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ABSTRACT

Background: Lung cancer is the leading cause of cancer-related death in all Nordic countries which,
though similar in demographics and healthcare systems, have noticeable differences in lung cancer
survival. Historically, Denmark and Finland have had higher lung cancer incidences and lower survival
than Norway and Sweden. All four countries have national cancer registries. Data in these registries
are often compared, but their full potential as a source of learning across the Nordic countries is
impeded by differences between the registries. In this paper, we describe and compare the Nordic
registries on lung cancer-specific data and discuss how a more harmonized registration practice could
increase their usefulness as a source for mutual learning and quality improvements.

Methods: We describe and compare the characteristics of data on lung cancer cases from registries in
Denmark, Finland, Norway and Sweden. Moreover, we compare the results from the latest annual
reports and specify how data may be acquired from the registries for research.

Results: Denmark has a separate clinical lung cancer registry with more detailed data than the other
Nordic countries. Finland and Norway report lung cancer survival as relative survival, whereas
Denmark and Sweden report overall survival. The Danish Lung Cancer Registry and the Swedish
Cancer Registry do not receive data from the Cause of Death registries in contrast to the Finnish
Cancer Registry and the Cancer Registry of Norway.

Conclusion: The lung cancer registries in Denmark, Finland, Norway and Sweden have high level of
completeness. However, several important differences between the registries may bias comparative
analyses.
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Introduction the registration of causes and date of death is mandatory in
the national cause of death registries.

All Nordic countries have nationwide cancer registries.
The Danish Cancer Registry is the oldest, founded in 1942,
while the Cancer Registries of Norway, Finland and Sweden
were founded in 1952, 1952 and 1958, respectively [10].

In addition to the Danish Cancer Registry (DCR), the
Danish Lung Cancer Registry (DLCR) was established in 2000

and has since monitored and registered interventions and

Lung cancer is the second most common cancer in both
men and women in the Nordic countries [1,2] and is the
leading cause of cancer-related death in all Nordic countries
[3-5]. The organization of cancer care has been increasingly
harmonized between the countries [6], and Denmark,
Sweden and Norway have implemented fast-track lung can-
cer pathways to ensure an accelerated diagnostic process

and referral to treatment with minimal delay [7].

All four countries generally have high standards of living
and tax-funded, income-independent healthcare provided to
all citizens and are therefore able to generate population-
based national registries [8,9]. The unique personal identifica-
tion number provided to all residents at birth or immigration
enables linking of individual data across national registers,
including follow-up for death or emigration. In each country,

outcomes of Danish lung cancer patients [4,11]. Finland does
not have a specific lung cancer registry; Norway has a lung
cancer registry within their national cancer registry and
Sweden has a national lung cancer quality registry separate
from their national cancer registry. The national cancer regis-
tries are used mainly to monitor the incidence, mortality and
quality of cancer care at a national and regional level, but
they have also been used to compare incidence and
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outcomes, such as survival, in international comparative stud-
ies and reports [5,12,13].

In spite of the similarities between the Nordic countries,
noteworthy differences remain in reported lung cancer-specific
outcomes, where patients in Denmark and Finland historically
have had the highest overall incidence and mortality [2].
Several not mutually exclusive causes for these discrepancies
have been suggested; differences in the prevalence of tobacco
smoking [14] and in alcohol consumption [15], and a higher
burden of comorbidity. But differences in registration practices
[16] may also bias direct comparison of survival rates [4]. In
order to relevantly conduct more detailed comparative studies
regarding lung cancer care and survival, it is imperative that we
obtain more knowledge about the completeness, identification
of patients and the variables in the respective national registries
concerning lung cancer. More specific comparisons such as
stage-specific survival, smoking related variables and comorbid-
ities could make the registries a valuable source for mutual
learning and quality improvement across the Nordic countries.
Overall comparisons between the national cancer registries at a
general level have been reported [10,17], but no formal com-
parison of the data regarding lung cancer has yet been pub-
lished. The aims of the present paper are to describe the
cancer registries in Denmark, Finland, Norway and Sweden with
regards to lung cancer and discuss differences between the
registries and how they could become more harmonized.

Methods

For each registry, we obtained a description of the registry
itself, the latest status or annual report, and other potentially
relevant studies/publications based on data from the regis-
tries. We invited researchers from all four countries to partici-
pate in this study to ensure the most detailed information
about each of the registries.

Completeness of the registries was defined according to
Parkin and Bray as the extent to which a new cancer diag-
nose is captured by the registry [18].

Results

Selected data within each registry are shown in Table 1.

In the sections below, we present the registries of each
country and the respective results based on the most
recently published reports. The latest results from each regis-
try are presented in Table 2.

