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Abstract
Background The lung is the most common site for cancer and has the highest worldwide cancer-related
mortality. Our study reports and compares trends in lung cancer mortality in the USA and 26 European
countries.
Study design and methods Lung cancer mortality data were extracted for males and females for each of
the years 2000–2017 from the World Health Organization (WHO) Mortality and the Centers for Disease
Control and Prevention (CDC) WONDER databases. Lung cancer mortality trends were compared using
Joinpoint regression analysis, and male-to-female mortality ratios were calculated.
Results Down-trending lung cancer mortality rates were observed in males in all countries except Cyprus and
Portugal between 2000 and 2017. In females, increasing mortality rates were observed in 22 of the 27
countries analysed. Latvia had the highest estimated annual percentage change (EAPC) in male mortality
(−9.6%) between 2013 and 2015. In the USA, EAPCs were −5.1% for males and −4.2% for females between
2014 and 2017. All countries had an overall decrease in the ratio of male-to-female lung cancer mortality. The
most recent observation of median male-to-female mortality was 2.26 (IQR 1.92–4.05). The countries with the
greatest current sex disparity in lung cancer mortality were Lithuania (5.51) and Latvia (5.00).
Conclusion Between 2000 and 2017, lung cancer mortality rates were decreasing for males in Europe and
the USA, whereas increasing lung cancer mortality rates were generally observed in females. There is a
persistent but decreasing sex-mortality gap, with men having persistently greater lung cancer mortality but
with rates decreasing faster than women.

Introduction
Lung cancer is the leading cause of cancer death in males and the third most diagnosed and second
leading cause of cancer death in females worldwide. In the USA, lung cancer is the most common cancer
and the leading cause of cancer deaths in males and females [1, 2]. The World Health Organization
(WHO) estimated that, in 2018, there were 2.09 million cases of lung cancer and 1.76 million lung
cancer-related deaths annually worldwide [3]. Overall, there has been a worldwide decline in the incidence
of lung cancer [4, 5]. However, multiple European studies have reported incongruous falls in lung cancer
incidence in males versus females [4, 5]. Up-to-date comparisons of the recent trends in lung cancer
mortality across the European Union (EU), the UK and the USA are lacking.

The principal aim of this study was to compare the trends in mortality from lung cancer across the USA
and EU countries over recent decades, using data obtained from the Centers for Disease Control and
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Prevention Wide-ranging ONline Data for Epidemiologic Research (CDC WONDER) and the WHO
Mortality Databases. A secondary aim was to compare the differential trends amongst males and females
within each analysed country to identify sex disparities in temporal lung cancer mortality trends. We have
previously used similar methods to describe trends in mortality from cardiovascular [6] and respiratory
diseases [7, 8].

Methods
Data sources
Data were obtained from two publicly available online databases: CDC WONDER for the USA, and the
WHO Mortality Database for the 27 EU countries (inclusive of the UK).

Lung cancer mortality data were identified and extracted from the WHO database from 2000 to 2017 using
the International Classification of Diseases (ICD) system code C34 (“Malignant neoplasm of bronchus and
lung”) and its sub-codes. The WHO evaluates the quality of the data to ensure comparability and reliability
without adjustment for underreporting [9]. Luxembourg and Malta were excluded based on the data quality
and multiple missing data points for >3 consecutive years. Twenty-five member states of the EU, the UK
and the USA were selected to produce a defined group for analysis [10]. WHO Mortality lacks data for the
USA after the year 2007. Therefore, the CDC Wonder database was used for the USA.

Lung cancer mortality data for individuals in the USA were extracted from the CDC WONDER database
in collaboration with the National Center for Health Statistics and the Vital Statistics Cooperative
Program [11]. CDC WONDER is a comprehensive online public health information system developed and
owned by the CDC and its collaborating partners to serve public health practice and research [12, 13]. The
mortality database is updated annually from deaths registered by national civil registration systems. Data is
collected according to ICD tenth revision, a process that has been used previously with adequate validity
and the provision of robust data [6, 8].

