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Survival; to present additional survival measures.
Comparison; Methods: Data on colon and rectal cancer cases diagnosed in the Nordic countries between
Nordic cancer 1990 and 2016 were obtained from the NORDCAN database. Relative survival was estimated
registries; using flexible parametric models. Both age-standardized and age-specific measures for women
NORDCAN: and men were estimated from the models, as well as reference-adjusted crude probabilities of
Colonic neoplasms; death and life-years lost.
Rectal neoplasms Results: The five-year age-standardized relative survival of colon and rectal cancer patients

continued to improve for women and men in all Nordic countries, from around 50% in
1990 to about 70% at the end of the study period. In general, survival was similar across
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age and sex. The largest improvement was seen for Danish men and women with rectal cancer,
from 41% to 69% and from 43% to 71%, respectively. The age-standardized and reference-
adjusted five-year crude probability of death in colon cancer ranged from 30% to 36% across
countries, and for rectal cancer from 20% to 33%. The average number of age-standardized
and reference-adjusted life-years lost ranged between six and nine years.

Conclusion: There were substantial improvements in colon and rectal cancer survival in all
Nordic countries 1990—2016. Of special note is that the previously observed survival disadvan-
tage in Denmark is no longer present.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Colon and rectal cancer accounts for a tenth of newly
diagnosed cancers globally [1] and in the Nordic coun-
tries (Denmark, Finland, Iceland, Norway, and Sweden)
[2]. With approximately 12% of all cancer deaths due to
colon and rectal cancer in the Nordic countries, it is
second only to lung cancer as the main cause of cancer
death [2]. Although survival for patients with colon and
rectal cancer improved in all Nordic countries during
the period 1968—2003, the survival has historically been
lower in Denmark [3]. We have reported improvements
in survival for a range of cancer sites during recent de-
cades, including colon and rectum, with the largest im-
provements observed in Denmark [4].

The Nordic countries have a long-standing history of
high-quality population-based standardized cancer
registration and they cooperate closely, aiming at im-
provements and research through the Association of the
Nordic Cancer Registries [5].

By the use of population-based registers and a range
of measures of cancer survival, the aim of this study was
to, in detail, assess survival trends in colon and rectal
cancer by age and sex in the Nordic countries.

2. Methods
2.1. Data

Individual-level data on colon and rectal cancer in
Denmark, Finland, Iceland, Norway, and Sweden were
obtained from the NORDCAN database, which in-
cludes information from the national cancer registries in
each country [6]. All individuals diagnosed with cancers
of the colon (including appendix; International Classi-
fication of Diseases version 10 [ICD10]: C18) and
rectum (C19—C20) between 1990 and 2016 were
included. Follow-up for death and emigration was to the
end of 2017 for all countries, with the exception of
Finland, where follow-up ended in 2016. Emigration
information was unavailable for Iceland. Cases diag-
nosed on the basis of a death certificate only (DCO) or
through incidental autopsy findings were excluded, as

well as childhood cancers (patients aged <18 years at
diagnosis) and subsequent primary tumors at the same
site in the same patient (Appendix A.l). Population-
based mortality rates were obtained from each coun-
try’s national statistics office.

Information on stage according to the tumor-node-
metastasis (TNM) classification (tumor size, lymph node
involvement, and distant metastases) was available from
Denmark, Iceland, Norway, and Sweden for years
2004—2016. TNM was registered according to the UICC
Manual of Clinical Oncology editions 5, 6, and 7, and
the countries adopted the new editions at different time
points. In Denmark, the highest values of T, N, and M
from clinical and pathological reports were used. Swe-
den, Norway, and Iceland also reported a combination
of clinical and pathological TNM. Owing to differences
in coding and proportions of missing data between the
countries (Appendix A.2, Appendix A.3), stage distri-
butions were not included in survival analyses.