The Danish cancer registry and the Danish lung cancer
registry

Since 1942, the Danish Cancer Register (DCR) has collected
information on diagnosis, disease stage and vital status from all
new cancer patients in Denmark [19-21]. The purpose of the
DCR is to collect data on new cases of cancer, in order to moni-
tor incidence and prevalence of all cancers in Denmark, with
mandatory reporting since 1987 [20]. The DCR does not contain
data on clinical characteristics, diagnostic procedures, comorbid-
ity or treatment complications (Table 1).

The Danish Lung Cancer Registry (DLCR) was established
by the Danish Lung Cancer Group (DLCG) in 2000 [22]. The
primary purpose of DLCG and later of the DLCR was to
improve survival and the quality of lung cancer care in
Denmark [22]. As a consequence of the latter aim, DLCR has
from the start included detailed information about treatment
complications as well as information about waiting time dur-
ing the patient’s pathway from suspicion of lung cancer to
the final treatment. A secondary purpose has been to pro-
vide a platform for epidemiological lung cancer research
[11]. DLCR has monitored the interventions and outcomes of
all Danish patients diagnosed with lung cancer with a high
level of completeness [4,11]. Since 2003, lung cancer patients
have been identified in the Danish National Patient Registry
(DNPR) by diagnostic codes C34 and C33, according to the
International Classification of Diseases, 10" Revision (ICD-10)
[23]. The database collects supplementary information from
the Danish Pathology Register, which contains information
from all Danish departments of pathology with data coded
according to the international systematized nomenclature of
medicine clinical terms (SNOMED) classification, including
information on topography and morphology. Furthermore,
the entries in the DLCR are validated and supplied with add-
itional clinical information from practicing clinicians through
an online platform, while data on comorbidity and diagnostic
procedures are obtained from the DNPR. All departments
involved in the diagnostic process and/or treatment of lung
cancer in Denmark report data to the DLCR, which is manda-
tory by law [11]. Vital status is retrieved from the Danish Civil
Registration System once a month [24]. Unlike the DCR, the
DLCR does not receive information from the Cause of Death
Register. Thus, the DLCR contains data on patient characteris-
tics, diagnostic procedures, histology, tumor stage, lung func-
tion, performance status, comorbidity (as Charlsons
comorbidity index), treatment, possible treatment complica-
tions and vital status (Table 1) [25]. Survival is reported as
observed overall survival based on yearly cohorts (Table 2).
In the DLCR, variables concerning diagnostic work-up and
surgical treatment are specific and up to date. However, data
on oncological therapy are currently not regarded as
adequate [25] and it is currently not possible to extract
which type of oncological treatment was given and whether
it was with curative or palliative intent.

Of the incident lung cancer cases in 2020, 93.7% were mor-
phologically verified [25]. A study comparing data in the DLCR
to data in the DCR was published in 2020 [26]. The agreement
between the registries was 87%, with main discrepancies being
date of diagnosis while the agreement of the DLCR was 94.4%
of the population of eligible patients [26].

Researchers can apply for data from the DLCR by applying
The Danish Clinical Quality Program - National Clinical
Registries [27].

The Finnish cancer registry

Founded in 1952, the Finnish Cancer Registry (FCR) maintains
the national population-based cancer registry on behalf of
the Finnish Institute for Health and Welfare. Registration
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Table 1. Comparisons of the Nordic cancer registries.
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Denmark Finland Norway Sweden
DCR DLCR FCR CRN/NLCR SCR SNLCR
Founded 1942 2000 1952 1952 1958 2002
Year of the latest report 2020 2021 2020 2021 2018 2021
Incidence (per 100.000) Women 66.1 Women 33.7 Women 53.9 Women 36.7 No
Men 70.8 Men 60.3 Men 62.7 Men 41.7
(Age standardized) No (Age standardized) (Age standardized)
Histology No Yes Yes Yes Yes Yes
Molecular Pathology (EFGR, ALK, PD-L1) No Yes No Yes No Yes
Stage No Yes Yes Yes Yes Yes
Coding ICD-10 ICD-10 ICD-0-3 ICD-02 ICD-7 ICD-03
(Converted to ICD-10)

Comorbidity No Yes (CCl) No No No Yes
Smoking history No Yes No No No Yes
Alcohol consumption No Yes (only surgical patients) No No No No
Diagnostic procedures No Yes Yes Yes No Yes
Treatment No Yes Yes Yes Yes Yes
WHO PS No Yes No Yes No Yes
Registration mandatory Yes Yes Yes Yes Yes Yes
Completeness (%) Unknown 94.4 97.2 98.8 96.3 95
DCI/DCO available (%) 1 No 438 1.5 No No
Morphologically verified (%) 89 94.3 824 90.4 90 93

Data from the annual reports.

DCR: Danish Cancer Registry; DLCR: Danish Lung Cancer Registry; FCR: Finnish Cancer Registry; CRN: Cancer Registry Norway; NLCR: Norwegian Lung Cancer
Registry; SCR: Swedish Cancer Registry; SNLCR: Swedish National Lung Cancer Registry; PS: performance status; DCI: death certificate initiated; DCO: death certifi-

cate only.

