
Correspondence: M. G. Guren, Department of Oncology, Oslo University Hospital, Ullevaal PO Box 4956 Nydalen, 0424 Oslo, Norway. Tel:  47 23 
026600/ 47 23 027846. Fax:  47 23 026601. E-mail: Marianne.gronlie.guren@ous-hf.no

(Received 31 October 2014; accepted 21 March 2015)

ORIGINAL ARTICLE

Nationwide improvement of rectal cancer treatment outcomes in 
Norway, 1993–2010

Marianne G. Guren1,2, Hartwig Kørner3,4, Frank Pfeffer4,5,  
Tor Å. Myklebust6, Morten T. Eriksen7, Tom-Harald Edna8,9,  
Stein G. Larsen10, Kristin O. Knudsen6, Arild Nesbakken2,10,11,12,  
Hans H. Wasmuth13, Barthold Vonen14,15, Eva Hofsli16, Arne E. Færden7, 
Morten Brændengen1, Olav Dahl17,18, Sonja E. Steigen19,  
Magnar J. Johansen20, Rolv-Ole Lindsetmo21,22, Anders Drolsum23, 
Geir Tollåli24, Liv M. Dørum6, Bjørn Møller6 & Arne Wibe13,25

1Department of Oncology, Oslo University Hospital, Oslo, Norway, 2K. G. Jebsen Colorectal Cancer Research Centre, 
Oslo University Hospital, Oslo, Norway, 3Department of GI Surgery, Stavanger University Hospital, Stavanger, 
Norway, 4Department of Clinical Medicine, University of Bergen, Bergen, Norway, 5Department of Surgery, 
Haukeland University Hospital, Bergen, Norway, 6Department of Registration, Cancer Registry of Norway, Oslo, 
Norway, 7Department of Digestive Surgery, Akershus University Hospital, Lørenskog, Norway, 8Department of 
Surgery, Levanger Hospital, North-Trondelag Hospital Trust, Levanger, Norway, 9Unit for Applied Clinical Research, 
Institute of Cancer Research and Molecular Medicine, Norwegian University of Science and Technology, Trondheim, 
Norway, 10Department of Gastroenterological Surgery, Oslo University Hospital, Oslo, Norway, 11Institute of Clinical 
Medicine, University of Oslo, Oslo, Norway, 12Centre for Cancer Biomedicine, University of Oslo, Oslo, Norway, 
13Department of Gastrointestinal Surgery, St. Olavs Hospital, Trondheim University Hospital, Trondheim, Norway, 
14Nordland Hospital Trust, Bodø, Norway, 15University of Tromsø, Institute of Community Medicine, Tromsø, 
Norway, 16Department of Oncology, St. Olavs Hospital, Trondheim University Hospital, Trondheim, Norway, 
17Department of Clinical Science, MOF, University of Bergen, Bergen, Norway, 18Department of Oncology, 
Haukeland University Hospital, Bergen, Norway, 19Department of Pathology, University Hospital of North Norway, 
Tromsø, Norway, 20Department of Oncology, University Hospital of North Norway, Tromsø, Norway, 21Department 
of Gastrointestinal Surgery, University Hospital of North Norway, Tromsø, Norway, 22Institute of Clinical Medicine, 
The Arctic University of Norway, Tromsø, Norway, 23Department of Radiology and Nuclear Medicine, Oslo 
University Hospital, Oslo, Norway, 24Department of Gastroenterology, Nordland Hospital, Bodø, Norway, 25Institute 
of Cancer Research and Molecular Medicine, Norwegian University of Science and Technology, Trondheim, Norway