2.2. Statistical analysis

The survival of patients with colon and rectal cancer was
assessed using several measures based on predictions from
flexible parametric relative survival models [7,8]. To
investigate temporal trends in survival, separate models
were fitted to the data from each country and for each
cancer site, with models including age, calendar year, and
sex. Age and calendar year at diagnosis were included by
using restricted cubic splines with three degrees of freedom
(DF). Two-way interactions between age and calendar
year, age and sex, and calendar year and sex were included.
The proportional excess hazards assumption was relaxed
by incorporating time-dependent effects for calendar year,
age, sex, and their interaction terms (three-way in-
teractions), with 3 DF for each time-dependent effect, and
5 DF were used to model the log cumulative baseline
excess hazard. To improve model stability, 96% of the age
distribution was modeled continuously while individuals
outside the 2nd and 98th percentile of age had their age
reassigned to those percentile limits and were assumed to
have the same relative survival (i.e., winsorizing) [9].
Owing to the small population size, simpler models were
used for Iceland excluding the three-way interactions and
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Fig. 1. Age-standardized one- and five-year relative survival in colon and rectal cancer, women and men combined, a comparison of time
trends in the Nordic countries.
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Fig. 2. Age-standardized and age-specific five-year relative survival in colon cancer, a comparison of time trends in the Nordic countries;
women (top panel) and men (bottom panel). Estimates with 95% confidence intervals in Appendix A.6 and Appendix A.7.
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using 2 DF for time-dependent effects. Within the models, =~ were estimated from the period models. Crude proba-
country-specific population mortality rates stratified by  bilities of cancer death are probabilities where death due
age, sex, and calendar year were used to obtain expected  to other causes are taken into account in comparison with
mortality rates. the complement of relative survival (one minus relative

Based on these models, one- and five-year relative survival) which can be interpreted as the probability of
survival was estimated by sex for each calendar year and dying due to cancer in the hypothetical scenario that there
selected ages at diagnosis (55, 65, 75, 85). Age- were no other possible causes of death [13]. The number
standardized estimates of relative survival were also  of life-years lost provides an estimate of the reduction in
obtained, using regression standardization stratified by  life expectancy in cancer patients compared to the life
calendar year and sex [7]. We used an adapted version of  expectancy in the general population. To make the esti-
the International Cancer Survival Standard 1 (ICSSI1) mates of crude probabilities and life-years lost directly
age-standard weights (Appendix A.4). comparable across countries, the estimates were age-

To obtain estimates for patients diagnosed in the last  standardized, and the average background mortality in
years of data for which five years of follow-up is not  the Nordic countries was used for predictions rather than
available, a period approach was used [10]. The period  country-specific mortality rates (“reference adjusted”)
window was 2013—2017 for Denmark, Norway, and  [14]. Age-specific estimates of life-years lost were also
Sweden; 2012—2017 for Iceland; and 2013—2016 for  estimated using the average background mortality in the
Finland. Flexible parametric models that were essentially =~ Nordic countries.

the same as above, without the need to incorporate cal- Incidence and mortality rates were estimated by sex
endar year, were fitted separately for each country and  in five age groups using five-year diagnosis windows.
cancer site. Age-standardized rates were also estimated with three-

The crude probability of all-cause death and death due year diagnosis windows and using the Nordic popula-
to cancer five years after diagnosis [11], and the average  tion distribution in the year 2000 for standardization
number of life-years lost per individual diagnosed [12] (Appendix A.4).
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Fig. 3. Age-standardized and age-specific five-year relative survival in rectal cancer, a comparison of time trends in the Nordic countries;
women (top panel) and men (bottom panel). Estimates with 95% confidence intervals in Appendix A.6 and Appendix A.7.
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All analyses were performed in Stata [15]. The com-
mands stpm2 and standsurv were used for estima-
tion [7].

Ethical approval for this study was granted by the
Swedish Ethical Review Authority (approval 2017/
641—31/1, amendment 2019—01913) and study permis-
sion from the National Institute of Health and Welfare
in Finland (approval THL/870/5.05.00/2014, amend-
ment 2019).

3. Results

Temporal trends in one- and five-year age-
standardized relative survival in women and men,
with colon and rectal cancer combined, showed an
improvement over time in all five Nordic countries
(Fig. 1). The survival improved most markedly in
Denmark, and at the end of the study period, survival
was similar across the countries with estimates of five-
year survival close to 70%. This trend of improvement
was observed for patients with both colon and rectal
cancer (Fig. 2, Fig. 3, Appendix A.5, Appendix A.6).
The five-year relative survival for patients with colon
cancer improved over time both in women and men in
all ages shown, with the possible exception of Icelandic
patients aged 85 (Fig. 2, Appendix A.7). The largest
improvement was observed in Denmark, where

Table 1

survival was significantly lower during the first two
decades of the study period, but from 2010 and on-
wards, the survival was more similar to the other
Nordic countries except for the oldest age group with
colon cancer, where the survival in Denmark and Ice-
land was somewhat lower than in the other Nordic
countries. Survival for patients with rectal cancer also
improved over time in all ages shown in both women
and men also showing the largest improvement for the
Danish patients (Fig. 3, Appendix A.7).