Table 2. Results from the latest annual reports.

Denmark Finland Norway Sweden
DCR DLCR FCR NCR/NLCR SCR SNLCR
Results from latest reports 2020 2021 2020 2021 2018 2021
Stage | (%) Not available 254 Local: 6 26.4 Not available 22.6
Stage Il (%) Not available 8.3 Non-local: 47 75 Not available 7.0
Stage Il (%) Not available 18.1 18.7 Not available 18.7
Stage IV (%) Not available 46.2 447 Not available 50.8
Unknown (%) Not available 2.1 47 2.6 Not available 0.8
Treated with curative intent (%) Not available 349 Not available 38.8 Not available Not available
Surgically treated (%) Not available 286 Not available 21.2 Not available Not available
Post-surgery mortality rate Not available 0.2 Not available 0.6 Not available Not available
(30 days) (%)

1-year survival (%) Women 61, Men 53 55.1 Women 47, Men 38 Women 61.7, Men 56.1 No 53.0

(Relative survival) (Relative survival) (Relative survival)
5 -year survival (%) Women 30, Men 24 23 Women 21, Men 14 Women 32.5, Men 25.6 Women 24.0 21.0

(Relative survival) (Relative survival) (Relative survival) Men 16.8

began in 1953 and reporting by treating hospitals and path-
ology laboratories became mandatory in 1961 [28]. All inva-
sive cancer cases, including suspected cases should be
reported to the registry. Since 2007, the International
Classification of Diseases for Oncology (ICD-O-3) has been
used for coding cancer cases to the FCR database, these
data are converted to ICD-10 for reporting purposes.
Reported data concerning tumor and disease stage should
preferably be based on the TNM classification, but data is
still often missing. Thus, based on the best available informa-
tion received, lung cancer cases are classified as either local-
ized, non-localized, or unknown [28].

Vital status of cancer patients and data on emigration are
updated continuously from the population information sys-
tem. Data on cancer cases are linked annually to Statistics
Finland for information on cause of death. In order to iden-
tify potential missing cancers that have not been reported to
the FCR, Statistics Finland forwards all death certificates
where cancer is mentioned to the registry (death certificate

only (DCO) and death certificate-initiated cases). However,
due to limited resources and focusing on high coverage,
detailed clinical data is limited and the registry does not col-
lect information on factors like smoking history, alcohol con-
sumption, performance status or diagnostic procedures
(Table 1) [29].

The aim of the FCR is to provide information to decision-
makers and healthcare professional with the main focus
being on cancer incidence and mortality with high coverage.
Currently, there are plans to use the Care and Patient
Registry to obtain more information concerning treatment in
the future. Official cancer statistics are published twice annu-
ally and available online [28]. Cancer data are also widely
used for research purposes both with and without the
involvement of FCR researchers and can be requested from
Findata [30]. For the period 2009-2013, the overall complete-
ness of the FCR was estimated at 96% and 97.2% concerning
respiratory cancers [31]. Of the incident lung cancer cases,
82.4% were microscopically verified and 4.8% were DCO.
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The cancer registry of Norway and the Norwegian lung
cancer registry

The Cancer Registry of Norway (CRN) has since the implementa-
tion of a directive from the Ministry of Health and Social Affairs
in 1952, systematically collected data on cancer occurrence for
the entire Norwegian population [32]. Data are provided from
clinicians, hospitals, pathology departments and other national
health registries. All physicians in Norway are obliged by law to
register new cancer cases in the CRN including suspicion of
cancer. The pathology-specific variables provide information on
histological, cytological or autopsy data. The CRN receives infor-
mation from the Cause of Death Registry, the Norwegian
Patient Registry and is updated monthly by the Norwegian
Population Register for vital status (death or emigration) [32,33].
The CRN classifies lung cancer as either localized, regional or
metastatic based on the SEER classification system and ICD-O-3.
For reporting purposes, the codes are converted into ICD-10. In
2009, the overall completeness of the CRN was estimated to be
98.8%, and 93.8% were morphologically verified. The complete-
ness of lung cancer data in the CRN was 96.9% with 90.4%
morphologically verified [34].

In 2013, CRN introduced a new registry specifically for
lung cancer, the Norwegian Lung Cancer Registry (NLCR)
[35]. It includes all Norwegian patients with lung cancer-spe-
cific ICD-10 codes (C34 or C33). The aim of NLCR is to
improve quality of treatment provided to lung cancer
patients as well as to serve as a data source for scientific
studies. The CRN is responsible for collecting and storing the
data in the NLCR. The NLCR is based on data forwarded elec-
tronically by treating physicians, surgeons and oncologists as
well as pathology reports. The NLCR includes basic data
found in the CRN such as reports on primary site of the
tumor, time of diagnosis and death. In addition, it collects
data on histology, targetable mutations, stage (TNM 8™ edi-
tion), diagnostic procedures, performance status and treat-
ment [35]. Currently, the Norwegian registries lack
information on smoking status, as clinicians are prohibited to
report these data to the registries without patient consent
(Table 1). However, patient-related outcome reports, includ-
ing data in smoking, have recently been implemented.