Crude mortality rates were dichotomised by sex and reported by year. We computed age-standardised
death rates (ASDRs) per 100000 population using the World Standard Population for Europe and the US
Standard Population for the USA. The ASDR was defined as mortality weighted to the distribution of
mortality per 5-year age group, according to the appropriate standard population [14]. This removes the
effects of historical events on age structure and controls for differences in age structure in populations. The
estimated level of coverage for deaths with a recorded cause for death is calculated by actual reporting
divided by the estimated mortality rate. Population and birth recording in all countries exceed 90%, as per
the WHO standard for inclusion in the database [9]. Institutional review board approval was not necessary
as the data collected are available in the data-repositories mentioned above in a de-identified format.

Statistical analyses
Joinpoint regression analysis with annualised data (between 2000 and 2017, where available) was used to
assess changes in linear slope for mortality trends over time. In brief, Joinpoint analysis assesses the
overall trends in mortality, initially with no Joinpoints, and tests for significant changes in the model with
the sequential addition of Joinpoints where there is a significant change in the slope of the line. Joinpoint
software (Command Line Version 4.5.0.1) is provided by the US National Cancer Institute Surveillance
Research Program [15]. The model computes an estimated annual percentage change (EAPC) for each
trend by fitting a regression line to the natural logarithm of the rates. Mortality data were missing in a
small subset of countries in the WHO Mortality Database for one or more calendar years. Joinpoint
software requires continuous data throughout the observation period to be suitable for analysis. Therefore,
we imputed using the last observation carried forward for countries with missing data for the purpose of
Joinpoint analysis only. If a country had >3 consecutive years of missing data during the observation
period, this was excluded from the analysis to avoid excess imputation. There were no other modifications
to the data. Changes in ASDR over the observation period are calculated as crude absolute differences
between first and last data points for the earliest and most recent years available.

Post hoc analysis
From our primary analysis, we observed convergent trends in male and female mortality during the
observation period across all countries. Given the magnitude and changing trends for males and females, a
post hoc analysis was performed to assess the changing magnitude of this male-to-female mortality
difference. We computed male-to-female mortality ratios and used locally weighted scatterplot smoothing
(LOWESS) plots fit to the ratios of male-to-female mortality using SAS v9.4 (SAS, Cary, NC, USA). We
plotted the results of this analysis for visual inspection. As this was a post hoc analysis, we treated this as
exploratory and descriptive, with no further tests of the data performed.
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Results
Data from a total of 27 countries were analysed (25 EU nations (inclusive of the UK) and the USA). Six
countries had complete data for each of the years 2000–2017, 12 had data from 2000 to 2016, seven
countries had data from 2000 to 2015 and two countries had data from 2000 to 2014, accounting for a total
of 898 data elements available for analysis. For the purpose of Joinpoint analysis alone, 14 (1.6%) data
points were imputed for missing data points, as described above.

Current lung cancer mortality
Table 1 and figure 1 show the most recent calendar year mortality data. In 2017, Hungary had the highest
observed lung cancer ASDR of all analysed countries for both males and females, 64.51/100 000 and
31.04/100 000, respectively. In 2017, the lowest lung cancer mortality rate was observed in Sweden for
males (17.31/100 000) and Lithuania for females (7.58/100 000). ASDRs for the USA in 2017 for males
and females were 44.30/100 000 and 30.60/100 000, respectively.

Changes in lung cancer mortality between 2000 and 2017
Table 1 and figures 1 and 2 show lung cancer mortality rates at the beginning and the end of the study
period. The overall trend for lung cancer mortality for males across Europe and the USA was decreasing
steadily over time. Mortality rates in males decreased in the majority of the included countries, with the
only exceptions being Bulgaria (+3.45%), Portugal (+1.60%) and Romania (+0.03%). The largest
decreases in male mortality in European countries were observed in the Czech Republic (−27.34%) and
Hungary (−20.30%). The USA showed a decrease of 32.40% in male mortality between 2000 and 2017.
In contrast to males, the majority of the analysed countries had an increase in lung cancer mortality rates

