status 2–4 1.55 (1.02–2.36) 
Hospital of diagnosis   
 Non-university Reference  
 University § 1.46 (0.92–2.33) 
Volume in the hospital of diagnosis ||   
 Low volume of diagnoses Reference  
 Intermediate volume of diagnoses 1.42 (0.97–2.08) 
 High volume of diagnoses 1.42 (0.97–2.08) 

95%CI, 95% confidence interval; CCI, Charlson Comorbidity Index; WHO, World Health Organization. 
Values in bold are statistically significant. 
* A multilevel logistic regression model with both a random intercept and a random effect was applied for number of comorbidities. The analyses on year of diagnosis, sex and region were 

not adjusted, as none of the variables fulfilled the criteria for inclusion in the adjustment sets. The analysis on age was adjusted for year of diagnosis. The analyses on number of 
comorbidities and performance status were adjusted for age. The analysis on type of hospital was adjusted for year of diagnosis, region and volume of diagnosis. The analysis on volume 
of diagnosis was adjusted for type of hospital. NB: the number of comorbidities and performance status were not included in adjustment sets, considering their limited availability. 

† Comorbidities were assessed for 1835 (46%) of the patients diagnosed since 2014. 
‡ WHO performance status was available for 2718 (68%) of the patients diagnosed since 2014. 
§ Including the single cancer-specific hospital in the Netherlands. 
|| The one third of hospitals with the lowest number of M0 rectal cancer diagnoses (average ≤22/year) were classified as low volume, the one third of hospitals with the highest number of M0 

rectal cancer diagnoses (average ≥42/year) were classified as high volume, the other one third of hospitals were classified as intermediate volume. 

 
 
Fig 1. Treatments for early rectal cancer. (A) Treatment trends over time. (B) Treatment trends per age group. CT, chemotherapy; RT, radiotherapy; CRT, 
chemoradiotherapy. 
 
Fig 2. Treatment trends for intermediate rectal cancer. (A) Treatment trends over time. (B) Treatment trends per age group. CT, chemotherapy; RT, 
radiotherapy; CRT, chemoradiotherapy. 

 
Fig 3. Treatment trends for locally advanced rectal cancer. (A) Treatment trends over time. (B) Treatment trends per age group. CT, chemotherapy; RT, 
radiotherapy; CRT, chemoradiotherapy. 
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Table 1 

Dutch guidelines for neoadjuvant (chemo)radiotherapy for patients with non-metastasized rectal 

cancer. 

*as staged on MRI/endorectal ultrasound for 2008-2014 and MRI for 2014 onwards. 

 

Date national guideline TNM classification* Neoadjuvant treatment 

2008-2014 

cT1N0 None 

cT2-4 N0/N1, and 

distance to MRF >1 mm 

5 x 5 Gy preoperative radiotherapy 

Distance to MRF ≤1mm or cN2 Preoperative chemoradiotherapy  

 

2014- onwards 

cT1-2N0 or cT3a-bN0; distance to 

MRF >1mm 

None 

cT1-3N1 or cT3c-d; distance to MRF 

>1mm 

5 x 5 Gy preoperative radiotherapy 

cT4 or cT3 with distance to MRF 

≤1mm  

and/or cN2/extramesorectal 

pathological lymph nodes 

Preoperative chemoradiotherapy 

 

MRF = mesorectal fascia 
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Table 2. Disease, patient and hospital characteristics, for patients diagnosed with non-metastatic rectal cancer in the Netherlands, stratified 

for early, intermediate and locally advanced disease (N=37,510) 

 

 Early Intermediate Locally advanced 

 N = 16,669 N = 11,291 N = 9,550 

 n (%) n (%) n (%) 

Clinical T-stage       

 TX n/a  514 (4.6) 112 (1.2) 

 T1 3,432 (20.6) 176 (1.6) 19 (0.2) 

 T2 6,875 (41.2) 1,854 (16.4) 462 (4.8) 

 T3 6,362 (38.2) 8,747 (77.5) 5,136 (53.8) 

 T4 n/a  n/a  3,821 (40.0) 