Abstract

Background. The Norwegian Rectal Cancer Project was initated in 1993 with the aims of improving surgery, decreas-
ing local recurrence rates, improving survival, and establishing a national rectal cancer registry. Here we present results 
from the Norwegian Colorectal Cancer Registry (NCCR) from 1993 to 2010.
Material and methods. A total of 15 193 patients were diagnosed with rectal cancer in Norway 1993–2010, and were 
registered with clinical data regarding diagnosis, treatment, locoregional recurrences and distant metastases. Of these, 
10 796 with non-metastatic disease underwent tumour resection. The results were stratified into five time periods, and 
the treatment outcomes were compared. Recurrence rates are presented for the 9785 patients who underwent curative 
major resection (R0/R1).
Results. Among all 15 193 patients, relative five-year survival increased from 54.1% in 1993–1997 to 63.4% in 
2007–2010 (p  0.001). Among the 10 796 patients with stage I–III disease who underwent tumour resection,  
from 1993–1997 to 2007–2010, relative five-year survival improved from 71.2% to 80.6% (p  0.001). An increasing 
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Colorectal cancer is one of the most common cancers 
worldwide, with the highest incidence in Europe, 
Australia, and US [1]. Historically, rectal cancer has 
been associated with high local recurrence rates with 
severe symptom burden and poor survival. The first 
main treatment challenge is to reduce local recur-
rence rates and improve survival without impairing 
functional outcomes and quality of life. Development 
of the total mesorectal excision (TME) technique 
significantly improved outcome [2]. Additionally, 
there have been substantial improvements in radiol-
ogy, pathology, and multimodality treatments [3]. 
The second main challenge is to reduce distant recur-
rence, and treatment strategies have evolved further 
and are becoming more complex and tailored [4].

In 1993, the Norwegian Rectal Cancer Project 
was initiated with the aim of improving nationwide 
rectal cancer outcomes after curative surgery. The 
objectives were to improve rectal cancer surgery by 
introducing TME surgery, reduce local recurrence 
rates and improve survival, and establish a registry 
for quality control [5]. The strategy was to establish 
a national consensus for the management of patients 
with rectal cancer, and to monitor outcomes and 
report them back to each institution. For this pur-
pose, the Norwegian Colorectal Cancer Registry 
(NCCR) was established as the first national popu-
lation-based registry, including all patients with rectal 
cancer from 1993, and colon cancer from 2007 [5].

When TME was introduced as the national stan-
dard of surgery [2], numerous multidisciplinary 
workshops were held [5]. Over the following years, 
diagnosis and treatment methods changed to include 
assessment of circumferential resection margin 
(CRM) [6], magnetic resonance imaging (MRI) for 
locoregional staging [7], computed tomography (CT) 
for metastases detection, establishment of multidisci-
plinary teams [8], and a tailored approach to preop-
erative radiotherapy or chemoradiotherapy [9–12]. 
Treatment guidelines have evolved based on scientific 
evidence [4], and the NCCR multidisciplinary board 
regularly updates the national guidelines.

The present study aimed to evaluate the results 
of rectal cancer treatment in Norway by reporting 
the crude outcomes from the NCCR for all patients 
with rectal cancer who were operated with curative 
intent from 1993 to 2010. Long-term outcomes of 

rectal cancer treatment from a national clinical qual-
ity registry are reported. Time trends on local recur-
rence rates, metachronous distant metastases, and 
survival, as well as important diagnostic and treat-
ment parameters are presented.

Material and methods

Cancer Registry of Norway (CRN)

Established in 1953, the Cancer Registry of Norway 
(CRN) registers all cancer incidents in Norway by 
legal obligation. The patients are identified by a 
unique 11-digit personal number, enabling individual 
follow-up through linkage with different data sources. 
Clinicians are required to report all patients diag-
nosed with primary cancer or recurrence. All pathol-
ogy reports that include cancer diagnosis are reported 
separately. Individual patient data are linked with 
radiotherapy reports, the Norwegian Patient Register 
(patients’ records from public hospitals), and the 
Norwegian Cause of Death Registry. A systematic 
quality control regimen ensures that reminders are 
sent for missing data. The CRN has been proven to 
have a very high degree of completeness (98.8%) and 
timeliness for registering new cases [13].

Norwegian Colorectal Cancer Registry (NCCR)

Established within the CRN in 1993, the Norwegian 
Rectal Cancer Registry is a clinical registry that doc-
uments treatments and outcomes for patients with 
rectal cancer [5]. All patients diagnosed with rectal 
cancer are reported by the clinician with clinical data 
regarding diagnosis, preoperative work-up and treat-
ment, and subsequent locoregional recurrences or 
metastases. The registry is an integrated part of the 
CRN. In 2007, it was expanded to include all patients 
diagnosed with colon cancer, and the name was 
changed to the NCCR. The board of the NCCR 
comprises the Norwegian Gastrointestinal Cancer 
Group-Colorectal subgroup (NGICG-CR), which 
maintains academic responsibility for the registry 
and the national treatment guidelines for colorectal 
cancer. The NGICG-CR includes colorectal sur-
geons, oncologists, radiologist, pathologist, epidemi-
ologist, and representatives from the CRN, also 
ensuring national geographic representation.

