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ABSTRACT

Introduction: Lung cancer accounts for
approximately 20% of all cancer-related deaths
and for the loss of 3.2 million disability-ad-
justed life years (DALYs) annually across Eur-
ope. The present study investigated the
productivity losses resulting from premature
deaths due to lung cancer in four European
countries.
Methods: The human capital approach (HCA)
was used to estimate indirect cost of produc-
tivity losses due to premature death due to lung
cancer (ICD-10 codes C33–34 malignant

neoplasm of trachea, bronchus, and lung) in
Belgium, the Netherlands, Norway, and Poland.
Years of productive life lost (YPLL) and present
value of future lost productivity (PVFLP) were
calculated using national age-specific mortality,
wages, and employment rates. Data were
sourced from the World Health Organization,
Eurostat, and the World Bank.
Results: In 2019, there were 41,468 lung cancer
deaths in the included countries resulting in
59,246 YPLL and more than €981 million in
productivity losses due to premature mortality.
From 2010 to 2015, the PVFLP of lung cancer
decreased by 14% in Belgium, 13% in the
Netherlands, 33% in Norway, and 19% in
Poland. From 2015 to 2019, the PVFLP of lung
cancer decreased by 26% in Belgium, 27% in the
Netherlands, 14% in Norway, and 38% in
Poland.
Conclusion: The results from this study illus-
trate a decreasing trend in productivity costs of
premature mortality due to lung cancer, as
illustrated by the decreasing PVFLP between
2010 and 2019. This trend could be driven by a
shift in the distribution of deaths towards older
age groups due to advancements in the pre-
ventative and treatment landscape. These
results provide an economic measure of the
lung cancer burden which may assist decision-
makers in allocating scarce resources amongst
competing priorities in the included countries.
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Key Summary Points

Why carry out this study?

Lung cancer has a high mortality rate
(20% of cancer-related deaths) and a high
patient burden (3.2 million disability-
adjusted life years annually in Europe)
which results in substantial productivity
costs.

What was learned from the study?

The results from this study illustrate a
decreasing trend in productivity costs of
premature mortality due to lung cancer, as
illustrated by the decreasing present value
of future lost productivity (PVFLP)
between 2010 and 2019.

The overall reduction in productivity
losses due to lung cancer deaths from
2010 to 2019 was 40% (approximately
€644 million).

The indirect costs of lung cancer still
remain very high.

INTRODUCTION

Malignant neoplasms of the lung describe can-
cers which form in the lung tissue, usually in
the cells lining the air passage. Primary lung
cancers are divided into two main groups: small
cell lung cancer (SCLC) and non-small cell lung
cancer (NSCLC), the latter accounting for 85%
of lung tumors [1]. Although NSCLC is more
common, SCLC is more aggressive and rapidly
spreads to other organs [2]. According to the
World Health Organization (WHO), lung cancer
is the second most common type of cancer
worldwide with 2.21 million new cases and 1.8
million deaths reported in 2020 [3]. A study on
the European cancer burden estimated 480,000
new cases of lung cancer in 2020 with more

than 380,000 deaths [4]. With 1.9 million can-
cer-related deaths in 2020, lung cancer deaths
accounted for approximately 20% of these total
deaths [4]. According to the European Cancer
Information System (ECIS), lung cancer is
expected to continue to be the leading cause of
cancer deaths in Europe [5].

Since the 1950s, it has been widely accepted
that smoking is strongly correlated with lung
cancer [6]. Not only does smoking increase the
risk of lung cancer but it has also been shown to
negatively impact cancer treatment outcomes
through reduced survival, greater symptom
burden, and increased probability of recurrence
[7]. While tobacco control and smoking cessa-
tion policies are helping to reduce the mortality
rate of lung cancer, smoking prevalence pat-
terns and tobacco control policies vary across
countries in Europe. In 2019, the smoking rates
were 14.6% in Belgium and Netherlands, 18.1%
in Norway, and 10.2% in Poland [8].

The high premature mortality rate seen in
lung cancer outlined above could result in
substantial loss in productivity. In Europe
alone, lost productivity costs due to premature
cancer-related mortality were estimated to be
more than €75 billion in 2014, with the average
cost of lost productivity per premature cancer
death in Europe estimated at €219,241 [9].
According to a 2018 study, premature death
from lung cancer alone resulted in a produc-
tivity loss of €21.7 billion in 31 European
countries [10].