The reference-adjusted and age-standardized crude
probability of cancer death and average number of life-
years lost for colon and rectal cancer patients are pre-
sented in Table 1. The five-year crude probability of death
in colon cancer ranged from 29.9% in Norway to 36.4% in
Iceland for women, and from 32.0% in Denmark to
35.0% in Sweden for men. Crude probabilities of cancer
death, i.e., probabilities accounting for death due to other
causes, were approximately 1 percentage point lower than
net probabilities of cancer death (one minus relative
survival). The average number of life-years lost due to
colon cancer ranged from 6.6 years in Icelandic men to 8.4
years in Swedish women. For rectal cancer, the reference-
adjusted and age-standardized crude probability of can-
cer death at five years ranged from 20.4% in Iceland to
30.8% in Sweden for women, and from 29.1% in Norway
to 33.4% in Finland for men. In Iceland, the average
number of life-years lost due to rectal cancer was 5.9 years

Age-standardized and reference-adjusted* period estimates of five-year net and crude probability of cancer, other-cause, and all-cause death in
addition to an estimate of life-years lost due to colon and rectal cancer. Comparison between the Nordic countries in men and women separately
with 95% confidence intervals presented in parenthesis.

Colon cancer

Denmark

Finland

Iceland

Norway

Sweden

Women

Sy net prob. of cancer death, %

Sy crude prob. of cancer death, %

Sy crude prob. of other-cause death, %
Sy crude prob. of all-cause death, %
Life-years lost

Men

Sy net prob. of cancer death, %

Sy crude prob. of cancer death, %

31.8 (30.5-33.1)
30.9 (29.7-32.2)
74 (1.2-7.5)
38.3 (37.1—-39.4)
7.7 (1.2-8.2)

33.4 (32.0-34.7)
32.0 (30.8—33.3)

32.2 (30.4—33.9)
31.6 (29.9-33.3)
7.5 (7.3-7.7)
39.1 (37.5—40.7)
7.3 (6.7-7.8)

34.4 (32.4-36.3)
33.4 (31.6-35.3)

37.8 (31.9—43.1)
36.4 (31.4—42.3)
6.9 (6.3-7.6)
43.3 (38.2—48.5)
8.1 (6.0—-9.9)

34.1 (28.3—39.5)
32.5 (27.6-38.3)

30.5 (29.2—31.9)
29.9 (28.6-31.2)
7.8 (7.6=7.9)
37.6 (36.4—38.9)
7.2 (6.7-7.7)

35.0 (33.5-36.4)
33.7 (32.4-35.1)

34.5 (33.4—35.7)
33.6 (32.5-34.8)
7.9 (7.7-8.0)
41.5 (40.4—42.5)
8.4 (8.0-8.8)

36.6 (35.4—37.7)
35.0 (33.9-36.1)

Sy crude prob. of other-cause death, % 9.9 (9.7-10.1) 10.0 (9.7-10.3) 10.1 (9.0—11.2) 9.9 (9.6—10.1) 10.2 (10.1-10.4)
Sy crude prob. of all-cause death, % 41.9 (40.8—43.1) 43.4 (41.8—45.1) 42.6 (37.9-47.2) 43.6 (42.3—44.8) 45.2 (44.2—-46.2)
Life-years lost 7.1 (6.6-7.5) 6.8 (6.2-7.3) 6.6 (4.8—8.1) 7.0 (6.6—7.4) 7.4 (7.1-7.8)
Rectal cancer Denmark Finland Iceland Norway Sweden

Women

Sy net prob. of cancer death, %

Sy crude prob. of cancer death, %

Sy crude prob. of other-cause death, %
Sy crude prob. of all-cause death, %
Life-years lost

Men

Sy net prob. of cancer death, %

Sy crude prob. of cancer death, %

Sy crude prob. of other-cause death, %
Sy crude prob. of all-cause death, %
Life-years lost

28.6 (26.7—30.5)
27.4 (25.7-29.2)
7.5 (7.2—7.8)
34.9 (33.3-36.6)
7.5 (6.7-8.2)

31.0 (29.4—32.6)
29.2 (27.7-30.7)
10.1 (9.8—10.3)
39.2 (37.8—40.6)
7.1 (6.5-7.7)

30.5 (28.0—33.0)
29.5 (27.2—32.0)
7.5 (1.2-17.9)
37.0 (34.8—39.3)
7.5 (6.7-8.3)

35.1 (32.7—37.4)
33.4 (31.3—35.7)
9.8 (9.5-10.2)
43.3 (41.3-45.2)
7.2 (6.5-7.9)

21.5 (12.3-29.7)
204 (13.6—30.6)
7.5 (6.3—8.9)
27.9 (20.4—35.5)
5.9 (2.6-8.6)

33.1 (24.3—40.8)
30.9 (24.0—39.8)
9.2 (7.8—10.9)
40.1 (33.3-47.0)
8.8 (6.0-10.9)