proportion of these patients underwent surgery at large-volume hospitals; and 30- and 100-day mortality rates, respec-
tively, decreased from 3.0% to 1.4% (p  0.001) and from 5.1% to 3.0% (p  0.011). Use of preoperative chemoradio-
therapy increased from 6.5% in 1993 to 39.0% in 2010 (p  0.001). Estimated local recurrence rate after major resection 
(R0/R1) decreased from 14.5% in 1993–1997 to 5.0% in 2007–2009 (p  0.001), and distant recurrence rate decreased 
from 26.0% to 20.2% (p  0.001).
Conclusion. Long-term outcomes from a national population-based rectal cancer registry are presented. Improvements 
in rectal cancer treatment have led to decreased recurrence rates of 5% and increased survival on a national level.
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Norwegian treatment guidelines

Since the introduction of TME surgery, rectal cancer 
treatment in Norway has gradually evolved. Initially, 
the main focus was on optimising surgery by imple-
menting the TME technique and routines for patho-
logical work-up of the specimens [2,6]. Thereafter, 
rectal surgery became reserved for gastrointestinal 
surgery specialists. Guidelines subsequently recom-
mended preoperative chemoradiotherapy for patients 
with fixed or T4 tumours, and postoperative chemo-
radiotherapy to patients with bowel perforation near 
the primary tumour or pT4 tumours. Clinicians 
gradually adopted the use of recommended preop-
erative imaging with MRI and treatment discussions 
in multidisciplinary teams. Since 2003, neoadjuvant 
chemoradiotherapy was recommended for patients 
with a tumour with  3 mm to the mesorectal fascia 
based on MRI. Staging of the pathologic specimen 
includes staging after surgery (pTNM) or after 
chemoradiotherapy and surgery (ypTNM). Adjuvant 
chemotherapy has not been routinely recommended 
and is therefore rarely administered. Patients are usu-
ally followed for five years after surgery. Screening 
for colorectal cancer has not been routinely imple-
mented in Norway. The treatment recommendations 
of the NGICG-CR were officially endorsed by the 
national health authorities in 2010, with the publish-
ing of comprehensive national guidelines to ensure 
equal patient treatment regardless of socio-economic 
status or geographic location.

Patients

The present study included all patients diagnosed with 
rectal cancer in Norway from 1 November 1993 to 31 
December 2010. The data were stratified into five time 
periods: 1993–1997, 1998–2000, 2001–2003, 2004–
2006, and 2007–2010. The time period groupings 
were selected to avoid periods with too few patients 
and a corresponding lack of statistical power. During 
the earliest period, TME was not yet fully implemented 
in all hospitals, but it has been considered standard 
treatment in all hospitals since 1998 [5].

Patients who underwent tumour resection were 
included in the final analyses (Figure 1). Metastases 
were defined as synchronous if detected within four 
months of diagnosis or surgery. One could anticipate 
increased sensitivity for detecting metastases during 
the study period, and thereby a stage migration, how-
ever this was not observed. Designated clinicians at 
each hospital routinely receive queries requesting any 
missing data regarding preoperative staging, treat-
ment, and updated information on local and distant 
recurrence for stage I–III patients operated with cura-
tive (R0/R1) major resection; these patients were 

All patients diagnosed with rectal
cancer 1.1.1993–31.12.2010

N=15 193

Patients with stage I–III who
underwent tumor resection

N=10 796

Patients with stage I–III who
underwent major resection R0/R1

N=9785

Stage IV
N=2816

No surgery
N=1205
Stoma
N=376

Local residual
tumour (R2)

N=377

Minor resection
N=634

Figure 1. Flow-chart of all patients included in the analyses.

included in the analyses of recurrence rates. For the 
last time period analysed, clinical information regard-
ing diagnosis and staging was received for 93% of 
patients, and treatment parameters for 91%. In 
2012/2013, a large query to all hospitals was under-
taken to ensure updated data on local and distant 
recurrences. Of 36 hospitals, 31 responded, repre-
senting 98% of the patients, who were included in the 
analyses of subsequent local and distant recurrence.