TABLE 1 Age-standardised death rate in males and females

Country Start point End point Overall
percentage
change in
mortality

Year of
diagnosis

Age adjusted
rate in males

Age adjusted rate
in females

Year of
diagnosis

Age adjusted
rate in males

Age adjusted rate
in females

Males Females

Austria 2000 38.92 12.35 2017 28.44 14.80 −10.48 2.45
Belgium 2000 60.63 11.30 2016 40.40 16.80 −20.23 5.50
Bulgaria 2000 38.38 6.83 2015 41.83 9.51 3.45 2.68
Croatia 2000 74.09 12.51 2016 54.79 15.48 −19.30 2.97
Cyprus 2004 28.28 4.25 2016 25.74 8.34 −2.54 4.09
Czech Republic 2000 63.27 12.88 2017 35.93 14.76 −27.34 1.88
Denmark 2000 46.79 28.77 2015 33.43 29.65 −13.36 0.88
Estonia 2000 60.96 6.91 2016 42.69 10.26 −18.27 3.35
Finland 2000 35.13 8.65 2016 25.54 11.07 −9.59 2.42
France 2000 47.25 7.80 2014 41.02 14.08 −6.23 6.28
Germany 2000 43.77 11.45 2016 32.79 16.50 −10.98 5.05
Greece 2000 52.28 8.18 2016 50.09 11.77 −2.19 3.59
Hungary 2000 84.81 23.24 2017 64.51 31.04 −20.30 7.80
Ireland 2000 43.44 20.41 2015 30.44 20.05 −13.00 −0.36
Italy 2000 49.62 9.27 2015 36.25 12.20 −13.37 2.93
Latvia 2000 57.75 6.12 2015 41.72 8.34 −16.03 2.22
Lithuania 2000 55.35 5.49 2017 41.78 7.58 −13.57 2.09
Netherlands 2000 55.59 17.69 2016 38.22 24.79 −17.37 7.10
Poland 2000 69.87 13.13 2016 53.00 18.95 −16.87 5.82
Portugal 2000 29.66 5.44 2016 31.26 7.70 1.60 2.26
Romania 2000 47.43 8.11 2017 47.46 11.71 0.03 3.60
Slovakia 2000 62.25 8.59 2014 42.14 10.72 −20.11 2.13
Slovenia 2000 54.44 11.02 2015 43.42 15.88 −11.02 4.86
Spain 2000 48.82 5.12 2015 41.04 9.61 −7.78 4.49
Sweden 2000 22.43 14.19 2016 17.31 15.67 −5.12 1.48
UK 2001 42.06 21.49 2016 30.66 22.05 −11.40 0.56
USA# 2000 76.70 41.30 2017 44.30 30.60 −32.40 −10.70

Luxembourg and Malta were excluded due to data quality. #: USA data are standardised based on US population. CDC WONDER database is used
for data collection in the USA.
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among females. Only in Ireland (−0.36%) and the USA (−10.70%) were decreased lung cancer mortality
rates observed for females. All remaining countries had increasing lung cancer mortality rates for females,
with the highest increases observed in Hungary (+7.80%) and the Netherlands (+7.10%).

Joinpoint regression for changes in lung cancer mortality trends in males
Table 2 and figure 2 show the results of the Joinpoint regression analysis for lung cancer mortality rates in
males from 2000 to 2017. Significant trend changes were observed. The most rapid decreases in lung
cancer mortality rates were identified in Latvia between 2013–2015 (EAPC −9.6%), followed by Belgium
between 2010 and 2016 (EAPC −4.2%), Austria between 2013–2017 (EAPC −3.5%), Italy between
2012–2015 (EAPC −3.3%) and Greece between 2014–2016 (EAPC −3.2%). Male mortality declined
consistently across the study period, with only one Joinpoint in Czech Republic, Denmark, Estonia,
Finland, Hungary, Ireland, Lithuania, Slovakia, Slovenia, the UK, and the Netherlands. Bulgaria, Romania,
Spain, and Sweden also showed increased mortality in the initial years of the investigation, followed by a
subsequent downward trend. Greece showed a notable trend with three Joinpoints; there was a steady
decline until 2011 (EAPC −0.4%), followed by increasing mortality between 2011 and 2014 (EAPC
2.8%), and the second period of decline after 2014 (EAPC −3.2%). Spain and Germany also demonstrated
more variable trends with three Joinpoints over the time period studied, and both with significant
reductions in lung cancer mortality over the periods covered by the most recent trends (Spain between
2011–2015, EAPC −2.3%; Germany between 2013–2016, EAPC −2.5%. The United States had variable
trends in lung cancer mortality for males, with four Joinpoints identified and a steady decline in mortality
since 2000, followed by a more rapid decline recently (EAPC −5.1%, 2014–2017).

