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Abstract

Background: Lung Cancer (LC) is often diagnosed at a late stage in relatively old
persons whose survival may be compromised because of limited treatment. Our aim was
to carry out an age-specific survival study on LC in Denmark (DK), Finland (FI), Norway
(NO) and Sweden (SE) through a half century (1972-2021). Nordic survival data were
compared with survival in the US Surveillance, Epidemiology and End Results (SEER)
database

Methods: Relative 1- and 5-year survival data were extracted from the NORDCAN
database and subjected to modelling by generalized additive models for survival trends
over time. Conditional survival was calculated for those who had survived the first year
to survive additional 4 years

Results: Very little improvement was found in survival for any age group before year
2000. By 2017-21, 5-year survival for men below age 50 years has increased to over 40%
(FI somewhat less) and for equally aged women it was over 50% in countries other than
FI. Survival reached over 20% for the 80-89-year-old male and female patients but it was
7% for men and 12% for women in FI. DK age-group-specific survival curves stayed well
parallel to each other indicating equal improvement but for FI and SE men the curves
diverged showing increasing age gaps. Nordic age-specific survival data were better
than those in the US SEERS

Conclusion: Survival increased, after a 30-year standstill, after 2000 with increasing
tempo towards 2017-21 and encompassing all age groups. This and the increase in
conditional survival suggested that even the oldest patients were offered effective
treatment. As LC remains a fatal disease all prevention modes needs to be emphasized,
starting from primary prevention, to early detection and therapeutic improvements.

Introduction

Data from industrialized countries have shown that Lung Cancer (LC)
mortality rates follow cigarette smoking prevalence with a lag times of
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20-30 years [1-3]. Thus as the smoking epidemic in
many countries commenced at around World War II
the incidence of the then relatively rare LC started to
climb to become a common cancer in the 1950s. Data
from the Danish cancer registry, which is the oldest
of its kind in the world, recorded an LC incidence
(adjusted to the world population) of 10/100,000 for
men and 3.5/100,000 for women in 1943; the rates
were 5 times higher for men and 4 times higher for
women 30 years later and kept on increasing [4].
The attributable fraction of cigarette smoking for
LC has been estimated at > 80% in the industrialized
countries [1]. There are also other known risk factors
for LC, such as occupational exposures, air pollution,
radon, obesity, type 2 diabetes and family history, and
their contribution is most likely increasing as smoking
prevalence deceases [5-9]. In Sweden with the lowest
European LC incidence for men only 10% of male LC
patients were never smokers in 2018-2022; overall
13.2% patients were never smokers, 35.2% were
smokers and 51.4% were former smokers (https://
cancercentrum.se/samverkan/cancerdiagnoser/
lunga-och-lungsack/kvalitetsregister).

LC histology has changed over the years from the
dominant squamous cell carcinoma (SCC), accounting
for close the 40% of all in the Nordic countries in
1978-91, to an even more dominant adenocarcinoma,
accounting for 55% in Sweden in 2021 [10]; the share
for SCC has decreased to < 20% (20230921_nlcr__
nationell_rapport2022.pdf (cancercentrum.se)).
According to this report, the share of the clinically
distinct small cell carcinoma has decreased in Sweden
to 10%. Clinical stage at diagnosis was IV (metastatic)
in > 60% of the patients in 1978-91 in the Nordic
countries; in 2021 its share was 50% in Sweden while
stage I had climbed to over 20% passing stage III
(below 20%). In small cell LC stage IV has remained at
over 70% (20230921_nlcr_nationell_rapport2022.
pdf (cancercentrum.se)). Increasing detection of early
stage LC has been achieved by more sensitive thorax
Computed Tomography (CT) and Positron Emission
Tomography (PET)/CT, and the patients may be
amenable to minimal invasive surgery. Therapies for
more advanced LC have improved and for metastatic
disease all treatment modalities are applied including
surgery, chemotherapy, chemoradiation, targeted
therapy and most recently immunotherapy; the
therapeutic choices are guided by appropriate
laboratory data to be effective [10,11]. Small cell LC is
a distinct disease which may only transiently respond
to chemotherapy and radiation [11].
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Survival in LC has increased globally but age
differences are large in favor of young patients [12-
18]. For example, a study covering 87 European
cancer registries found a 5-year relative survival of
13% among all patients and an age-disadvantage
[17]. In a recent international comparison even lower
5-year survival levels were reported for developing
countries [18]. The age disparity, which is noted
for many cancers, is explained in terms of late
diagnoses, less active treatment and lower toleration
of treatment among old patients because of frailty
and comorbidities [14,17,19]. The influence of these
factors on survival was illustrated in a large European
study on LC [20]. However, stage distribution of LC at
diagnosis does not show age differences which would
suggest that stage may not explain the age differences
[14,19]. Smoking may also influence survival in LC
through interfering with radiation and other forms
of therapy, at least in patients who continue smoking
during their treatments [21-23].