Statistical methods

To estimate relative survival, patients were followed 
from inclusion date until death from any cause or the 
end of the study period (31 December 2012), which-
ever came first. When analysing all patients diagnosed 
with rectal cancer the inclusion date was the date of 
diagnosis, whereas for patients undergoing curative 
surgery the inclusion date was the date of surgery. To 
estimate the proportion of patients who experienced 
local recurrence and/or distant metastasis, patients 
were followed from the time of surgery until the first 
recurrence, or until the end of the study period. For 
groups of patients with at least five years of complete 
follow-up, the cohort method was used to calculate 
the estimates. For the last cohort (2007–2010), a 
variant of the hybrid approach was used to calculate 
relative survival estimates [14]. This method 
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accounted for the lack of patients with longer fol-
low-up by including previously diagnosed patients 
who had already survived a given number of years. 
For the survival analysis, complete follow-up was 
available for patients diagnosed up to 2010. For local 
and distant recurrence, complete follow-up was avail-
able for patients diagnosed up to 2009.

Time trends were determined using ordinary lin-
ear regression. Information on type of surgery was 
missing for 9.2% of the patients in the last period, 
due to incomplete clinical reporting. To better be 
able to study time trends, it was assumed that the 
distribution of surgery type was equal for those with 
and without clinical information. A K-sample test for 
equality of medians was applied to determine trends 
in ageing. A log-rank test was used to determine dif-
ferences in survival curves. The significance level was 
set to 95%, and p-values were calculated where 
applicable.

Results

A total of 15 193 patients were diagnosed with rec-
tal cancer from 1993 to 2010; the median age was 
72 years, and 57.0% were males. Metastatic disease 
was present at diagnosis in 2816 patients (18.5%; 
Figure 1), the proportion was similar in all time 
periods. Of the 12 377 patients with stage I–III dis-
ease, 1205 did not undergo surgery, and 376 
received a stoma but no tumour resection; these 
patients had a median age of 80 years. The five-year 
relative survival for all patients increased from 
54.1% in 1993–1997 to 63.4% in 2007–2010 
(p  0.001; Figure 2).

A total of 10 796 patients with stage I–III disease 
underwent tumour resection, and were included in 
the further analyses (Figure 1). Patient and treat-

ment characteristics are presented in Table I, strati-
fied for time period. Of these patients, 6219 (57.6%) 
were male, and the median age was 71 years (69 
years in the last time period; p  0.001).

Low anterior resection (LAR) was performed in 
56.2% of cases, abdominoperineal resection (APR) 
in 26.8%, and Hartmann resection in 7.7%  
(Table I). Over the time periods, the APR rate 
decreased slightly with a corresponding increase in 
the rate of Hartmann resection. The use of defunc-
tioning stomas increased from 27.5% of patients 
with LAR in 1993–1997 to 50.1% in 2007–2010 
(p  0.001). Minor resection was performed in 634 
(5.9%) patients, the median age was 78 years and 
most had stage I disease. Macroscopic residual pri-
mary tumour (R2) was present in 377 (3.5%) 
patients. Emergency surgery was performed in 1.5% 
of the cases. During the last time period, 9.5% of 
patients underwent laparoscopic procedures, with 

Table I. Patient and treatment characteristics according to treatment period among all 10 796 patients 
who underwent tumour resection for rectal cancer from 1993 to 2010.

Time period

p-value
1993–1997  
(n  2478)

1998–2000  
(n  1815)

2001–2003  
(n  1961)

2004–2006  
(n  1947)

2007–2010  
(n  2595)

Sex
Males (%) 56.8 56.5 58.3 57.3 58.8 0.761a

Females (%) 43.2 43.5 41.7 42.7 41.2
Age, median years 71 72 71 71 69 0.000b

Surgery (%)
LAR 58.8 56.0 55.7 58.4 57.3 0.317a

APR 28.6 27.8 28.0 25.8 26.2 0.020a

Hartmann 5.4 9.1 9.1 8.2 8.2 0.009a

Minor resectionc 6.7 6.3 6.2 5.9 4.9 0.024a

Unknown 0.5 0.8 0.9 1.7 3.4 0.000a

APR, abdominoperineal resection; LAR, low anterior resection.
aTest for linear trend; bK-sample test for equality of medians; cMinor resection includes transanal local 
excision, polypectomy, others.

Figure 2. Five-year relative survival of all 15 193 patients diagnosed 
with rectal cancer in Norway from 1 November 1993 to 31 
December 2010, according to time period.
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the annual rate increasing from 3.7% in 2007 to 
17.1% in 2010 (p  0.001).