Joinpoint regression for changes in lung cancer mortality trends in females
Table 2 and figure 2 show the results of a Joinpoint regression analysis for lung cancer mortality rates in
females between 2000 and 2017 for each included country. For females, 21 of the 26 European nations
reported increasing rates in lung cancer mortality, with the exceptions being Belgium, Denmark, Ireland,
Sweden and the UK. Sweden, Ireland and Denmark showed declining mortality rates from 2005 to 2006,
the UK from 2008, whereas Belgium did not show a decreasing mortality trend until 2011. The highest
EAPC (+4.4%, 2000–2015) is noted in Spain. The greatest recent decline in mortality was in Denmark,
with an EAPC of −0.9% (2005–2015). The USA had four Joinpoints for females, in a pattern similar to
that observed for males. The USA had an increase in mortality from the year 2000 to 2004 (+0.2%),
followed by a steady decline. Like males, female mortality rates have also declined recently (−4.2%,
2014–2017).

Post hoc analysis of the male-to-female ratio of lung cancer mortality
Table 4 and figure 3 show sex ratio trends for lung cancer. Lung cancer mortality rates were higher in
males than females in all countries for each year of comparison. Over the observation period, all countries
had an overall decrease in the ratio of male-to-female mortality: in 2000, the median male-to-female
mortality ratio was 5.35 (IQR 3.65–6.06), whereas, for the most recent year, the median male-to-female
mortality ratio was 2.26 (IQR 1.92–4.05). The countries with the greatest current disparity in lung cancer
mortality by sex were Lithuania (male-to-female mortality ratio 5.51), Latvia (5.00) and Bulgaria (4.40).
The countries with the smallest differences in mortality between sex were Sweden (male-to-female
mortality ratio 1.10), Denmark (1.13) and the UK (1.39). The median percentage change for all countries
was −44.45% (IQR −50.44% to −30.56%). The countries with the greatest percentage change in male–
female lung cancer mortality ratios were Spain (−55.19%), Belgium (−55.18%) and Cyprus (−53.64%).
The countries with the smallest percentage change in male–female lung cancer mortality ratios were
Bulgaria (−21.65%), the USA (−22.05%) and Portugal (−25.46%).

Discussion
Principal findings
In this observational study of lung cancer mortality in Europe and the USA, male lung cancer mortality
steadily declined in the majority of countries. However, for females, there were increasing lung cancer
mortality trends in the majority of countries. The USA was a notable exception to this observation, with
decreasing lung cancer mortality rates observed in females over the 17-year study period. There remains a
persistent sex-mortality gap from lung cancer, with male mortality rates remaining consistently higher than
those for females. However, the magnitude of these differences in male–female lung cancer mortality ratios
is decreasing over time, resulting from both general decreases in male lung cancer mortality rates and
increases in female lung cancer mortality rates.

The primary aim of this investigation was to investigate the changes in trends in lung cancer mortality
between males and females over the past two decades and provide up-to-date estimates of the burden of
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FIGURE 2 Trends in age-standardised death rates (ASDRs) per 100 000 for lung cancer. Squares indicate male mortality; circles indicate female
mortality.
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TABLE 2 Joinpoint analysis for lung cancer mortality of males and females in 25 EU countries, UK and USA for years 2000 to 2017, where data available

Country Trend 1 Trend 2 Trend 3 Trend 4

Years EAPC 95% CI of EAPC Years EAPC 95% CI of EAPC Years EAPC 95% CI of EAPC Years EAPC 95% CI of EAPC