29.3 (27.3-31.3)
28.1 (26.3-30.1)
7.6 (1.3—7.9)
35.7 (34.0—-37.5)
7.0 (6.2—7.8)

30.6 (28.8—32.4)
29.1 (27.5-30.9)
10.5 (10.2—10.9)
39.7 (38.2—41.1)
7.0 (6.4—7.6)

32.4 (30.7—34.0)
30.8 (29.3—32.4)
7.5 (1.3=7.7)
38.3 (36.8—39.8)
7.3 (6.7—7.8)

34.9 (33.5-36.4)
33.0 (31.6—34.3)
10.0 (9.7-10.2)
42.9 (41.7-44.1)
7.4 (6.9—-7.9)

Period window 2013—2017 (2012—2017 for Iceland, 2013—2016 for Finland). *Crude probabilities of death and life-years lost based on average
background mortality in the Nordic countries.
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in women and 8.8 years in men. In the other countries, the
corresponding estimates ranged from 7.0 to 7.5 years in
both women and men. Crude probabilities of death and
life-years lost that are not reference-adjusted or age-
standardized are presented in Appendix A.8.

Results from the period analysis show that the five-
year relative survival for colon cancer was fairly stable
across ages 45—75 in all countries with a slight decrease
between ages 80 and 85 (Fig. 4, Appendix A.7,
Appendix A.9). Although the five-year relative survival
was similar across age, the reference-adjusted number of
life-years lost decreased across age since younger pa-
tients have a longer remaining lifespan. For example, a
patient diagnosed at age 55 lost on average around 11
years, which decreased to around 2.5 years in age 85 in
both women and men. For rectal cancer patients, the
five-year relative survival was stable across ages below
70 in all countries after which they declined at similar
rates (Fig. 5, Appendix A.7, Appendix A.9). The
average number of reference-adjusted life-years lost was
very similar across countries and by sex, ranging from
around 10 years in patients aged 55 to around three
years in patients aged 85.

81

The incidence rates of colon cancer increased over
time in both women and men aged 70 and above, with
larger increases in Norway and Denmark (Appendix
A.10). The mortality rate was mostly stable over time,
with a slight decrease in Norwegian and Danish men
aged 60 and above. For rectal cancer, the incidence rate
was fairly stable over time in both women and men aged
40—79 years (Appendix A.11). The incidence of rectal
cancer was higher in Denmark and Norway over the
whole period under study in both women and men. The
rectal cancer mortality rate decreased over time in both
women and men, with the largest decrease found in
Danish and Norwegian men above 80 years at diagnosis.

4. Discussion

In this up-to-date analysis on colon and rectal cancer
in the Nordic countries, survival improved continuously
between 1990 and 2017. The age-standardized five-year
relative survival is now close to 70% in all Nordic coun-
tries. These improvements were seen in both sexes and
across ages. While colon and rectal cancer survival in the
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Nordic countries is among the highest in the world, and Finland are planning to start in 2022, while Iceland
similar trends of improvements have also been reported does not yet have a national screening program. An
in other regions of Europe [16] as well as in other high- increase in colon cancer incidence was observed in
income countries [17,18]. In general, the relative sur-  Denmark for all ages, possibly due to increased aware-
vival was similar across ages and in men and women. ness of symptoms or the gradual implementation of

While colon and rectal cancer survival improved in  screening [23]. However, it is unlikely that organized
all Nordic countries, the most marked change was  screening has had a detectable effect on overall colon
observed in Denmark. The result from several earlier and rectal cancer survival during the period under study.
studies has shown poorer survival in patients with colon In all Nordic countries, there have been gradual
and rectal cancer in Denmark [3,16], findings which at  changes in Consensus Guidelines for management of
least partly have been attributed to differences in the  colon and rectal cancer [24], improved quality registra-

proportion of patients receiving curative surgery [19]. tion of diagnosis and treatment [25], introduction of
Changes in Denmark that may explain recent improve- multidisciplinary team meetings [26], nationwide audits
ments include the launch of national cancer plans in [27,28], efforts to centralize treatment, and decrease
2000 with earmarked funding for cancer care, intro-  waiting times [29,30]. Changes in treatment guidelines
duction of accelerated cancer patient pathways in 2007, include a shift toward more selective use of preoperative
improved access to endoscopic investigations, centrali-  radiotherapy and radiochemotherapy for rectal cancer,
zation of cancer surgery, and improvements in post- a higher proportion of patients receiving treatment with
operative care [20,21]. curative intent, intensified treatment of metastatic dis-

Moreover, Denmark was the first Nordic country to ease, and increased use of laparoscopic surgery for colon
introduce a national screening program for colon and  and rectal cancer [20,31—34]. General improvements in
rectal cancer for ages 50—74 in 2014—2018, based on a  health care in the Nordic countries during the time
pilot project in 2005—2006 [22]. Sweden started imple-  period have likely also had a positive effect on the
menting a national screening program in 2020, Norway observed relative survival for patients with colon and
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rectal cancer. Other factors affecting survival may
include changes in lifestyle, comorbidity burden, and
public awareness of early signs and symptoms [35].