Clinical N-stage       

 NX 1,801 (10.8) 170 (1.5) 272 (2.8) 

 N0 14,868 (89.2) 1,284 (11.4) 1,000 (10.5) 

 N1 n/a  9,837 (87.1) 1,190 (12.5) 

 N2 n/a  n/a  7,088 (74.2) 

Year of diagnosis       

 2008-2012 4,948 (29.7) 3,603 (31.9) 2,821 (29.5) 

 2013-2017 6,642 (39.8) 4,813 (42.6) 4,349 (45.5) 

 2018-2021 5,079 (30.5) 2,875 (25.5) 2,380 (24.9) 

Sex       

 Men 10,547 (63.3) 7,274 (64.4) 5,637 (59.0) 

 Women 6,122 (36.7) 4,017 (35.6) 3,913 (41.0) 

Age at time of diagnosis       

 <50 years 645 (3.9) 663 (5.9) 890 (9.3) 

 50-75 years 11,724 (70.3) 7,896 (69.9) 6,620 (69.3) 

 >75 years 4,300 (25.8) 2,732 (24.2) 2,040 (21.4) 

Region of residence       

 North 2,292 (13.8) 1,495 (13.2) 1,346 (14.1) 

 East 2,688 (16.1) 1,953 (17.3) 1,964 (20.6) 

 South 4,208 (25.2) 2,677 (23.7) 2,481 (26.0) 

 Southwest 3,602 (21.6) 2,438 (21.6) 1,673 (17.5) 

 Northwest 3,879 (23.3) 2,728 (24.2) 2,086 (21.8) 

Comorbidities assessed A 5,689 (34.1) 3,625 (32.1) 3,394 (35.5) 

 No comorbidity in any CCI category 2,988 (52.5) 2,005 (55.3) 2,007 (59.1) 

 Comorbidities in 1 CCI category 1,650 (29.0) 985 (27.2) 912 (26.9) 

 Comorbidities in ≥2 CCI categories 1,051 (18.5) 635 (17.5) 475 (14.0) 

Most frequent comorbidities       

Jo
urn

al 
Pre-

pro
of



 Diabetes Mellitus 827 (14.5) 566 (15.6) 479 (14.1) 

 Chronic Pulmonary Disease 622 (10.9) 397 (11.0) 328 (9.7) 

 Other malignancy 649 (11.4) 366 (10.1) 287 (8.5) 

WHO performance status available B 4,461 (26.8) 3,624 (32.1) 3,739 (39.2) 

 Performance status 0 2,997 (67.2) 2,288 (63.1) 2,112 (56.5) 

 Performance status 1 1,130 (25.3) 1,057 (29.2) 1,287 (34.4) 

 Performance status 2-4 334 (7.5) 279 (7.7) 340 (9.1) 

Minimal travel time for radiotherapy       

 <15 minutes 5,892 (35.3) 3,892 (34.5) 3,318 (34.7) 

 15-30 minutes 9,108 (54.6) 6,259 (55.4) 5,310 (55.6) 

 >30 minutes 1,669 (10.0) 1,140 (10.1) 922 (9.7) 

Diagnosed in a university hospital C D 975 (5.9) 570 (5.1) 631 (6.6) 

Radiotherapy as part of the diagnosing hospital C 2,918 (17.5) 1,967 (17.4) 1,844 (19.3) 

Volume in the hospital of diagnosis C E       

 Low volume of diagnoses 2,316 (13.9) 1,637 (14.5) 1,346 (14.1) 

 Intermediate volume of diagnoses 4,880 (29.3) 3,272 (29.0) 2,839 (29.7) 

 High volume of diagnoses 9,457 (56.8) 6,369 (56.5) 5,360 (56.2) 