We assess here age-specific relative survival in LC
in the four Nordic countries of Denmark (DK), Finland
(FI), Norway (NO) and Sweden (SE) through a half
century from 1972 to 2021 based on the NORDCAN
database. For background reference, overall LC
survival in these countries was recently published [15].
These Nordic countries maybe particularly interesting
for LC survival analysis for at least three reasons:
health care is guaranteed to the whole population,
cancer data are of high quality over decades [24]
and smoking prevalence has changed extensively
between these populations (Supplementary Table 1)
[25]. Shortly to the latter point, FI men were among
the heaviest European smokers after World War II,
later taken over by DK men while SE became the non-
smoking champions [1,26,27] (www.pnlee.co.uk/ISS.
htm). The epochal crossing of SE male and female
lung cancer incidence rates took place in 2016 [28].

Methods

The data were obtained from NORDCAN database
2.0 [29,30]. The database was accessed at the
International Agency for Cancer (IARC) website
(https://nordcan.iarc.fr/en) [31], and the available
tools were used to extract data on incidence,
mortality and 1- and 5-year survival. NORDCAN uses
International Classification of Diseases (ICD) version
10 codes for cancer.

Statistical modelling was performed using R
statistical software (https://www.r-project.org)
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in the R studio environment (https://posit.co/).
Trends in incidence and mortality were modelled by
jointpoint regression log-normal models using the
‘segmented’ package [32,33]. Models with different
number of knots were compared by Bayesian
Information Criterion (BIC) and models with low BIC
values were preferred.

Data on 1-year and 5-year relative survival were
available from consecutive 5-year periods between
1972 and 2021. The survival estimates were based on
‘cohort approach’ for the first nine 5-year periods
and ‘period approach’ for the last period (2017-2021),
combining data from the previous 5-year period. The
age-specific relative survival was estimated using the
Pohar Perme estimator [29]. The national life tables
were used to calculate the expected survival. The 5/1-
year conditional survival was calculated as the ratio
of the respective 5-year and 1-year relative survival
estimates. The relative survival estimates were not
available if less than 30 patients were alive in the
beginning of follow-up.

The trends in relative survival were modelled using
Bayesian generalized additive models as described
before [34]. The modelling was performed on the
cumulative hazard scale, permitting asymmetric
Confidence Intervals (CIs) for the individual
NORDCAN estimates. We fitted separate models for
each metric and country. The models included the
main effect of the group (combination of age-specific
groups and sex) and non-linear effect of time,
modelled with thin plate regression splines (mgcv
package, k = 4). The female 60-69 year group was
modelled as a reference level (intercept) with effects
of the other groups having Gaussian prior (mean =
0, sigma = 1 for cumulative hazard associated with
1-year and 5/1-year relative survival; sigma = 2 for
cumulative hazard associated with 5-year relative
survival). For the purpose of modelling of temporal
trends, the relative survival estimates for individual
5-year periods were assigned timepoint in the middle
of the respective period. The CIs provided for survival
estimates were used to model uncertainty in model
input. The modelled trends were visualized after
back-transforming from cumulative excess hazard
scale to relative survival scale.

We further calculated 1st derivatives of temporal
survival trends, corresponding to annual change in
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relative survival, to detect the periods when survival
was changing with at least 95% plausibility (the
associated 95% credible intervals did not cross zero
in the sliding 5-year periods).