Curative rectal cancer surgery was performed at 
56 hospitals in 1993–1997, and at 36 hospitals in 
2007–2010. In the last time period, 69% of patients 
were operated at hospitals that performed  25 cura-
tive operations for rectal cancer per year (Figure 3a). 
These data show a marked increase in the percentage 
of patients operated at large-volume hospitals.

Analyses across time periods showed an increas-
ing proportion of patients receiving preoperative 
radiotherapy or chemoradiotherapy (Figure 3b), from 
6.5% of patients in 1993 to 39.0% in 2010. Preop-
erative radiotherapy was most often administered at 
a total dose of 50 Gy, with concomitant use of 5- 
fluorouracil or capecitabine. Postoperative chemora-
diotherapy was administered to approximately 5% of 
patients, and this rate remained stable across the time 
periods. In the last time period, 2.8% received adju-
vant chemotherapy.

Pathological examination of the surgical speci-
mens (i.e. pTNM or ypTNM stage) revealed that 

30.8% were stage I, 32.2% stage II, and 29.4% stage 
III (Table II). In the last time period, routine pathol-
ogy showed a complete response after chemoradio-
therapy in 4.6% of all patients. CRM was reported 
in 49.7% of patients in the first time period and 
81.6% in the last time period. The rate of involved 
(0–1 mm) CRM decreased from 9.6% to 5.7% across 
the same periods. The rate of anastomotic leakage 
after LAR decreased and was 9.2% in the last  
time period. The 30- and 100-day mortality rates 
decreased, and were 1.4% and 3.0%, respectively, in 
the last time period (p  0.001).

Among the 10 796 patients who underwent 
tumour resection, the five-year relative survival 
improved from 71.2% in 1993–1997 to 80.6% in 
2007–2010 (p  0.001; Figure 4).

The five-year estimated local recurrence rate in 
the 9785 patients who had undergone major resec-
tion (R0/R1) improved from 14.5% in 1993–1997 to 
5.0% in 2007–2009 (p  0.001; Figure 5a). The larg-
est improvements in local recurrence rates were seen 
among patients with p/yp T3 and T4 tumours  
(Table III). Estimated median time to local recur-
rence was 20.3 months for all time periods 
(p  0.657).

The five-year estimated distant recurrence rate in 
these patients decreased from 26.0% in 1993–1997 
to 20.2% in 2007–2009 (p  0.001; Figure 5b). 
Despite improved local control, the rate of distant 
metastases remained relatively unchanged the last 
time periods.

Discussion

The present study demonstrates that the past 20 
years of continuous efforts to improve rectal cancer 
management have significantly improved survival 
and local and distant recurrence rates on a national 
level. This has been a joint effort, uniting multidis-
ciplinary professional communities and the CRN, 
with the common goal of improving outcomes. 
Important factors contributing to this success were 
probably the implementation of TME surgery of 
high quality [2], advancements in high-resolution 
radiology with better preoperative staging [7], dedi-
cated pathology [6], and increased use of preopera-
tive chemoradiotherapy [12]. The study reports the 
long-term outcomes from a national population-
based rectal cancer registry with a high degree of 
completeness and a high quality of data. The results 
from the NCCR document that excellent results 
were achieved on a national level.

In the early 1990s, rectal cancer treatment under-
went a paradigm shift with the introduction of TME 
surgery and the systematic reporting of detailed 
pathological data, including CRM [2,6]. Inspired by 

Figure 3. (a) The distribution of the surgery of the 10 796 patients 
who underwent tumour resection among hospitals that performed 
 10, 11–25, and  25 major operations for rectal cancer per year. 
(b) The percentage of patients receiving preoperative radiotherapy 
or chemoradiotherapy, of the 10 796 patients with stage I–III who 
underwent tumour resection.
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this, the Norwegian Rectal Cancer Project was initi-
ated with the major objective of reducing local recur-
rence rates by introducing TME at a national level. 
In the late 1980s, the reported national local recur-
rence rates ranged from 21% to 28% [15,16], while 
lower recurrence rates achieved by TME surgery 
were reported by Heald et al., and supported by oth-
ers [2,17,18]. While some countries combined short-
course preoperative radiotherapy with surgery [9,10], 
in Norway, the initial strategy was to improve treat-
ment by optimising surgery. Following the imple-
mentation of TME surgery, the first report from the 
NCCR showed reduction of the local recurrence rate 
to 13% [5]. Since then, the recurrence rate has 

steadily decreased, most likely due to further improve-
ments in surgical technique, surgery performed at 
fewer hospitals, locoregional staging with MRI 
enabling improved planning of the surgical proce-
dure and selection of patients for neoadjuvant treat-
ment, treatment decisions in multidisciplinary teams, 
and increased use of preoperative chemoradiother-
apy [7,8,12,19,20]. Local recurrence rates of 5% are 
comparable to results obtained in large randomised 
studies of primary resectable rectal cancer [9–11], 
and this achievement on a national population-based 
level can be considered as very good [21].