CCI: Charlson Comorbidity Index; n/a: not applicable 
A Before 2015, comorbidities were only assessed for patients diagnosed in the South region. 
B Available only since 2015. 
C Hospital of diagnosis is missing for 34 patients. 
D Including the single cancer-specific hospital in the Netherlands. 
E The one third of hospitals with the lowest number of M0 rectal cancer diagnoses (average ≤22 p/year) were classified as low volume, the one third of hospitals with the 

highest number of M0 rectal cancer diagnoses (average ≥42 p/year) were classified as high volume, the other one third of hospitals were classified as intermediate volume. 
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Table 3. Adjusted odds ratios (OR) of receiving radiotherapy (RT) versus chemoradiation (CRT) (with or 

without induction/consolidation RT), stratified for patients diagnosed with intermediate rectal cancer 

before 2014 (N=4,058) and since 2014 (N=5,581) in the Netherlands 

 

  Diagnosed before 2014  Diagnosed since 2014 

  RT, N = 2,106  RT, N = 3,604 

  CRT, N = 1,952  CRT, N = 1,977 

  OR A (95%CI)  OR B (95%CI) 

Year of diagnosis (continuously) 1.12 (1.08-1.16)  1.03 (1.00-1.05) 

Sex      

 Men Reference   Reference  

 Women 1.14 (0.99-1.31)  1.04 (0.93-1.17) 

Age at time of diagnosis      

 < 50 years Reference   Reference  

 50-75 years 1.75 (1.35-2.26)  1.56 (1.24-1.98) 

 > 75 years 7.02 (5.22-9.45)  3.54 (2.72-4.61) 

Region of residence      

 North Reference   Reference  

 East 1.30 (0.90-1.86)  1.08 (0.79-1.48) 

 South 0.96 (0.66-1.38)  0.99 (0.72-1.36) 

 Southwest 0.71 (0.49-1.02)  0.97 (0.71-1.33) 

 Northwest 1.44 (1.01-2.06)  1.34 (0.99-1.83) 

Comorbidities C      

 No comorbidity in any CCI category n/a   Reference  

 Comorbidity in 1 CCI category n/a   1.24 (0.97-1.59) 

 Comorbidity in ≥2 CCI categories n/a   1.48 (1.11-1.98) 

WHO performance status D      

 Performance status 0 n/a   Reference  

 Performance status 1 n/a   1.04 (0.88-1.23) 

 Performance status 2-4 n/a   3.17 (2.15-4.66) 

Hospital of surgery      

 Non-university Reference   Reference  

 University E 1.17 (0.74-1.84)  1.43 (0.99-2.08) 

Volume in the hospital of surgery F      

 Low volume of diagnoses Reference   Reference  

 Intermediate volume of diagnoses 1.07 (0.75-1.53)  0.91 (0.69-1.19) 

 High volume of diagnoses 1.18 (0.83-1.66)  1.03 (0.78-1.35) 

OR: odds ratio, RT: radiotherapy, CRT: chemoradiation, 95%CI: 95%% confidence interval, CCI: Charlson Comorbidity Index; 

values in bold are statistically significant 
A Multilevel logistic regression models with only a random effect were applied for all factors. The analyses on year of 

diagnosis, age, region and volume of diagnosis were not adjusted, as none of the variables fulfilled the criterium for inclusion 

in the adjustment sets. The analysis on sex was adjusted for age. The analysis on type of hospital was adjusted for region 

and volume of diagnosis. 
B A multilevel logistic regression model with both a random intercept and random effect was applied for number of 

comorbidities. The analyses on year of diagnosis, sex and age were not adjusted, as none of the variables fulfilled the 

criterium for inclusion in the adjustment sets. The analyses on region, number of comorbidities, performance status and type 

of hospital were adjusted for age. The analysis on volume of diagnosis was adjusted for type of hospital. NB. number of 

comorbidities and performance status were not included in adjustment sets, considering their limited availability. 
C Comorbidities were assessed for 2,395 (43%) of the patients diagnosed since 2014. 
D WHO performance status was available for 3,138 (56%) of the patients diagnosed since 2014. 
E Including the single cancer specific hospital in the Netherlands. 
F The one third of hospitals with the lowest number of M0 rectal cancer diagnoses (average ≤22 p/year) were classified as low 

volume, the one third of hospitals with the highest number of M0 rectal cancer diagnoses (average ≥42 p/year) were 

classified as high volume, the other one third of hospitals were classified as intermediate volume. 
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Table 4. Adjusted odds ratios (OR) of receiving chemoradiation (CRT) without surgery versus CRT with 

surgery, for patients diagnosed with locally advanced rectal cancer since 2014 in the Netherlands 