Although information on stage at diagnosis was
available, the stage was recorded differently across
countries, e.g., using clinical or pathological informa-
tion, varying numbers of cases with missing informa-
tion, and no data available from Finland in this study.
Future efforts are needed to harmonize the collection
and reporting of disease stage in the Nordic cancer
registries, as differences in stage distribution as well as
stage-specific survival are essential in understanding the
differences in outcomes across countries. This will be of
special importance for the evaluation and comparisons
of the effects of national screening programs [36].

A major strength of our study was the use of the
population-based NORDCAN database, which includes
individual-level data on virtually all cancer patients in
the Nordic countries. Record linkages to the Total
Population Registers in each country provided complete
follow-up information on death and migration, except in
Iceland where migration data are unavailable. In the
Nordic countries, all residents have access to similar tax-
funded healthcare systems at low out-of-pocket costs.
Death certificate-initiated cancers are included in the
cancer registers of all Nordic countries except Sweden
[37]. Including these cases has been shown to lead to a
slight underestimation of survival, while not including
them might instead overestimate survival [38]. This may
explain the higher survival in Swedish patients aged 85
years at diagnosis. The small numbers of cancer cases in
Iceland caused less reliable estimates, and possible dif-
ferences in survival between Iceland and the other
Nordic countries should, therefore, be interpreted with
caution. Other limitations included one year less follow-
up in Finland. Collectively, these limitations could bias
the comparisons of survival between countries.

5. Conclusions

There were substantial improvements in the survival of
patients with colon and rectal cancer in all Nordic
countries. Of special note is that the previously observed
survival disadvantage in Denmark is no longer present.

Credit author statement

Frida E Lundberg: conceptualization, methodology,
formal analysis, visualization, writing-original draft
preparation. Helgi Birgisson: writing-original draft
preparation. Tom Berge Johannesen: writing-original
draft preparation. Gerda Engholm: data curation,
writing-reviewing and editing. Anni Virtanen: writing-
reviewing and editing. David Pettersson: writing-
reviewing and editing. Elinborg J Olafsdéttir: writing-
reviewing and editing. Mats Lambe: writing-reviewing
and editing. Paul C Lambert: conceptualization,

methodology, funding acquisition, supervision, writing-
reviewing and editing. Lina Steinrud Merch: writing-
reviewing and editing. Anna LV Johansson: conceptu-
alization, methodology, writing-reviewing and editing.
Therese M-L Andersson: conceptualization, methodol-
ogy, writing-original draft preparation.

Conflict of interest statement

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work reported
in this paper.

Acknowledgements

This work was supported by the Swedish Cancer
Society (Cancerfonden) [grant numbers 18-0689, 2018/
744] and the Swedish Research Council (Vetenskapsra-
det) [grant number 2017—01591]. The funding sources
had no involvement in study design, data analysis, data
interpretation, writing or submission of the article.

Appendix A. Supplementary data

Supplementary data to this article can be found online
at https://doi.org/10.1016/j.¢jca.2022.05.032.

References

[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries.
Ca - Cancer J Clin 2018;68:394—424. https://doi.org/10.3322/
CAAC.21492.

Larenningen S, Ferlay J, Bray F, Engholm G, Ervik M,
Gulbrandsen J, et al. NORDCAN: cancer incidence, mortality,
prevalence and survival in the nordic countries. Version 9.1.
27.09.2021. Association of the Nordic Cancer Registries, Cancer
Registry of Norway 2021, https://nordcan.iarc.fr/. (accessed
February 3, 2022).

Klint A, Engholm G, Storm HH, Tryggvadottir L, Gislum M,
Hakulinen T, et al. Trends in survival of patients diagnosed with
cancer of the digestive organs in the Nordic countries 1964—2003
followed up to the end of 2006. Acta Oncol 2010;49:578—607.
https://doi.org/10.3109/02841861003739330.

Lundberg FE, Andersson TM-L, Lambe M, Engholm G,
Morch LS, Johannesen TB, et al. Trends in cancer survival in the
Nordic countries 1990-2016: the NORDCAN survival studies.
Acta Oncol 2020;59:1266—74. https://doi.org/10.1080/0284186X.2
020.1822544.

Association of the Nordic Cancer Registries. https://www.ancr.
nu; 2022. (accessed February 2, 2022).