As a reference we obtain LC data from the
US Surveillance, Epidemiology and End Results
(SEER) web site for years 2016—20 for Whites and
Hispanics (https://seer.cancer.gov/statistics-
network/explorer/application.html?site=1&data__
type=1&graph_type=2&compareBy=sex&chk__
sex_3=3&chk_sex_2=2&rate_type=2&race=1&age__
range=1&hdn_stage=101&advopt_
precision=1&advopt_show_ci=on&hdn__
view=0&advopt_ display=2#graphArea).

Results
Demographics

In the first year of the study in 1972, 6039 men
and 1227 women were diagnosed with LC in the four
Nordic countries, with crude age-specific rates of
55.8/100,000 and 11.1/100,000. The estimated median
diagnostic ages were 66 and 69 years. In 2021 case
numbers for men were 7920 and for women they were
7841 with crude age-specific rates of 57.7/100,000
and 57.3/100,000; estimated median diagnostic ages
were 76 and 73 years, respectively. According to US
SEER data, LC median diagnostic ages were 71 and 72
years for men and women in 2016-20.

Incidence and mortality in the Nordic countries

Age-standardized (world) male and female
incidence and mortality trends for LC for period 1963
to 2021 are described in figure 1. Male peak incidence
rates were highest for FI at 80/100,000 and lowest
for SE at 25/100,000 (Figure 1A). The peak incidence
was in 1970 in FI, in 1985 in DK and in 2007 in SE and
NO. Mortality rates followed the incidence rates at a
lower level. The female incidence rate was by far the
highest for DK, reaching a peak of 37/100,000 in 2007
(Figure 1B). The NO incidence rate climbed until 2021,
reaching 28/100,000. The lowest but still increasing
incidence of 15/100,000 was for FI women in 2021.

Relative age-specific survival in the Nordic
countries and USA

Figure 2 shows 1-year relative survival in the
four countries, male data on top and female data
underneath. Survival started to increase after year
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Figure 1 Age-standardized incidence (solid lines) and mortality (dotted lines) trends in the four Nordic countries for lung cancer from 1963 to

2021 modelled by jointpoint regression, A men, B women.
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Figure 2 Relative 1-year survival with 95% Cls in lung cancer in Denmark, Finland, Norway and Sweden for males on top and females in bottom.
Broken lines indicate small case numbers and uncertain estimates. Solid lines indicate periods with > 95% plausibility of survival change.

2000, except for SE men some increase took place
from the beginning on. Men diagnosed at age below
50 years reached a survival of 70%, some 30 % units
better than for the 80-89-year-old men; survival
for FI men at that age did not increase in the 50-
year period. Female survival started at the same level
as male survival but developed to some 10 % units
higher level.

Conditional 5/1-relative survival is shown in figure
3. The shapes of the curves are like those in figure 2
but they run at some 20 % units lower level.

Survival for 5 years is a composite of 1- and 5/1-
year survival (Figure 4). The final survival levels
for the age-groups were equal for DK, NO and SE,
but considering the low starting levels, the survival
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improvement was largest in DK, as is also confirmed better survival that the male age-groups. This was
by the increasingly steep curves towards year 2021. also true for NO, except for the oldest age-group. For
For DK, FI and SE every female age-group showed a men below age 50 years survival was over 40% (FI
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somewhat less) and for women of this age it was over
50% in countries other than FI. Survival reached over
20% for the oldest male and female patients but it
was 7% for men and 12% for women in FI. DK survival
curves stayed well parallel to each other but for FI and
SE men the curves diverged showing increasing age

gaps.

According to the US SEER database 5-year survival
in 2016-20 for all LC was 22.1% for men and 30.3% for
women. In the available age groups < 50, 50-64 and
65+ male survival was 33.3, 23.5 and 20.8% compared
to female survival of 44.7, 33.8 and 28.1% (all age-
group- and sex-differences were significant, non-
overlapping CIs).