(N=4,019) 

 

  Diagnosed since 2014 

  CRT without surgery, N = 730 

  CRT, N = 3,289 

  OR A (95%CI) 

Year of diagnosis (continuously) 1.21 (1.17-1.26) 

Sex   

 Men Reference  

 Women 0.89 (0.76-1.06) 

Age at time of diagnosis   

 < 50 years Reference  

 50-75 years 1.40 (1.05-1.87) 

 > 75 years 2.17 (1.54-3.06) 

Region of residence   

 North Reference  

 East 0.84 (0.59-1.21) 

 South 0.74 (0.50-1.09) 

 Southwest 0.63 (0.42-0.93) 

 Northwest 0.65 (0.44-0.95) 

Comorbidities B   

 No comorbidity in any CCI category Reference  

 Comorbidity in 1 CCI category 0.99 (0.68-1.43) 

 Comorbidity in ≥2 CCI categories 1.56 (1.00-2.44) 

WHO performance status C   

 Performance status 0 Reference  

 Performance status 1 0.88 (0.71-1.08) 

 Performance status 2-4 1.55 (1.02-2.36) 

Hospital of diagnosis   

 Non-university Reference  

 University D 1.46 (0.92-2.33) 

Volume in the hospital of diagnosis E   

 Low volume of diagnoses Reference  

 Intermediate volume of diagnoses 1.42 (0.97-2.08) 

 High volume of diagnoses 1.42 (0.97-2.08) 

OR: odds ratio, CRT: chemoradiation, 95%CI: 95%% confidence interval, CCI: Charlson Comorbidity Index; values in bold are 

statistically significant 
A A multilevel logistic regression models with both a random intercept and random effect was applied for number of 

comorbidities. The analyses on year of diagnosis, sex and region were not adjusted, as none of the variables fulfilled the 

criterium for inclusion in the adjustment sets. The analysis on age was adjusted for year of diagnosis. The analyses on 

number of comorbidities and performance status were adjusted for age. The analysis on type of hospital was adjusted for 

year of diagnosis, region and volume of diagnosis. The analysis on volume of diagnosis was adjusted for type of hospital. 

NB. number of comorbidities and performance status were not included in adjustment sets, considering their limited 

availability. 
B Comorbidities were assessed for 1,835 (46%) of the patients diagnosed since 2014. 
C WHO performance status was available for 2,718 (68%) of the patients diagnosed since 2014. 
D Including the single cancer specific hospital in the Netherlands. 
E The one third of hospitals with the lowest number of M0 rectal cancer diagnoses (average ≤22 p/year) were classified as low 

volume, the one third of hospitals with the highest number of M0 rectal cancer diagnoses (average ≥42 p/year) were 

classified as high volume, the other one third of hospitals were classified as intermediate volume. 
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Figure 1. Treatments for early rectal cancer. A) Treatment trends over time. B) Treatment trends per 

age group.  

CT = chemotherapy 

RT = radiotherapy 

CRT = chemoradiotherapy 
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Figure 2. Treatment trends for intermediate rectal cancer. A) Treatment trends over time. B) 

Treatment trends per age group.  

CT = chemotherapy 

RT = radiotherapy 

CRT = chemoradiotherapy Jo
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Figure 3. Treatment trends for locally advanced rectal cancer. A) Treatment trends over time. B) 

Treatment trends per age group.  

CT = chemotherapy 

RT = radiotherapy 

CRT = chemoradiotherapy 
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Highlights 

 

• The implementation of the national colorectal cancer screening programme saw a surge of 

new early rectal cancer diagnoses, corresponding with more endoscopic resections in this 

time.  

• The implementation of a new national guideline in 2014 resulted in a decrease in 

neoadjuvant treatment for early rectal cancer. 

• For intermediate rectal cancer, a shift was seen from neoadjuvant chemoradiotherapy to 

radiotherapy. 

• The paradigm shift towards organ preservation was apparent, particularly for locally 

advanced rectal cancer.  
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