USA# 2000–2005 −2.2 −2.4– −1.9 2005–2010 −2.7 −3– −2.3 2010–2014 −3.6 −4.1– −3.1 2014–2017 −5.1 −5.6– −4.6
Cyprus 2004–2016 1.4 −0.3–3.2
Austria 2000–2013 −1.4 −1.7– −1.1 2013–2017 −3.5 −5.3– −1.6
Belgium 2000–2010 −1.6 −2– −1.2 2010–2016 −4.2 −5.1– −3.3
Bulgaria 2000–2006 3 1.6–4.5 2006–2015 −0.7 −1.5–0
Croatia 2000–2002 −8.9 −12.8– −4.9 2002–2016 −0.9 −1.1– −0.7
Czech Republic 2000–2017 −3.3 −3.6– −3.1
Denmark 2000–2015 −2.1 −2.4– −1.7
Estonia 2000–2016 −1.7 −2.3– −1.1
Finland 2000–2016 −1.9 −2.3– −1.5
France 2000–2006 −0.3 −0.7–0 2006–2014 −1.5 −1.7– −1.3
Germany 2000–2006 −2.2 −2.5– −1.9 2006–2013 −1.1 −1.4– −0.8 2013–2016 −2.5 −3.4– −1.5
Greece 2000–2011 −0.4 −0.8–0 2011–2014 2.8 −2.8–8.7 2014–2016 −3.2 −8.4–2.3
Hungary 2000–2017 −1.4 −1.7– −1.1
Ireland 2000–2015 −1.4 −2– −0.9
Italy 2000–2012 −1.9 −2– −1.7 2012–2015 −3.3 −4.3– −2.4
Latvia 2000–2013 −1.1 −1.7– −0.5 2013–2015 −9.6 −20–2.1
Lithuania 2000–2017 −1.4 −1.8– −1
Netherlands 2000–2016 −2.5 −2.7– −2.2
Poland 2000–2015 −1 −1.9– −0.1 2005–2016 −2.3 −2.5– −2
Portugal 2000–2016 0.5 0.1–0.8
Romania 2000–2010 0.6 0.2–0.9 2010–2017 −0.5 −1.1–0.1
Slovakia 2000–2014 −2.2 −2.6– −1.7
Slovenia 2000–2015 −1.8 −2.4– −1.2
Spain 2000–2003 0.2 −1.3–1.7 2003–2011 −1.2 −1.6– −0.8 2011–2015 −2.3 −3.2– −1.4
Sweden 2000–2005 0.5 −1.5–2.6 2005–2016 −2.5 −3.1– −1.9
UK 2001–2009 −1.7 −2– −1.4 2009–2016 −2.5 −2.9– −2.2

EAPC: estimated annual percentage change. #: USA data are standardised based on US population. CDC WONDER database is used for data collection in the USA.
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FIGURE 3 Trends in the ratio of male:female mortality for lung cancer between 2001 and 2017.
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TABLE 3 Joinpoint analysis for lung cancer mortality of females in 25 EU countries, UK and USA for years 2000 to 2017, where data available

Country Trend 1 Trend 2 Trend 3 Trend 4

Years EAPC 95% CI of EAPC Years EAPC 95% CI of EAPC Years EAPC 95% CI of EAPC Years EAPC 95% CI of EAPC