Engholm G, Ferlay J, Christensen N, Bray F, Gjerstorff ML,
Klint A, et al. Nordcan - a Nordic tool for cancer information,
planning, quality control and research. Acta Oncol 2010;49:
725—36. https://doi.org/10.3109/028418610037820170rg/10.3109/
02841861003782017.

Lambert PC, Royston P. Further development of flexible para-
metric models for survival analysis. STATA J 2009;9:265—90.
https://doi.org/10.1177/1536867X0900900206.

2

3

[4

[5

6

[7


https://doi.org/10.1016/j.ejca.2022.05.032
https://doi.org/10.3322/CAAC.21492
https://doi.org/10.3322/CAAC.21492
https://nordcan.iarc.fr/
https://doi.org/10.3109/02841861003739330
https://doi.org/10.1080/0284186X.2020.1822544
https://doi.org/10.1080/0284186X.2020.1822544
https://www.ancr.nu
https://www.ancr.nu
https://doi.org/10.3109/02841861003782017org/10.3109/02841861003782017
https://doi.org/10.3109/02841861003782017org/10.3109/02841861003782017
https://doi.org/10.1177/1536867X0900900206

84

F.E. Lundberg et al. | European Journal of Cancer 172 (2022) 76—84

[8] Nelson CP, Lambert PC, Squire IB, Jones DR. Flexible para-

=

[10

[11

[12

[13

[14

[15

[16

[17

[18

[19

[20

21

22

[23

]

metric models for relative survival, with application in coronary
heart disease. Stat Med 2007;26:5486—98. https://doi.org/10.1002/
sim.3064.

Syriopoulou E, Mozumder SI, Rutherford MJ, Lambert PC.
Robustness of individual and marginal model-based estimates: a
sensitivity analysis of flexible parametric models. Cancer Epi-
demiol 2019;58:17—24. https://doi.org/10.1016/J.CANEP.2018.
10.017.

Brenner H, Gefeller O. An alternative approach to monitoring
cancer patient survival. Cancer 1996;78:2004—10. https:
/ldoi.org/10.1002/(sici)1097-0142(19961101)78:9<2004::aid-cncr23>
3.0.c0;2-%23.

Lambert PC, Dickman PW, Nelson CP, Royston P. Estimating
the crude probability of death due to cancer and other causes
using relative survival models. Stat Med 2010;29:885—95. https:
/Idoi.org/10.1002/sim.3762.

Andersson TM-L, Dickman PW, Eloranta S, Lambe M,
Lambert PC. Estimating the loss in expectation of life due to
cancer using flexible parametric survival models. Stat Med 2013;
32:5286—300. https://doi.org/10.1002/sim.5943.

Dickman PW, Adami H-O. Interpreting trends in cancer patient
survival. J Intern Med 2006;260:103—17. https://doi.org/10.
1111/J.1365-2796.2006.01677.X.

Lambert PC, Andersson TM-L, Rutherford MJ, Myklebust TA,
Moller B. Reference-adjusted and standardized all-cause and
crude probabilities as an alternative to net survival in population-
based cancer studies. Int J Epidemiol 2020;49:1614—23. https:
/ldoi.org/10.1093/ije/dyaall2.

Stata Statistical Software: Release 17. College Station, Texas:
Stata Corp LLC; 2021.

Holleczek B, Rossi S, Domenic A, Innos K, Minicozzi P,
Francisci S, et al. On-going improvement and persistent differ-
ences in the survival for patients with colon and rectum cancer
across Europe 1999-2007 - results from the EUROCARE-5 study.
Eur J Cancer 2015;51(15):2158—68. https://doi.org/10.1016/
j.€jca.2015.07.024.

Arnold M, Rutherford MJ, Bardot A, Ferlay J, Andersson TM-L,
Myklebust TA, et al. Progress in cancer survival, mortality, and
incidence in seven high-income countries 1995—-2014 (ICBP
SURVMARK-2): a population-based study. Lancet Oncol 2019;
20:1493—505. https://doi.org/10.1016/s1470-2045(19)30456-5.
Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz M,
Niksi¢ M, et al. Global surveillance of trends in cancer survival
2000—14 (CONCORD-3): analysis of individual records for 37
513 025 patients diagnosed with one of 18 cancers from 322
population-based registries in 71 countries. Lancet 2018;391:
1023—75. https://doi.org/10.1016/S0140-6736(17)33326-3.

Benitez Majano S, Di Girolamo C, Rachet B, Maringe C,
Guren MG, Glimelius B, et al. Surgical treatment and survival
from colorectal cancer in Denmark, England, Norway, and
Sweden: a population-based study. Lancet Oncol 2019;20:74—87.
https://doi.org/10.1016/S1470-2045(18)30646-6.