Premature mortality costs should be an
important part of the overall cancer burden to
shape cancer control plans by policymakers.
This is because crude and age-adjusted mortality
rates alone do not reflect temporal changes in
mortality, primarily as these measures fail to
account for the fact that death rates rise sharply
with age. This is particularly important with
lung cancer deaths where there is a strong cor-
relation between mortality and age with
approximately 50% of deaths occurring in
patients aged 75 and over [11].

Therefore, in this study, we investigated the
productivity losses due to premature deaths due
to lung cancer, and restricted our analysis to
four countries of interest—Belgium, the
Netherlands, Norway, and Poland—as these
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countries represent a reasonable spread across
different regions within Europe to test the
consistency of trends. Additionally, to our
knowledge, this is the first study that evaluates
quantitatively the cost of lost productivity in
lung cancer in these countries. More specifi-
cally, this study investigated years of productive
life lost (YPLL), years of life lost (YLL), and
present value of future lost productivity (PVFLP)
due to premature mortality from lung cancer
using mortality data from three timepoints
(2010, 2015, and 2019). YLL and YPLL are
measures of premature mortality which are
particularly important when measuring societal
burden of early death in the population [12]. In
contrast to mortality rates which simply mea-
sure the number of deaths in the population,
YLL and YPLL give more weight to deaths
occurring in the younger population and
should be considered by decision-makers when
allocating scarce healthcare resources [12]. For
this reason, YLL and YPLL are increasingly
favored over crude and age-adjusted death rates
when establishing public health priorities
[13, 14].

Within the model, productivity loss is
defined as loss of earnings caused by premature
mortality due to lung cancer as this could rep-
resent the economic loss to society. As such, the
results from this analysis may be used to inform
priority setting for cancer control by decision-
makers.

METHODS

Model Structure

The human capital approach (HCA) was used to
estimate productivity losses due to premature
death from lung cancer (ICD-10 code C33–34)
in Belgium, the Netherlands, Norway, and
Poland. These countries were studied as they
cover a range of different populations in Eur-
ope. The model has three main outcomes of
interest: YLL, YPLL, and PVFLP. The model cal-
culated these outcomes independently for each
country to ensure disaggregated results were
available. To calculate these outcomes, the
analysis adopted a lifetime horizon and a

societal perspective. Direct costs, such as treat-
ment costs, were not considered as patients
only entered the model at death.

Data inputs for this model were taken from
the WHO, Eurostat, and the World Bank. The
model uses Eurostat mortality data of patients
with lung cancer who died in a single year
(2010, 2015, and 2019), stratified by age groups
to reflect age groups in the Eurostat database:
0–14, 15–39, 40–44, 45–49, 50–54, 55–59,
60–64, 65–69, and 70? years old [15]. When
YLL was calculated, deaths across all age cate-
gories were considered; however, the years of
life lost after the retirement age were not
included in the YPLL and PVFLP calculations as
productivity losses are not incurred after retire-
ment. The default model retirement ages are
country- and gender-specific. Although PVFLP
calculations only considered patients with lung
cancer before the retirement age, the total
mortality was obtained by summing the num-
ber of deaths across all the age groups in the
Eurostat database. For each cancer-related
death, the model used national life expectancy
estimates to calculate the YLL (Fig. 1).

Model Calculations

To calculate YLL, YPLL, and PVFLP, the model
first estimated expected life years remaining and
expected productive life years remaining using
the following formulae:

Expected life years remaining

¼
XI

i¼1

life expectancyð Þ

� mid point of age categoryð Þ

Expected productive life years remaining

¼
XI

i¼1

retirement ageð Þ

� mid point of age categoryð Þ

where i = 1, 2, 3…I are population age groups
used in the model.
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Years of Life Lost

YLL is a measure of premature mortality that
considers both the frequency of deaths and the
age at which death occurs. In the model, YLL for
the population is calculated by multiplying the
number of deaths by the expected life years
remaining for an individual using the following
formula:

YLL ¼
XI

i¼1

number of lung cancer deathsi
� �

� expected life years remainingð Þ

where i = 1, 2, 3…I are population age groups
used in the model.