USA# 2000–2003 0.2 −0.7–1 2003–2009 −1.1 −1.5– −0.7 2009–2014 −2.2 −2.7– −1.6 2014–2017 −4.2 −5– −3.4
Cyprus 2004–2016 −2–5.4
Austria 2000–2017 1.8 1.3–2.3
Belgium 2000–2011 4.2 3.5–4.8 2011–2016 −0.1 −2.1–1.9
Bulgaria 2000–2015 2.2 1.5–2.9
Croatia 2000–2016 2.4 1.8–3
Czech Republic 2000–2017 0.7 0.4–1.1
Denmark 2000–2005 1.7 −0.4–3.9 2005–2015 −0.9 −1.7– −0.2
Estonia 2000–2016 2 1.2–2.8
Finland 2000–2016 1.9 1.6–2.3
France 2000–2005 6.6 5.1–8.1 2005–2014 2.8 2.2–3.4
Germany 2000–2011 2.9 2.6–3.1 2011–2016 1 0.2–1.8
Greece 2000–2005 0.1 −1.5–1.7 2005–2016 3.7 3.2–4.2
Hungary 2000–2017 2.1 1.7–2.5
Ireland 2000–2006 1.9 −0.1–3.8 2006–2015 −0.4 −1.5–0.6
Italy 2000–2015 1.9 1.8–2.1
Latvia 2000–2015 1.2 0.1–2.4
Lithuania 2000–2017 1.1 0.3–1.9
Netherlands 2000–2007 4.2 3.4–5 2007–2016 0.8 0.3–1.4
Poland 2000–2016 2.4 2.1–2.7
Portugal 2000–2016 2.6 2.1–3.1
Romania 2000–2017 2.3 2–2.6
Slovakia 2000–2014 2.4 1.7–3.1
Slovenia 2000–2015 2.5 2–3.1
Spain 2000–2015 4.4 4.1–4.7
Sweden 2000–2005 3.5 1.2–5.9 2005–2016 −0.5 −1.2–0.2
UK 2001–2008 1.7 1.1–2.3 2008–2016 −0.7 −1.2– −0.2
#: USA data are standardised based on the US population. CDC WONDER database is used for data collection in the USA.
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lung cancer mortality across EU countries and the USA. To our knowledge, this is the first paper to
compare the trends in lung cancer mortality rates across the EU and the USA using data obtained from
both the CDC WONDER and WHO mortality databases.

Possible contributors to the observed trends
A number of population-level and public health efforts within cancer control programmes have been
implemented in attempts to improve both the prevention of and mortality from lung cancer in the USA and
EU countries. Being aware that the present data is observational, discussion as to the contributors to the
observed trends in mortality should be cautious; however, likely contributors to the reducing rates of lung
cancer mortality include the development and implementation of cancer registries across the USA and EU
countries, changes in smoking behaviours, the advent of newer treatment modalities and the development
of screening programmes.

Cancer Registries provide a means to identify high-risk patient cohorts and, therein, define patients to be
targeted for resource allocation to enable both prevention strategies and early diagnosis and treatment.
Currently, there are 55 cancer registries in the USA, covering 94% of the population, the first of which was
the Surveillance, Epidemiology and End Results (SEER) Program (established in 1973) [16]. Cancer
Registries have been an essential adjunct to the implementation of high-quality lung cancer screening
programmes [17], and their use has previously been suggested to reduce population-level mortality, which
may be contributory to the observed earlier improvements in lung cancer mortality in the USA compared
to the majority of European nations [17]. Cancer Registries, which also enable identification of
geographical differences in treatment outcomes, have progressed consistently since 1990 and have
increased to nearly 200 in Europe [18], covering ∼60% of the European population. However, significant
disparities of population coverage by cancer registries exist across EU countries, especially in south-eastern
Europe [18]. Countries like Hungary (1999), Croatia (2001) and Poland (1999), which still have high

TABLE 4 Post hoc analysis of the male-to-female ratio of lung cancer mortality

Country Start point End point

Year of diagnosis Sex ratio Year of diagnosis Sex ratio

Spain 2000 9.53 2015 4.27
Estonia 2000 8.82 2016 4.16
Lithuania 2000 10.07 2017 5.51
Latvia 2000 9.44 2015 5.00
Cyprus 2004 6.65 2016 3.08
Slovakia 2000 7.25 2014 3.93
France 2000 6.06 2014 2.91
Belgium 2000 5.37 2016 2.41
Poland 2000 5.32 2016 2.80
Czech Republic 2000 4.91 2017 2.43
Croatia 2000 5.92 2016 3.54
Italy 2000 5.35 2015 2.97
Slovenia 2000 4.94 2015 2.74
Greece 2000 6.39 2016 4.26
Germany 2000 3.82 2016 1.99
Romania 2000 5.85 2017 4.05
Finland 2000 4.06 2016 2.31
Netherlands 2000 3.14 2016 1.54
Hungary 2000 3.65 2017 2.08
Portugal 2000 5.45 2016 4.06
Austria 2000 3.15 2017 1.92
Bulgaria 2000 5.62 2015 4.40
Ireland 2000 2.13 2015 1.52
UK 2001 1.96 2016 1.39
Denmark 2000 1.63 2015 1.13
Sweden 2000 1.58 2016 1.10
USA# 2000 1.86 2017 1.45

#: USA data is standardised based on the US population. CDC WONDER database is used for data collection in
the USA.
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mortality rates, incorporated cancer registries late as compared to other countries like Denmark (1982) and
Sweden (1958), which have low mortality rates. Furthermore, we saw that Baltic countries like Lithuania
(1993) and Latvia (2000) also started their registries later. Newer treatment modalities, including
immunomodulators, have become a feature of lung cancer therapy since 2014 and have resulted in
improvements in mortality, with further data pertaining to the impact of these novel therapies awaited [19].