The NLCR has a high level of reporting concerning diag-
nostic work-up and surgical treatment, 91.8% and 100%
respectively [35]. Data regarding radiotherapy is annually
transferred from all radiation centers to the CRN. In 2019, a
project regarding automatic extraction of specific data on
medical oncological treatment from hospitals and pharma-
cies was introduced. At present about 85% of patients are
covered by this project and select results are incorporated
into the NLCR annual report.

Researchers can request data from the CRN by contacting
the registry [32].

The Swedish cancer registry and the Swedish national
lung cancer registry

The Swedish Cancer Register (SCR) was founded in 1958. It
covers the entire population and is managed by the National

Board of Health and Welfare [36]. It is mandatory for every
healthcare provider to report newly detected cancer cases to
the registry. Since 2005, cases have been coded by ICD-O-3
and ICD-7. For all incident cancers, the SCR contains data on
patient characteristics, diagnostic procedures, histology and
TNM stage (since 2004) including information from autopsy
reports. The SCR does not contain data on performance sta-
tus, comorbidities, smoking status, treatment or treatment
complications (Table 1). The six Regional Cancer Centers
located across Sweden'’s healthcare regions are responsible
for registration, coding, verification, and the completeness of
the registry. The regional centers report to SCR annually. The
SCR does not receive data from the Cause of Death Register
[36]. A study from 2008 on correlation between hospital dis-
charge records and SCR found an overall underreporting of
cancers of 3.7% [37].

The Swedish National Lung Cancer Register (SNLCR) was
established in 2002 and includes more than 95% of all
patients registered with a lung cancer diagnosis (C34) in the
SCR by ICD-7/ICD-0-3. The aim of the SNLCR was to stand-
ardize, harmonize and improve the quality of management
of the lung cancer patients, as well as for research purposes
[37]. The SNLCR is a prospective, population-based register
with detailed information on sex, age, smoking history, per-
formance status, diagnostic work-up, histology, stage and
planned primary treatment (Table 1). Vital status is updated
by the National Population Register. The SNLCR does not
include cancers discovered at autopsy, that is, there is no
inclusion of DCO cases. In 2020, 93% of incident lung cancer
patients were morphologically verified and the registry has
included information on EGFR mutation status since
2010 [38].

Lung Cancer Database Sweden is a research database
generated by record linkage between the SNLCR, the SCR,
the Cause of Death Register, the National Patients Register,
the Prescribed Drug Register and the National Population
Register in Sweden [39-41].

Researchers can obtain access to data in the SNLCR or
Lung Cancer Database Sweden following a formal request
directed to the Regional Cancer Center - Central [42].

Registration of cancers is centrally handled in all countries
other than Sweden, where six regional cancer centers pro-
vide data to the central cancer registry. For all registries,
except the SCR and the DLCR, additional incident cases are
found through linkage with the national causes of death
registers.

NORDCAN

The NORDCAN database was founded in 2002 and includes
information on cancer incidence, mortality and prevalence in
the Nordic countries (Denmark, Finland, Iceland, Norway,
Sweden and Faroe Islands) dating back to the 1970’s and is
regularly updated. In addition to serve as a research plat-
form, the aim of NORDCAN is to provide comparable and
timely data for policy makers, cancer societies, and the pub-
lic [2]. The NORDCAN database receives information from the
national cancer registries. The database offers a public online



platform found on www.nordcan.iarc.fr [2]. However, data in
NORDCAN is aggregated and cannot be combined with
other databases. The latest 5-year relative survival of male
lung cancer patients from NORDCAN (2016-2020) were 24%,
16%, 27% and 24% in Denmark, Finland, Norway and
Sweden respectively and 31%, 26%, 33% and 31% for female
patients [2].

Discussion

As data sources in the Nordic cancer registries are quite simi-
lar, data on incident lung cancers should overall be compar-
able. However, several potential confounding factors must be
considered when comparing survival rates between the
Nordic countries. Selective data collection and varying popu-
lation coverage may contribute to the reported differences
in survival between the countries [4,43], in addition to differ-
ences in reported survival (relative versus overall), comorbid-
ities and smoking prevalence.