Discussion

We could document for all Nordic countries a period
from 1972 to 2000 when hardly any change in relative
survival in LC took place, followed by a steep positive
development that was observed for all countries and
most age-groups in both 1- and 5-year survival.
However there were marked sex- and country-
specific differences. Female survival exceeded male
survival in almost all age-groups which became most
prominent in the last decade and was evident already
in 1-year survival which exceeded male survival by
10 % units in many age-groups. Sex differences have
been reported earlier for LC without clear explanation
[13,15,16]. Although NORDCAN lacks histological
data, the SE national LC register for year 2008 to
2022 showed that women had a larger proportion
of therapeutically amenable adenocarcinoma (the
proportion increased from 50 to 60%, compared to
men from 40 to 54%); therapeutically more refractory
SCC decreased in the same period from 14 to 13% in
women and 25 to 21% in men; small cell carcinoma
declined for both sexes from 14 to 10% (20230921
nlcr_nationell rapport2022.pdf (cancercentrum.se).
The above studies also reported the low LC survival
in FI, suggesting lower investment in health care as
a contributing factor [13,15,16]. OECD statistics on
numbers of CT scanners per 1 000 000 inhabitants in
2021/22 are telling on this point (FI 17, SE 23, NO 30,
DK 44) (https://data.oecd.org/healtheqt/computed-
tomography-ct-scanners.htm?appsule=4); = maybe
this could be a surrogate for early LC detection.

The most telling document of the development
of age-group specific survival is provided by figure 4
describing 5-year relative survival. Firstly, analyzing
absolute survival gaps between the youngest and
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the oldest patients over the 50-year period shows
strong improvement and constant gaps for DK and
NO men, a small widening of gaps for NO women and
SE, and a larger widening for FI. Secondly, we need to
observe that survival for the 80-89-year old patients
was practically nil in the early period. Thus survival
improvements have not equally benefitted all age-
groups in the Nordic countries but, excluding FI, a
quarter of the oldest patients has now reached 5-year
survival.

Age-group-specific 5-year survival was better
in the Nordic countries than in USA. Even looking at
the exact last data points in figure 3, 5-year survival
for men diagnosed before age 50 years was 40% (FI
37%) compared to US survival of 33.3%; for female
the data points were at 48% (FI 45%) compared to US
survival of 44.7%. Averaging the Nordic data points
for 50-59 and 60-69 male survival was 27% (FI
17%) compared to US men of 50-64 years of 23.5%;
Nordic female survival was 37% (FI 28%) compared
to US of 33.8%. A relevant difference between the
countries was in the histological distribution of LC,
with US having a higher proportion of relatively fatal
forms. In SE, SCC histology accounted for some 10 %
units lower proportion compared to US, and even SE
proportion of small cell carcinoma was a few % units
lower compared to US.

The first question arising from these results is
how the survival boost in year 2000 was brought
about. Previous clinical and survival studies on
LC from the Nordic countries describe some
periodic changes in diagnostics and treatment of
LC [15,16,35,36]. These and the national LC quality
register for SE (2022), report that a half of patients
were diagnosed with metastasis and over 70% were
in age group 70+ years (20230921_nlcr_ nationell
rapport2022.pdf (cancercentrum.se). Facilitated care
pathways together with centralized treatment and
consultation by multidisciplinary teams have been
the cornerstones of the national cancer plans that
were first instituted in DK in 2000, and in NO and SE
shortly thereafter [37]. These three countries were
part of an international study on time intervals from
symptoms to treatment in LC among 10 jurisdictions
[38]. The shortest times were found for DK, NO was on
the second place but SE landed on the seventh place.

Other improvements since year 2000, according
to the above SE report, include wide use of sensitive
CT in LC diagnostics and PET to determine the extent
of tumor spread. Diagnostics are increasingly based
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on histological (PAD) samples which can be used for
additional laboratory testing, including Epidermal
Growth Factor Receptor (EGFR) mutation and
Anaplastic Lymphoma Kinase (ALK) rearrangement
analyses; targeted therapies are available for patients
testing positive. Minimal invasive surgery has become
the main therapeutic modality for early-stage lung
cancer, while for stage II-1II patients radio- (recently
stereotactic radiotherapy), chemo- and recently
immunotherapy are offered [11]. For stage IV patients
surgery, chemotherapy (platinum is often used),
targeted therapy or immunotherapy are treatment
options; immunotherapy is indicated for PDL1
positive patients or if tumor mutation burden is high;
it is often combined first line with chemotherapy
or chemoimmunotherapy [10,11,39,40]. Periodic
changes were reported in a NO LC study as both
early diagnostic stages and curative treatment have
increased, the latter from 22.9% 2001 to 37.9%
in 2016; these constituted 20.6% surgery and
17.3% radiotherapy, conventional and stereotactic
radiotherapy in equal proportions [36].