Probst HB, Hussain ZB, Andersen O. Cancer patient pathways in
Denmark as a joint effort between bureaucrats, health pro-
fessionals and politicians—a national Danish project. Health Pol
2012;105:65—70. https://doi.org/10.1016/j.healthpol.2011.11.001.
Iversen LH, Ingeholm P, Gégenur I, Laurberg S. Major reduction
in 30-day mortality after elective colorectal cancer surgery: a
nationwide population-based study in Denmark 2001—2011. Ann
Surg Oncol 2014;21:2267—73. https://doi.org/10.1245/S10434-014-
3596-7.

Lindebjerg J, Osler M, Bisgaard C. Colorectal cancers detected
through screening are associated with lower stages and improved
survival. Dan Med J 2014;61(1):A4758.

Cardoso R, Guo F, Heisser T, Hackl M, Ihle P, De Schutter H,
et al. Colorectal cancer incidence, mortality, and stage distribu-
tion in European countries in the colorectal cancer screening era:

[24]

(23]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

[33]

[36]

(371

(38]

an international population-based study. Lancet Oncol 2021;22:
1002—13. https://doi.org/10.1016/S1470-2045(21)00199-6.
Schmoll HJ, Van Cutsem E, Stein A, Valentini V, Glimelius B,
Haustermans K, et al. ESMO Consensus Guidelines for man-
agement of patients with colon and rectal cancer. A personalized
approach to clinical decision making. Ann Oncol 2012;23:
2479—516. https://doi.org/10.1093/annonc/mds236.

Moberger P, Skoldberg F, Birgisson H. Evaluation of the Swedish
Colorectal Cancer Registry: an overview of completeness, timeli-
ness, comparability and validity. Acta Oncol 2018;57:1611—-21.
https://doi.org/10.1080/0284186X.2018.1529425.

Basta YL, Bolle S, Fockens P, Tytgat KMAIJ. The value of
multidisciplinary team meetings for patients with gastrointestinal
malignancies: a systematic Review. Ann Surg Oncol 2017;24:
2669—78. https://doi.org/10.1245/S10434-017-5833-3.

Pahlman L, Bohe M, Cedermark B, Dahlberg M, Lindmark G,
Sjodahl R, et al. The Swedish rectal cancer registry. Br J Surg
2007;94:1285—92. https://doi.org/10.1002/bjs.5679.

Guren MG, Korner H, Pfeffer F, Myklebust TA, Eriksen MT,
Edna T-H, et al. Nationwide improvement of rectal cancer
treatment outcomes in Norway, 1993—2010. Acta Oncol 2015;54:
1714—=22. https://doi.org/10.3109/0284186X.2015.1034876.
Nilssen Y, Brustugun OT, Tandberg Eriksen M, Gulbrandsen J,
Skaaheim Haug E, Naume B, et al. Decreasing waiting time for
treatment before and during implementation of cancer patient
pathways in Norway. Cancer Epidemiol 2019;61:59—69. https:
/Idoi.org/10.1016/J.CANEP.2019.05.004.

Schmidt I, Thor J, Davidson T, Nilsson F, Carlsson C. The na-
tional program on standardized cancer care pathways in Sweden:
observations and findings half way through. Health Pol 2018;122:
945—8. https://doi.org/10.1016/J. HEALTHPOL.2018.07.012.
Stormark K, Sereide K, Sereide JA, Kvaley JT, Pfeffer F,
Eriksen MT, et al. Nationwide implementation of laparoscopic
surgery for colon cancer: short-term outcomes and long-term
survival in a population-based cohort. Surg Endosc 2016;30:
4853—64. https://doi.org/10.1007/S00464-016-4819-8.

Asli LM, Johannesen TB, Myklebust TA, Moller B, Eriksen MT,
Guren MG. Preoperative chemoradiotherapy for rectal cancer and
impact on outcomes - a population-based study. Radiother Oncol
2017;123:446—53. https://doi.org/10.1016/J.RADONC.2017.04.012.
Kodeda K, Johansson R, Zar N, Birgisson H, Dahlberg M,
Skullman S, et al. Time trends, improvements and national auditing
of rectal cancer management over an 18-year period. Colorectal Dis
2015;17:0168—79. https://doi.org/10.1111/CODI.13060.