In the DCR, the FCR and the NCR additional incident can-
cers are detected through linkage with the national cause of
death registers. Pukkala et al. estimated a 4% higher propor-
tion of non-registered cancers in the SCR cases than in the
other Nordic countries in 2018 [10]. The DLCR does not link
data from the National Cause of Death Register. Christensen
J et al. found less than 1% were from death certificate only
(DCO) in the DCR in 2013-2014 [26], while Leinonen et al.
found that 4.8% of the lung cancer cases were based on
DCO in the FCR [28]. In a previous study from 2007, based
on data from the FCR on 12 different cancer types including
lung cancer, adjusting for cases by death certificates only,
slightly reduced survival estimates [16]. Patients diagnosed
with lung cancer based on DCO are more likely to be at a
higher disease stage, compared to patients going through
regular diagnostic work-up. By not linking the SCR and DLCR
data to the Cause of Death Register, information bias caused
by underreporting of patients with higher disease stage may
be introduced. A proportion of the reported increased sur-
vival rate of Swedish lung cancer patients could be due to
differences in registration practices, by the exclusion of
patients only formally diagnosed after death. However, other
studies have only found a minimal difference in survival-rates
when including patients from hospital charts that had not
been registered in the cancer register in the UK [44] and in
simulation studies [45]. To which extent differences in regis-
tration practice affect differences in survival-rates, s
unknown and cannot be further assessed in the present
setting.

The DLCR differs from the other national registries as
does its purpose. It has a greater level of detailed clinical
information including treatment complications registered by
the treating clinicians (Table 1). Based on data from available
registries, the DLCR and FCR reports the lowest 5-year sur-
vival (Table 2). DLCR reports actually observed overall sur-
vival based on yearly cohorts of patients and not relative
survival or survival based on the period method for patient
cohorts that have not yet reached the intended observation
period, for example, 5years as in the DCR [21], the FCR [28]
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and the NCR [33] which is why the reported survival rates for
the more recent years cannot be directly compared when
survival rates are steadily improving. Relative survival is
defined as the ratio of the observed survival in the group of
patients to the survival expected in a group of people in the
general population, who are similar to the patients with
respect to sex, age and calendar time at the time of diagno-
sis [46]. It can be interpreted as the probability of patient
survival in the absence of other causes of death or as an esti-
mation of cancer related death. Thus, when comparing sur-
vival rates between these countries, the Finnish and
Norwegian will tend to be higher due to this adjustment.
Comparative relative survival rates for all Nordic countries
are reported in NORDCAN [2]; however, it has no information
regarding stage distribution and stage specific survival,
which limits the mutual learning potential.

The DLCR was initiated in order to monitor and assess
quality of diagnostics, treatment and outcomes between
regions in Denmark, and by these means to identify the opti-
mal clinical practice and thus ultimately to improve survival
from lung cancer through mutual learning from the results
obtained in other parts of the country. Moreover, the DLCR
has also been used as data source in several research proj-
ects, which have resulted in publication of several peer
reviewed papers [47]. A validation study on the DLCR com-
pared to hospital charts has never been conducted however,
Christensen J et al. assessed the data in the DLCR compared
to the DCR and found an agreement of 87%, increasing to
95% if the time period were increased [26].

Norway does not have a separate lung cancer registry,
but rather a lung cancer specific registry under their national
cancer registry, which automatically will ensure agreement
between the lung cancer registry data and the national can-
cer registry data. In Finland, there are currently no specific
plans for a lung cancer-based quality registry but instead,
the national population-based Cancer Registry can be used
as a basic data source for including complementary data
from other well-defined sources, such as The Care and
Patient Registry and prescriptions database.

The Nordic cancer registries, with the exception of
Norway, have limited information on specific medical onco-
logical lung cancer treatment, and the registries are at pre-
sent not suitable as a platform for research in this field. In
Norway they have introduced automatic registration of med-
ical oncology treatment given at hospitals and in the out-
patient setting, to improve the registry. The DLCR is working
on improving the data quality regarding medical oncological
treatment using a similar methodology.

Having compared the available Nordic registries on lung
cancer cases, the following variables should be included in
each lung cancer specific registry in order to be able to use
these for detailed studies regarding differences between the
Nordic Countries on treatment and results. (1) Information
on the patient including age, sex, comorbidity, and perform-
ance status. In addition, information on smoking and alcohol
consumption, both factors known to influence survival [48],
would be valuable. (2) Information on the lung cancer,
including morphology, molecular pathology, and stage
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according to TNM8. (3) Information on treatment including
surgery and specification of the oncological treatment
(chemotherapy, radiation, targeted treatment, immunother-
apy) and whether treatment was given with curative or pal-
liative intent. (4) Information on outcomes including date
and cause of death. At present, none of the Nordic registries
include all the above-mentioned variables on lung cancer
cases.

For specific lung cancer registries, we recommend the use
of relative survival in the future to minimize the influence of
differences between countries in general mortality and thus
to aid comparisons. The harmonization could be accom-
plished by DLCR adapting the methods used by NCR and
DCR. The proposed harmonization and mutual improvements
of the content of the registries would provide a better foun-
dation for more accurate and detailed comparative studies
between the Nordic Countries, which again would improve
the possibility for learning between the countries.