The tobacco epidemic has remained closely associated with the incidence and mortality of lung cancer and
has been a focus of considerable attention and intervention. Population-level efforts to reduce smoking
prevalence have also been shown to contribute to reductions in lung cancer mortality [20], and peaks in
lung cancer mortality have mirrored the smoking epidemic [20]. European countries have started
implementing policies for outdoor smoking as well, although the majority of these laws have failed to
implement smoke-free outdoor areas. A few countries adopted these policies earlier [21]. Countries with
higher mortality rates like Hungary (ASDR of 64.5 for males and 31 for females), Croatia (54.8 for males,
30.6 for females), Poland (53 for males, 18.9 for females), Greece (50 for males,11.8 for females) and
Romania (47.5 for males,11.7 for females) still do not have policies for a ban on outdoor smoking [22].
Currently, Sweden is one of the only countries in Europe with a complete ban on outdoor smoking that
has very low mortality rates (17.3 for males, 7.6 for females) [22].Countries with a high Human
Development Index with early initiatives to reduce smoking prevalence have shown a steady reduction in
lung cancer [23]. Interestingly, these same countries have also observed a disparity in smoking cessation
by sex [20], which may contribute to the differential lung cancer mortality trends observed among men
and women in the present analysis.

More recently, lung cancer screening has contributed to improvements in the diagnosis of early-stage lung
cancer [24]. Large population screening trials in the USA and Europe have highlighted the benefits of lung
cancer screening on mortality rates and have also demonstrated important sex disparities. The National
Lung Screening Trial (NLST) carried out in the USA compared low-dose computed tomography (LDCT)
scanning versus chest radiography in high-risk individuals, reporting a 20% reduction in lung cancer
mortality for LDCT-screened participants, leading to a grade B recommendation from the US Preventive
Services Task Force in 2013 indicating high certainty that there will be moderate net benefit [25]. At the
same time, the NELSON trial in Europe also showed that the cumulative rate ratio for death from lung
cancer at 10 years was 0.76 (95% CI 0.61–0.94; p=0.01) in the screening group [26]. German Lung
Cancer Screening Intervention (LUSI) results were also in line with these results with a HR of 0.74 (95%
CI 0.46–1.19; p=0.21) [27]. The evidence supporting the benefits of screening for lung cancer outcomes
has led the European Round Table to recommend that all National Healthcare policymakers implement
lung cancer screening in Europe. We will be able to study its effects on the general population in the
coming decade [28].

Also, socioeconomic disparities are associated with a more delayed diagnosis, which plays a significant
role in the outcomes of lung cancer. It is also linked with decreased chances of receiving treatment [29].
When healthcare costs per person for lung cancer were compared among different European countries in
2009, it was found that countries like Hungary (EUR 4) and Poland (EUR 5) are spending less as
compared to the EU average (EUR 8) or Sweden (EUR 8) [30]. When comparing the USA and western
Europe between 1982 and 2010, the cost of lung cancer care exceeded that in Europe by USD 406 billion.
Despite that, the USA still had a high ASDR. Analysis showed that higher spending in cancer care could
reduce death rates for breast, prostate and colorectal cancer but had no effect on lung cancer rates [31].
This suggests that higher spending alone cannot decrease mortality, and there needs to be a multifactorial
approach.