YPLL is an estimate of the average years a
person would have been in productive
employment (defined in this model as earning a
wage) had they not died prematurely of lung
cancer, aggregated for the whole population
who died of lung cancer in 1 year. It was
assumed that the population would be in
employment until the retirement age (unem-
ployment is also taken into account throughout
life), after which all labor participation ceases.
In the model, YPLL is calculated using the fol-
lowing formula:

YPLL ¼
XI

i¼1

YLLi
� �

� expected productive life years remaining

expected life years remaining

� �

where i = 1, 2, 3…I are population age groups
(see Sect. ‘‘Epidemiological Inputs’’ for more
detail).

Present Value of Future Lost Productivity

In the model, PVFLP was calculated in two
steps. The model first calculated the PVFLP (per
person) by multiplying the productive life years
remaining by country-, age-, and gender-speci-
fic annual wages (productive life years refer to
those in employment, i.e., before the retirement
age). The model then calculated the PVFLP (per
country) by multiplying the PVFLP (per person)
by the age-specific mortality data.

PVFLP was corrected for country-level
unemployment rates (using labor force partici-
pation as a measure of unemployment in the
base case) to reflect the actual labor force char-
acteristics. Annual earnings were discounted to
obtain the present value of future earnings. A
discount rate of 3% was applied annually to
account for the depreciation in value of money
further into the future. This is crucial to account

Fig. 1 Model schematic illustrating years of life lost
(YLL), years of productive life lost (YPLL), and present
value of future lost productivity (PVFLP) calculations in

the model. This was adapted with permission from
Bencina et al., Lost productivity due to head and neck
cancer mortality in Hungary, Poland, and Romania [16]
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for the impact of time on how economic inputs
are valued in the model.

Per person PVFLP was estimated using the
following formula:

PVFLP ¼
XI

i¼1

YPLLi
� �

� discounted annual earningsi
� �

� 1 � labor force participationi
� �

where i = 1, 2, 3…I are population age groups.
Secondly, the per person PVFLP was multi-

plied by the age-specific mortality data to
obtain a per country PVFLP estimate.

PVFLP ¼
XI

i¼1

YPLLi
� �

� PVFLP per personi
� �

� number of lung cancer deathsi
� �

where i = 1, 2, 3…I are population age groups.
The model used data from three different

years (2010, 2015, and 2019) and calculated the
outcomes for each timepoint separately using
the calculations outlined above.

Inputs and Assumptions

The model included epidemiological data to
estimate YLL and YPLL and economic inputs to
estimate PVFLP [15, 17–20].

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. Ethics approval was not
required for this study as all data was available
in the public domain. The data sets analyzed
during the current study are available in the
EUROSTAT repository, https://protect-eu.mime
cast.com/s/zd-2C2g5kcVPq78zI10t9g?domain=
ec.europa.eu.

Epidemiological Inputs

Epidemiological inputs included mortality data
and life expectancy. Mortality data were derived
from the Eurostat database, stratified by coun-
try, age group, gender, and cancer subtype (refer

to Supplementary Material Tables 2–4). Mortal-
ity was assumed to be uniformly distributed
within each age group.

Life expectancy data were used to determine
the remaining years of life left at the age
patients die of lung cancer. Country and sex-
specific life expectancy estimates were sourced
from the World Bank [17, 18] (refer to Supple-
mentary Material Tables 5–7).

Economic Inputs

The model used economic inputs including
mean annual earnings and labor force partici-
pation to estimate the PVFLP. The most recent
available data before 2020 was used to account
for the impact that COVID-19 has had on the
labor market and annual earnings. Mean annual
earnings (refer to Supplementary Material
Tables 8 and 9) were reported in euros and labor
force participation rates (refer to Supplementary
Material Table 11) as percentages. Costs that
could have been incurred (e.g., future medical
costs) were not considered as these are not
associated with productivity losses.