Strengths and limitations

The strength of this study is the comparison of the Nordic
lung cancer registries with contributing authors from the
four most populous Nordic countries. There are, however,
limitations to the present comparison. It is not a comprehen-
sive systematic comparison of all components in the respect-
ive lung cancer/cancer registries, but we have focused on
the most significant aspects and differences. Furthermore,
differences in the countries registration practice make direct
comparison difficult. It has been one of the purposes of this
paper to identify these differences. We have, however, not
been able to assess the impact on reported outcomes of the
selection and information bias introduced by the differences
in registration practices.

Conclusion

Denmark, Finland, Norway and Sweden all have national
registries including data on lung cancers. Even though the
information in the Nordic Cancer Registries have many
resemblances, there are still numerous differences in registra-
tion routines, classification systems and level of details in the
registries. Consequently, direct comparisons of survival will
be limited by these discrepancies. Denmark has a separate
lung cancer registry which collects data independently of the
DCR with more detailed information on diagnostic proce-
dures and treatment with input from both the NPR and clini-
cians. Although the Nordic lung cancer registries are largely
comparable, investigators and policymakers should be aware
of possible differences in data quality and sources of error. If
the contents of the registries were harmonized and elabo-
rated to include important confounders, the registries could
be an even more valuable source for mutual learning across
the Nordic countries and thus likely lead to further quality
improvements.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was funded by AstraZeneca.

ORCID
A. Gouliaev http://orcid.org/0000-0002-6161-5936
S. O. Dalton http://orcid.org/0000-0002-5485-2730

Data availability statement

Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.

References

[11  Sung H, Ferlay J, Siegel RL, et al. Global Cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-249.

[2]  NORDCAN. Association of the Nordic Cancer Registries; [cited
2022 October 31]. Available from: https://nordcan.airc.fr/.

[3]  Engholm G, Ferlay J, Christensen N, et al. NORDCAN - a nordic
tool for cancer information, planning, quality control and
research. Acta Oncol. 2010;49(5):725-736.

[4] Jakobsen E, Rasmussen TR, green A. Mortality and survival of
lung cancer in Denmark: results from the danish lung cancer
group 2000-2012. Acta Oncologica. 2016;55(sup2):2-9.

[5]  Hakulinen T, Engholm G, Gislum M, et al. Trends in the survival
of patients diagnosed with cancers in the respiratory system in
the nordic countries 1964-2003 followed up to the end of 2006.
Acta Oncol. 2010;49(5):608-623.

[6] Christensen NL, Jekunen A, Heinonen S, et al. Lung cancer guide-
lines in Sweden, Denmark, Norway and Finland: a comparison.
Acta Oncol. 2017;56(7):943-948.

[71  Neal RD, Din NU, Hamilton W, et al. Comparison of cancer diag-
nostic intervals before and after implementation of NICE guide-
lines: analysis of data from the UK general practice research
database. Br J Cancer. 2014;110(3):584-592.

[8] Olsen J, Brannum-Hansen H, Gissler M, et al. High-throughput
epidemiology: combining existing data from the nordic countries
in health-related collaborative research. Scand J Public Health.
2010;38(7):777-779.

[9]  Laugesen K, Ludvigsson JF, Schmidt M, et al. Nordic health regis-

try-based research: a review of health care systems and key regis-

tries. Clin Epidemiol. 2021;13:533-554.

Pukkala E, Engholm G, Hgjsgaard Schmidt LK, et al. Nordic

Cancer registries—an overview of their procedures and data com-

parability. Acta Oncol. 2018;57(4):440-455.

Jakobsen E, rasmussen T. The Danish lung cancer registry. Clin

Epidemiol. 2016;8:537-541.

Walters S, Maringe C, Coleman MP, et al. Lung cancer survival

and stage at diagnosis in Australia, Canada, Denmark, Norway,

Sweden and the UK: a population-based study, 2004-2007.

Thorax. 2013;68(6):551-564.

Coleman MP, Forman D, Bryant H, et al. Cancer survival in

Australia, Canada, Denmark, Norway, Sweden, and the UK, 1995-

2007 (the international cancer benchmarking partnership): an

analysis of population-based cancer registry data. Lancet. 2011;

377(9760):127-138.

Reitsma MB, Kendrick PJ, Ababneh E, et al. Spatial, temporal, and

demographic patterns in prevalence of smoking tobacco use and

attributable disease burden in 204 countries and territories,

[10]

(11

[12]

[13]

[14]


https://nordcan.airc.fr/

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

31]

[32]

[33]

1990-2019: a systematic analysis from the global burden of dis-
ease study 2019. Lancet. 2021;397(10292):2337-2360.