The Norwegian Rectal Cancer Registry was the 
first population-based national clinical registry of 
rectal cancer. It is based on mandatory reporting of 
clinical and pathology data, linkage with other pop-
ulation-based registries, and strict routines for pro-
spective quality control including queries regarding 
missing data and updates on outcomes.These mea-
sures ensure a high degree of completeness and qual-
ity of core parameters. Several other countries have 
since established national, regional, or multicentre 
registries, and a European initiative to provide qual-
ity data on rectal cancer in Europe (EURECCA) has 
been undertaken [22–25]. Well designed and con-
tinuously maintained national clinical registries are 
essential to ensure valid outcome documentation.

Population-based clinical registries have obvious 
limitations. Despite great efforts, the data are limited 
to a smaller number of variables, and are of less 
detailed quality compared to those registered in con-
trolled clinical trials. More sensitive staging methods 

Table II. Disease stage and outcome after surgery according to treatment period among all 10 796 
patients who underwent tumour resection for rectal cancer from 1993 to 2010.

Time period

p-value
1993–1997 
(n  2478)

1998–2000  
(n  1815)

2001–2003  
(n  1961)

2004–2006  
(n  1947)

2007–2010  
(n  2595)

Anastomotic leak (%)a 11.9 8.5 7.3 8.2 9.2 0.026b

Mortality (%)
30-day 3.0 3.2 3.2 2.2 1.4 0.000c

100-day 5.1 5.4 4.9 3.8 3.0 0.000c

Stage, p/ypTNM (%)
pCR 0.0 0.1 0.3 1.2 4.6
Stage I 30.0 30.9 32.0 31.3 30.1
Stage II 35.4 34.7 31.5 30.1 29.7
Stage III 29.7 30.5 32.0 25.8 29.1
Unknown 4.8 3.9 4.2 11.6 6.5

CRM (mm)
0–1 9.6 8.7 9.1 7.2 5.7
1–3 6.1 9.1 7.8 7.9 7.7
 3 33.9 46.6 48.2 64.6 68.2
Unknown 50.3 35.5 34.9 20.3 18.4

CRM, circumferential resection margin; pCR, pathological complete response; pTNM, pathological 
TNM staging; ypTNM, pathological TNM staging after preoperative radiotherapy.
aPercentage of patients operated with low anterior resection; bTest for linear trend; cLog-rank test for 
difference in mortality functions.

Figure 4. Five-year relative survival of all 10 796 patients with 
stage I–III rectal cancer who underwent tumour resection in 
Norway from 1993 to 2010.
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over time may result in increased detection of metas-
tases and thereby stage migration; however, this was 
not seen in the present study. Furthermore, the path-
ological staging reported in the registry is dependant 
on whether radiotherapy was given or not, and is 

therefore either pTNM or ypTNM. For registry-
based studies, data quality is of the utmost impor-
tance. The Swedish Rectal Cancer Registry has 
demonstrated good validity for several core param-
eters, few erroneous registrations, and missing data 
for recurrence in 13% [26], and the NCCR has 
recently shown good validity [27]. In the present 
study, in spite of extensive queries, the registered 
recurrence rates may be underestimated, and may 
possibly reflect the first occurring event. Further-
more, for the last time period the follow-up time is 
shorter, and therefore recurrence data are based on 
observed recurrences and estimates. However, sur-
vival data are highly reliable due to the linkage with 
Statistics Norway based on the unique personal iden-
tification number.

Alongside the results of clinical randomised trials 
and well designed observational studies, population-
based data may provide an important contribution 
as all patients in the defined population are included, 
regardless of age and possible comorbidities. The 
data are also very useful for quality improvement, as 
the NCCR provided each institution with the hospi-
tal-specific outcomes alongside national results. 
Since 2013, the complete annual NCCR report is 
published on the CRN website, including details 
regarding the treatment results per individual hospi-
tal, in line with national requirements.