Hyoty M, Lepistdé A, Nurmi H, Ristimdki A, Ristamiki R,
Savolainen R. Kolorektaalisyovian kansalliset hoitosuositukset [in
Finnish]. Helsinki University Hospital Finland National Cancer
Center (HUS FICAN South); 2019. https://www.terveysportti.fi/
apps/dtk/Itk/article/hsu00007. (accessed January 31, 2022).
Storm HH, Engholm G, Hakulinen T, Tryggvadottir L, Klint A,
Gislum M, et al. Survival of patients diagnosed with cancer in the
Nordic countries up to 1999-2003 followed to the end of 2006. A
critical overview of the results. Acta Oncol 2010;49:532—44. https:
/Idoi.org/10.3109/02841861003801148.

Araghi M, Arnold M, Rutherford MJ, Grenlie Guren M,
Cabasag CJ, Bardot A, et al. Colon and rectal cancer survival in
seven high-income countries 2010-2014: variation by age and
stage at diagnosis (the ICBP SURVMARK-2 project). Gut 2021;
70:114—26. https://doi.org/10.1136/gutjnl-2020-320625.

Pukkala E, Engholm G, Hegjsgaard Schmidt LK, Storm H,
Khan S, Lambe M, et al. Nordic Cancer Registries - an overview
of their procedures and data comparability. Acta Oncol 2018;57:
440—55. https://doi.org/10.1080/0284186X.2017.1407039.
Andersson TM-L, Myklebust TA, Rutherford MJ, Moller B,
Soerjomataram I, Arnold M, et al. The impact of excluding or
including Death Certificate Initiated (DCI) cases on estimated
cancer survival: a simulation study. Cancer Epidemiol 2021;71:
101881. https://doi.org/10.1016/j.canep.2020.101881.


https://doi.org/10.1002/sim.3064
https://doi.org/10.1002/sim.3064
https://doi.org/10.1016/J.CANEP.2018.10.017
https://doi.org/10.1016/J.CANEP.2018.10.017
https://doi.org/10.1002/(sici)1097-0142(19961101)78:9<2004::aid-cncr23>3.0.co;2-&percnt;23
https://doi.org/10.1002/(sici)1097-0142(19961101)78:9<2004::aid-cncr23>3.0.co;2-&percnt;23
https://doi.org/10.1002/(sici)1097-0142(19961101)78:9<2004::aid-cncr23>3.0.co;2-&percnt;23
https://doi.org/10.1002/(sici)1097-0142(19961101)78:9<2004::aid-cncr23>3.0.co;2-&percnt;23
https://doi.org/10.1002/sim.3762
https://doi.org/10.1002/sim.3762
https://doi.org/10.1002/sim.5943
https://doi.org/10.1111/J.1365-2796.2006.01677.X
https://doi.org/10.1111/J.1365-2796.2006.01677.X
https://doi.org/10.1093/ije/dyaa112
https://doi.org/10.1093/ije/dyaa112
http://refhub.elsevier.com/S0959-8049(22)00320-3/sref15
http://refhub.elsevier.com/S0959-8049(22)00320-3/sref15
https://doi.org/10.1016/j.ejca.2015.07.024
https://doi.org/10.1016/j.ejca.2015.07.024
https://doi.org/10.1016/s1470-2045(19)30456-5
https://doi.org/10.1016/S0140-6736(17)33326-3
https://doi.org/10.1016/S1470-2045(18)30646-6
https://doi.org/10.1016/j.healthpol.2011.11.001
https://doi.org/10.1245/S10434-014-3596-7
https://doi.org/10.1245/S10434-014-3596-7
http://refhub.elsevier.com/S0959-8049(22)00320-3/sref22
http://refhub.elsevier.com/S0959-8049(22)00320-3/sref22
http://refhub.elsevier.com/S0959-8049(22)00320-3/sref22
https://doi.org/10.1016/S1470-2045(21)00199-6
https://doi.org/10.1093/annonc/mds236
https://doi.org/10.1080/0284186X.2018.1529425
https://doi.org/10.1245/S10434-017-5833-3
https://doi.org/10.1002/bjs.5679
https://doi.org/10.3109/0284186X.2015.1034876
https://doi.org/10.1016/J.CANEP.2019.05.004
https://doi.org/10.1016/J.CANEP.2019.05.004
https://doi.org/10.1016/J.HEALTHPOL.2018.07.012
https://doi.org/10.1007/S00464-016-4819-8
https://doi.org/10.1016/J.RADONC.2017.04.012
https://doi.org/10.1111/CODI.13060
https://www.terveysportti.fi/apps/dtk/ltk/article/hsu00007
https://www.terveysportti.fi/apps/dtk/ltk/article/hsu00007
https://doi.org/10.3109/02841861003801148
https://doi.org/10.3109/02841861003801148
https://doi.org/10.1136/gutjnl-2020-320625
https://doi.org/10.1080/0284186X.2017.1407039
https://doi.org/10.1016/j.canep.2020.101881