Degenhardt L, Charlson F, Ferrari A, et al. The global burden of
disease attributable to alcohol and drug use in 195 countries and
territories, 1990-2016: a systematic analysis for the global burden
of disease study 2016. Lancet Psychiat. 2018;5(12):987-1012.
Robinson D, Sankila R, Hakulinen T, et al. Interpreting inter-
national comparisons of cancer survival: the effects of incomplete
registration and the presence of death certificate only cases on
survival estimates. Eur J Cancer. 2007;43(5):909-913.

Nilbert M, Thomsen L, Ursin G, et al. The power of empirical data;
lessons from the clinical registry initiatives in Scandinavian cancer
care. Acta Oncol. 2020;59(11):1343-1356.

Parkin DM, bray F. Evaluation of data quality in the cancer regis-
try: principles and methods part Il. Completeness. Eur J Cancer.
2009;45(5):756-764.

Gjerstorff ML. The Danish cancer registry. Scand J Public Health.
2011;39(7 Suppl):42-45.

Storm HH, Michelsen EV, Clemmensen IH, et al. The Danish can-
cer registry — history, content, quality and use. Danish medical
Bulletin. 1997;44(5):535-539.

The Danish Cancer registry; [cited 2021 Dec 10]. Available from:
https://www.esundhed.dk/Registre/Cancerregisteret.

Jakobsen E, Green A, Oesterlind K, et al. Nationwide quality
improvement in lung cancer care: the role of the Danish lung
cancer group and registry. J Thorac Oncol. 2013;8(10):1238-1247.
Lynge E, Sandegaard JL, rebolj M. The Danish national patient
register. Scand J Public Health. 2011;39(7 Suppl):30-33.

The Danish Lung Cancer Registry annual report 2021; Jcited 2022
Oct 13]. Available from: https://www.lungecancer.dk/wp-content/
uploads/2022/09/%C3%85rsrapport-2021offentlig.pdf.

Pedersen CB. The Danish civil registration system. Scand J Public
Health. 2011;39(7 Suppl):22-25.

Christensen J, Mette A, Kejs T, et al. Agreement between the
Danish cancer registry and the Danish lung cancer registry.
Danish Med J. 2020;67(8):A04190257.

The Danish Clinical Quality Program- National Clinical Registries;
[cited 2022 Oct14]. Available from: https://www.rkkp.dk/in-
english/.

The Finnish Cancer Registry; [cited 2021 Dec 02]. Available from:
https://cancerregistry.fi/.

The Finnish Cancer Registry annual report 2019; [cited 2021 Dec
02]. Available from: https://syoparekisteri.fi/assets/files/2021/07/
Cancer_in_Finland_2019.pdf.

Leinonen MK, Miettinen J, Heikkinen S, et al. Quality measures of
the population-based Finnish cancer registry indicate sound data
quality for solid malignant tumours. Eur J Cancer. 2017;77:31-39.
Finnish Social and Health Data Permit Authority Findata.
Available from: https://findata.fi/en/what-is-findata/.

The Cancer Registry of Norway; [cited 2021 Nov 25]. Available
from: www kreftregistret.no.

The Cancer Registry of Norway annual report 2021; [cited 2021
Nov 16]. Available from: https://www.kreftregisteret.no/Generelt/

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

ACTA ONCOLOGICA 7

Rapporter/Arsrapport-fra-kvalitetsregistrene/Arsrapport-for-lungek-
reft/arsrapport-for-lungekreft-2021/.

Larsen IK, Smastuen M, Johannesen TB, et al. Data quality at the
cancer registry of Norway: an overview of comparability, com-
pleteness, validity and timeliness. Eur J Cancer. 2009;45(7):1218-
1231.

The Norwegian national quality registry of lung cancer (Nasjonalt
kvalitetsregister for lungekreft) annual report 2021; [cited 2022
Oct 31]. Available from: https://www.kreftregisteret.no/Generelt/
Rapporter/Arsrapport-fra-kvalitetsregistrene/Arsrapport-for-lungek-
reft/arsrapport-for-lungekreft-2021/.

The Swedish Cancer Registry; [cited 2021 Nov 20]. Available from:
https://www.socialstyrelsen.se/statistik-och-data/register/alla-regis-
ter/cancerregistret/.

Barlow L, Westergren K, Holmberg L, et al. The completeness of
the Swedish cancer register — a sample survey for year 1998.
Acta Oncol. 2009;48(1):27-33.

The Swedish National Lung Cancer Register; [cited 2022 Nov 3].
Available from: https://cancercentrum.se/globalassets/cancerdiag-
noser/lunga-och-lungsack/kvalitetsregister/rapport/20220923_
nlcr_nationell_rapport2021.pdf.

Lofling L, Karimi A, Sandin F, et al. Clinical characteristics and sur-
vival in non-small cell lung cancer patients by smoking history: a
population-based cohort study. Acta Oncol. 2019;58(11):1618-
1627.