Eurostat was used for mean annual earnings
[15], gross domestic product (GDP) [21],
unemployment rates [22], and labor force par-
ticipation rates [20]. Mean annual earnings by
age and sex were used in the base case and were
estimated as an average of 29 statistical classi-
fications of economic activities in the European
Union (EU). Where the age categories in the
Eurostat database did not correspond to the age
categories used in the model, a weighted aver-
age was used to populate the model. For
instance, for the 15–39 years age category, a
weighted average of the ‘‘less than 30’’ and the
‘‘30–49 years’’ age categories from the Eurostat
data were taken.

Although GDP provides a lower estimation
of PVFLP, annual earnings were used in the base
case as by definition GDP per capita is the GDP
of a country divided its total population. As
such, if GDP is used as a measure of income for
the working population, it will be an underes-
timation of their true productivity, as it also
includes those who are not working. So, while it
is not the most conservative assumption in
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terms of PVFLP, it is a more realistic assump-
tion. In the model, individuals in the 0–14 age
category were assumed to have a wage of zero.
This assumption was based on the age category
splits in the Eurostat mortality data where the
model assumes the youngest age category
(0–14) are unemployed but does not try to
assume further splits in employment status in
the next age category (15–39).

Unemployment rates represent the percent-
age of people within the labor force who are
currently unemployed whereas the labor force
participation rate considers everyone in the
labor force including those who are currently
unemployed but actively seeking employment.
Labor force participation rates were included in
the PVFLP calculations in the base case as this
provides a more conservative estimate of pro-
ductivity losses when compared to using
unemployment rates. Country-level labor force
participation rates were 54% for Belgium, 65%
for Netherlands, 64% for Norway, and 56% for
Poland. Labor force participation was assumed
to remain constant until the retirement age, as
the data source used to populate the model
assumes a constant labor force participation rate
across the population. As such, these rates were
only applied to the working-age population,
assumed to be 15? in this model.

Sensitivity Analysis and Scenario Analysis

Deterministic sensitivity analysis (DSA) was
used to determine the sensitivity of results to

variations in inputs, namely mortality, life
expectancy, retirement age, measures of
income, and measures of unemployment. The
univariate DSA varied parameters by a default
range of ± 10%.

Scenario analyses included the use of alter-
native input sources for key data values. GDP
per capita by country [8] were used in place of
annual earnings, and unemployment rate [8], in
place of labor force participation. It was
assumed that GDP per capita was equal across
age groups whereas unemployment rates were
age-specific.

RESULTS

For deaths recorded in 2010, there was a total of
41,475 deaths, 429,456 YLL and 105,238 YPLL
in 2010 mortality from lung cancer in the four
countries investigated (Table 1). Total PVFLP in
2010 was €1,626,119,115 across these four
countries.

In 2010, Norway had the lowest lung cancer
mortality rate of the four countries. In 2010,
Norway had a lung cancer crude mortality rate
of 0.044%, compared to 0.062%, 0.061% and
0.059% in Belgium, Netherlands, and Poland
respectively.

For 2015, there was a total of 42,708 deaths,
458,933 YLL and 84,322 YPLL in a single year’s
mortality from lung cancer in the four countries
investigated (Table 2). Total PVFLP in 2015 was
€1,376,127,018 across these four countries.

Table 1 Number of deaths, mortality rate, YLL, YPLL, PVFLP, and PVFLP/deaths by country in 2010

Country Number of deaths Crude mortality (%) YLL YPLL PVFLP (€) PVFLP
(€)/lung
cancer death

Belgium 6720 0.062 73,910 16,380 377,965,595 56,245

Netherlands 10,214 0.061 119,589 29,832 798,327,481 78,160

Norway 2167 0.044 24,316 2519 66,574,604 30,722

Poland 22,374 0.059 211,641 56,508 383,251,436 17,129

All countries 41,475 – 429,456 105,238 1,626,119,115 39,207*

YLL years of life lost, YPLL years of productive life lost, PVFLP present value of future lost productivity
*This is the average PVFLP/lung cancer death for the four countries included in the analysis
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In 2015, Norway had the lowest lung cancer
mortality rate of the four countries. Norway had
a lung cancer mortality rate of 0.042%, com-
pared to 0.056%, 0.062%, and 0.063% in Bel-
gium, Netherlands, and Poland, respectively.