The gender gaps
We also observed that the overall male-to-female ratio steadily decreased in all the countries throughout the
observation period. Various plausible explanations exist, including the smoking pandemic [32]. In most
countries, female smoking has lagged behind male smoking, and so have the resulting mortality peaks due
to earlier cultural prohibition [20]. This has caused smoking rates in older women to continue to rise for
most countries in Europe, with its corresponding impact on lung cancer mortality [33, 34]. In the USA, the
smoking incidence has decreased in both males and females. The decline is comparatively slower in
females, which can be correlated to a late decline in female mortality trend compared to males in our study [32].
It has also been found that women might be more susceptible to carcinogens in cigarettes [35, 36]. The
gastrin-releasing peptide receptor gene found on the X chromosome has been linked with proliferation of
bronchial cells when activated. This gene is activated more often and earlier in females when exposed to
carcinogens due to smoking [37].
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A recent study reported the unique finding that females were 36% less likely to discuss lung cancer
screening with their healthcare provider than males [38]. Various trials have shown encouraging results to
promote lung cancer screening in females. The NLST reported minor evidence of differential benefit in
females with lower relative risks for small cell and squamous cell carcinoma in females on early
detection [39]. At the same time, subgroup analysis of the NELSON trial of Europe identified screening to
be more effective at decreasing mortality in high-risk females (HR 0.39–0.61) than in males (HR 0.59–0.91)
over 10 years [26]. The German LUSI study reported up to 69% reduction in lung cancer mortality among
females (HR 0.31; 95% CI 0.10–0.96), as compared to 6% in males (HR 0.94; 95% CI 0.54–1.61) [27].
The PLCO trial involving 77 911 females demonstrated a protective effect of hormone replacement therapy
against lung cancer development and mortality [40]. Efforts are now needed to increase awareness among
women.

The Baltics
As seen in figures 2 and 3, Lithuania, Latvia and Estonia had fluctuations in trends in mortality rates.
Various plausible explanations exist. Baltic states have unique environmental exposure due to the
Chernobyl effect. These countries have a population that was directly exposed to radiation, with
documented effects [41], which may predispose them to other types of cancer (i.e. thyroid) rather than
lung [42]. The analyses on this matter are beyond the scope of this paper, but it still represents a caveat
when interpreting the results [35, 42]. Similar to the Baltics, Portugal and Cyprus showed an increasing
trend. An analysis from 2009 showed that Portugal was still entering the third stage of the smoking
epidemic [43]. Also, other cancers, such as colorectal, breast and prostate, are more prevalent in Portugal
than lung cancer [44]. Therefore, a strategic approach might be needed in managing lung cancer mortality
in a similar way to other cancers. Similarly, in the Baltic countries, more awareness exists for thyroid
cancer screening than other cancers [41]. A unified approach to all cancers is needed for these countries.

Strengths and limitations
The strengths of this investigation include the use of annual mortality data collected from national
surveillance statistics from the WHO and the CDC. These data have made it possible to assess
population-level trends over an extended observation period, allowing comparisons in trends rather than
absolute annual mortality rates. Despite this study’s strengths, there are a number of limitations that should
be considered when interpreting the results. The US ASDRs were based on the US Standard Population,
whereas the World Standard Population was utilised for the ASDR calculation for European nations.
Therefore, these results cannot be directly compared. However, one notable strength of using longitudinal
data is commenting on overall trends within individual countries after standardisation and reporting these
differences between health systems. Second, we did not attempt to assess the prevalence of morbidity
associated with lung cancer as our primary aim was to better understand changes in mortality trends; there
may be substantial differences in the prevalence of lung cancer between countries that we cannot elucidate
in this current report. Third, we combined subtypes of lung cancer in our findings as mortality data are not
recorded separately for each pathological subtype. It is also found that the number of deaths from lung
cancer nationally in the USA was lower than that reported by death certificate data [32]. Finally, as with
any observational study, causal statements regarding the observed trends cannot be made. The discussion is
provided to assist future researchers, policymakers and public health experts in focusing their efforts.

Conclusion
This report reveals decreasing trends in lung cancer mortality in Europe and the USA for men between
2000 and 2017. For women, many European countries demonstrate a gradually rising trend in lung cancer
mortality over the same time period. There is a persistent but decreasing sex-mortality gap across Europe
and the USA. Future efforts should be targeted at aligning policy and public health interventions to further
guide implementation strategies for cancer registries, smoking cessation programmes and large-scale lung
cancer screening with gender equity in mind.
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