Willén L, Berglund A, Bergstrom S, et al. Educational level
and management and outcomes in non-small cell lung cancer.
A nationwide population-based study. Lung Cancer. 2019;131:
40-46.

Lofling L, Bahmanyar S, Kieler H, et al. Temporal trends in lung
cancer survival: a population-based study. Acta Oncologica. 2022;
61(5):625-631.

Socialstyrrelsen Sweden; [cited 2022 Nov 01]. Available from:
https:bestilladtata.socialstyrelsen.se/data-for-forskning/.

Butler CA, Darragh KM, Currie GP, et al. Variation in lung cancer
survival rates between countries: do differences in data reporting
contribute? Respir Med. 2006;100(9):1642-1646.

Meller H, Richards S, Hanchett N, et al. Completeness of case
ascertainment and survival time error in english cancer registries:
impact on 1-year survival estimates. Br J Cancer. 2011;105(1):170-
176.

Andersson TML, Rutherford MJ, Myklebust TA, et al. Exploring the
impact of cancer registry completeness on international cancer
survival differences: a simulation study. Br J Cancer. 2021;124(5):
1026-1032.

Ederer F, Axtell LM, cutler SJ. The relative survival rate: a statis-
tical methodology. Natl Cancer Inst Monogr. 1961;6:101-121.

The Danish Lung Cancer Group list of publications; [cited 2022
Oct 31]. Available from: https://www.lungecancer.dk/forskning-
og-udtraek/publikationer/.

Christensen NL, Lekke A, Dalton SO, et al. Smoking, alcohol, and
nutritional status in relation to one-year mortality in danish stage
I lung cancer patients. Lung Cancer. 2018;124:40-44.


https://www.esundhed.dk/Registre/Cancerregisteret
https://www.lungecancer.dk/wp-content/uploads/2022/09/%C3%85rsrapport-2021offentlig.pdf
https://www.lungecancer.dk/wp-content/uploads/2022/09/%C3%85rsrapport-2021offentlig.pdf
https://www.rkkp.dk/in-english/
https://www.rkkp.dk/in-english/
https://cancerregistry.fi/
https://syoparekisteri.fi/assets/files/2021/07/Cancer_in_Finland_2019.pdf
https://syoparekisteri.fi/assets/files/2021/07/Cancer_in_Finland_2019.pdf
https://findata.fi/en/what-is-findata/
http://www.kreftregistret.no
https://www.kreftregisteret.no/Generelt/Rapporter/Arsrapport-fra-kvalitetsregistrene/Arsrapport-for-lungekreft/arsrapport-for-lungekreft-2021/
https://www.kreftregisteret.no/Generelt/Rapporter/Arsrapport-fra-kvalitetsregistrene/Arsrapport-for-lungekreft/arsrapport-for-lungekreft-2021/
https://www.kreftregisteret.no/Generelt/Rapporter/Arsrapport-fra-kvalitetsregistrene/Arsrapport-for-lungekreft/arsrapport-for-lungekreft-2021/
https://www.kreftregisteret.no/Generelt/Rapporter/Arsrapport-fra-kvalitetsregistrene/Arsrapport-for-lungekreft/arsrapport-for-lungekreft-2021/
https://www.kreftregisteret.no/Generelt/Rapporter/Arsrapport-fra-kvalitetsregistrene/Arsrapport-for-lungekreft/arsrapport-for-lungekreft-2021/
https://www.kreftregisteret.no/Generelt/Rapporter/Arsrapport-fra-kvalitetsregistrene/Arsrapport-for-lungekreft/arsrapport-for-lungekreft-2021/
https://www.socialstyrelsen.se/statistik-och-data/register/alla-register/cancerregistret/
https://www.socialstyrelsen.se/statistik-och-data/register/alla-register/cancerregistret/
https://cancercentrum.se/globalassets/cancerdiagnoser/lunga-och-lungsack/kvalitetsregister/rapport/20220923_nlcr_nationell_rapport2021.pdf
https://cancercentrum.se/globalassets/cancerdiagnoser/lunga-och-lungsack/kvalitetsregister/rapport/20220923_nlcr_nationell_rapport2021.pdf
https://cancercentrum.se/globalassets/cancerdiagnoser/lunga-och-lungsack/kvalitetsregister/rapport/20220923_nlcr_nationell_rapport2021.pdf
https:bestilladtata.socialstyrelsen.se/data-for-forskning/
https://www.lungecancer.dk/forskning-og-udtraek/publikationer/
https://www.lungecancer.dk/forskning-og-udtraek/publikationer/

	Abstract
	Introduction
	Methods
	Results
	The Danish cancer registry and the Danish lung cancer registry
	The Finnish cancer registry
	The cancer registry of Norway and the Norwegian lung cancer registry
	The Swedish cancer registry and the Swedish national lung cancer registry
	NORDCAN

	Discussion
	Strengths and limitations
	Conclusion
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