Although local control and survival have improved 
over time [28,29], further improvement in outcome 
remains a challenge. This could be obtained by ear-
lier cancer detection, increased rate of radical (R0) 
resection by extended TME, and multimodality 
treatment of patients with high risk of relapse after 
initial curative resection, and those who present with 
metastatic disease. The role of adjuvant chemother-
apy in patients with rectal cancer remains controver-
sial, as recent studies of adjuvant chemotherapy after 
preoperative chemoradiotherapy have not reported 
improved outcomes [4,30]. Risk factors for poor  

Figure 5. Local recurrence (a) and distant recurrence (b) according 
to treatment period among all 9785 patients with stage I–III rectal 
cancer who underwent major resection (R0/R1 surgery) in Norway 
from 1993 to 2009.

Table III. Local recurrence rates after R0/R1 major resection according to pathological tumour stage and 
preoperative (chemo)radiotherapy for rectal cancer.

Time period

1993–1997 1998–2000 2001–2003 2004–2006 2007–2009

Local recurrence, %, all patients 14.5 12.2 10.4 8.2 5.0
Local recurrence, %, pathological stagea

T1 6.8 0.0 2.9 0.0 2.0
T2 7.3 6.9 4.8 5.5 3.0
T3 17.0 16.6 13.6 10.8 7.0
T4 32.8 14.8 25.1 21.5 12.5

Local recurrence, %, radiotherapyb

Yes 21.8 11.7 12.1 7.4 4.3
No 14.1 12.2 10.2 8.5 5.3

apT or ypT stage; bMostly preoperative chemoradiotherapy 50 Gy in 2 Gy fractions with concomitant 
5-fluororuracil.
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survival include involved CRM, malignant lymph 
nodes, T3 tumour with large extramural tumour 
spread, vascular invasion, and peritoneal affection, 
often detected by MRI [7,31]. Further studies are 
needed to address therapeutic responses and effects 
on survival in patients with high-risk tumour charac-
teristics. One major issue will likely be the potential 
benefit of neoadjuvant chemotherapy among patients 
with a high risk of relapse. New prognostic biomark-
ers might further improve risk stratification and 
guide treatment decisions.

Early studies from the NCCR documented 
decreased local recurrence rates following imple-
mentation of the TME tecnique [5], and later addi-
tional reduction following further optimisation of 
surgery through specialisation, and increased use of 
preoperative radiotherapy [20]. Studies from the 
registry have shown that decreased local and distant 
recurrence rates have improved the survival of 
patients with rectal cancer at a national level [28,29]. 
Poor prognostic factors have been identified, includ-
ing distance to the CRM, inadvertent perforation, 
pathological lymph nodes, anastomotic leakage, 
peritoneal affection, and short distal resection mar-
gin [31]. Studies have described the treatment out-
comes in young and elderly patients, for T1 and T4 
tumours, for recurrent disease treatment, and for 
palliative treatment [32,33]. The NCCR has pro-
vided the basis for population-based research on 
late effects on quality of life, and anorectal and 
sexual function [34,35]. These studies on large 
cohorts from everyday practice may be more repre-
sentative than patient series from specialised cen-
tres, and the published results have been directly 
used in the development and revisions of national 
treatment guidelines.

Although many topics have been investigated in 
the NCCR, research challenges remain. The possibil-
ity of increasing the rate of R0 resections by more 
dedicated surgery should be investigated. Patients 
with metastatic disease and patients not amenable for 
curative treatment represent a significant subgroup, 
often with severe symptoms, and should be further 
analysed [33]. The treatment of rectal cancer with 
synchronous resectable metastases has changed dra-
matically following the introduction of effective com-
bination chemotherapy and extended indications for 
surgery of resectable metastases in the liver, lung or 
peritoneum [4]. A proportion of these patients receive 
multimodality treatment with curative intent, blur-
ring the distinction between curative and palliative 
treatment, and the outcomes of this treatment should 
be evaluated. Functional results have not been part 
of the national registries. It is timely and a national 
requirement to consider inclusion of patient-reported 
outcomes.

The present study confirms the considerable 
improvement of outcomes for patients treated for 
rectal cancer over the past two decades in Norway. 
While local control of rectal cancer has improved, the 
challenge remains to reduce the metastasis rate and 
thereby further increase survival. Another challenge 
is tailoring treatment strategies, with the aim of 
increasing cure rates without impairing functional 
outcomes. Population-based registries are useful 
tools for documenting outcomes in all patients with 
rectal cancer.
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