Stage presentation of LC has been relatively
constant in SE since 2002 and stage IV has
remained dominant (20140210-nlcr-rapport.pdf
(cancercentrum.se). Although the importance of
stage for survival is well known, the modification
of this by the performance status is less well known
[41]. Median survival in stage IV non-small cell LC
diagnosed in SE in 2016-22 was over 1.5 years for
WHO 0, below 1 years for WHO 1, about 4 months
for WHO 2 and less than 2 months for WHO 3 and
4 (20230921_nlcr_nationell_rapport2022.pdf.
(cancercentrum.se)). Few published studies control
both stage and performance status although some
include comorbidities [17,18,20,41]. Time-dependent
changes in LC histology have also contributed to the
positive survival development, as the share of the
relatively fatal small cell and SCC LC have decreased;
these cancer types are more related to smoking than
adenocarcinoma which could contribute to small
country-specific differences in histological types
[16].We reported also demographic and incidence
changes in LC which have been quite large in the
Nordic countries. The incidence difference (male/
female) decreased from 5/1 to 5/5. The median age of
onset increased by 10 years for men (66 to 76 years)
and by 4 years for women (69 to 73 years). Our data
do not tell what caused these changes which could be
related to changes is cigarettes and general increase
inlongevity [42]. However, at least the major increase
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in age of onset for men past the female age of onset is
likely to be related to the early declining in smoking
frequency in men [3].

The second question is the survival of the oldest
patients and the age-differences overall. Even though
the fair goal of oncology is to offer equal survival
chances to patients of all ages the current state is
far from equal survival, and worse, the survival gaps
may be increasing. A Dutch study compared 5-year
survival in all cancer patients diagnosed in 1990-
9/ to those diagnosed in 2015-9 [19]. The survival
difference between < 80 year and 80+ year old
increased from 26 to 37% points. Our recent survival
studies from NORDCAN showed vastly widening
age gaps for multiple myeloma and acute myeloid
leukemia [43,44]). In USA concerns have also been
raised on how to narrow the age-related survival
gap, particularly in cancers with relatively large
age-related differences in survival, including those
at the stomach, esophagus, liver and pancreas [14].
The present results were encouraging in showing
increases in survival in all age groups, and in DK,
with the largest survival increases, patients of all
ages reaped the benefits. Most likely this indicates
that effective treatment is offered to many patients
irrespective of age as long as the performance status
this allows. The largest age differences were in FI
because of the poor improvement of survival among
the 80-89-0ld. A further observation was that in 5/1-
year conditional survival the age-group differences
narrowed in time, however with country-specific
differences. This is further evidence that effective
treatment was offered also to the oldest patients
to help them survive from year 1 to year 5. The
limitation of NORDCAN data is the lack of clinic-
pathological and treatment data, which we however
complemented from other sources, yet lacking
information on individual patients. Although data in
the Nordic cancer registries are largely comparable,
the SE cancer registry does not complement its cancer
notification from the cause of death register, alike the
other registries [30]. This is known to lead to a small
underreporting of fatal cancers [30,45]. Nevertheless
the Nordic cancer registries are the source of the
oldest available national cancer data which we were
able to use here.

In conclusion, the results are reassuring that
survival for LC that did not improve in 30 years until
year 2000, subsequently improved with increasing
tempo towards 2017-21. Even more reassuring is
that the increase in survival supported all age groups
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which suggests that even the oldest patients are
offered effective treatment. As LC remains a fatal
disease primary prevention is the first target. For
further gains in survival in LC it would be necessary
to diagnose more patients in early stages. Population
screening strategies with CT are being planned but
the costs may be prohibitive [11]. However there is
a continued debate on this topic which is outside
the scope of the present paper [46]. Predictive
biomarkers would be useful as for any cancer.
Improved treatment has already played an important
role but the present study is not able to catch the most
recent trends, because the last informative periods
are the combination of the 5-year periods of 2012-16
and 2017-21.
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