A small reduction in the total number of
deaths from lung cancer was observed in Bel-
gium (6% reduction) and Norway (0.32%
reduction) from 2010 to 2015. In 2015,
Netherlands and Poland saw an increase in the
number of lung cancer deaths compared to
2010 (although less than 10% in each country);
however, population growth also occurred in all
four countries. Despite this increase in the
number of lung cancer deaths in Netherlands
and Poland, YPLL decreased in each country
compared to 2010 as the deaths were occurring
in an older age group. The same trend was
observed with PVFLP.

In 2019, there were 41,468 deaths, 452,413
YLL, and 59,246 YPLL in a single year’s mor-
tality from lung cancer in the four countries
investigated (Table 3). Total PVFLP in 2019 was
€981,973,042 across these four countries.

Lung cancer deaths decreased in 2019 com-
pared to 2015 across the four countries. In 2019,
the lung cancer mortality rate was 0.051%,
0.059%, 0.040%, and 0.061% in Belgium,
Netherlands, Norway, and Poland, respectively.

The results of the analysis illustrate an over-
all stable trend in the number of deaths and
YLL; however, a decreasing trend in YPLL and
PVFLP is observed over time. The decrease in
YPLL and PVFLP is a result of the shift in pop-
ulation demographics and a greater proportion
of deaths occurring in the older population who
are retired (Supplementary Material Tables 2
and 4). The model estimated that the PVFLP
associated with premature mortality due to lung

Table 3 Number of deaths, mortality rate, YLL, YPLL, PVFLP, and PVFLP/deaths by country in 2019

Country Number of deaths Crude mortality (%) YLL YPLL PVFLP (€) PVFLP
(€)/lung cancer death

Belgium 5910 0.051 67,791 10,010 242,761,058 41,076

Netherlands 10,261 0.059 126,720 19,393 509,070,690 49,612

Norway 2151 0.040 23,784 1455 38,739,430 18,010

Poland 23,146 0.061 234,119 28,387 191,401,864 8269

All countries 41,468 – 452,413 59,246 981,973,042 23,680*

YLL years of life lost, YPLL years of productive life lost, PVFLP present value of future lost productivity
*This is the average PVFLP/lung cancer death for the four countries included in the analysis

Table 2 Number of deaths, mortality rate, YLL, YPLL, PVFLP, and PVFLP/deaths by country in 2015

Country Number of deaths Crude mortality (%) YLL YPLL PVFLP (€) PVFLP
(€)/lung
cancer death

Belgium 6318 0.056 72,413 13,408 326,873,636 51,737

Netherlands 10,461 0.062 123,329 24,337 694,137,181 66,355

Norway 2174 0.042 25,261 1639 44,897,159 20,652

Poland 23,755 0.063 237,929 44,938 310,219,043 13,059

All countries 42,708 – 458,933 84,322 1,376,127,018 32,222*

YLL years of life lost, YPLL years of productive life lost, PVFLP present value of future lost productivity
*This is the average PVFLP/lung cancer death for the four countries included in the analysis
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cancer in the four countries in 1 year exceeded
€1.6 billion in 2010 and €1.3 billion in 2015,
while in 2019, productivity losses were esti-
mated to be approximately €982 million.

Considering the total number of deaths
across the four countries, this resulted in an
average premature mortality cost per lung can-
cer-related death of €39,207, €32,222, and
€23,680 in 2010, 2015, and 2019, respectively.
There was therefore a 40% reduction in the
PVFLP per lung cancer death from 2010 to 2019
(18% reduction from 2010 to 2015 and 27%
reduction from 2015 to 2019). Of the three
countries investigated, Poland had the highest
YPLL across the three timepoints. Despite this,
Netherlands reported the highest PVFLP across
the three timepoints reflective of the higher
annual earnings of the population (refer to
Supplementary Material Tables 8 and 9).

As expected, the DSA (Fig. 2) showed that the
PVFLP for lung cancer-related deaths was most

sensitive to changes in the retirement age. This
is because the decreasing trend in PVFLP
observed is due to a large proportion of deaths
occurring in the older population who are
retired. This was observed across the three
timepoints investigated. No change in results
was observed when mortality or life expectancy
were varied, for two reasons: when mortality is
increased by a range of ± 10%, costs and deaths
are also increased proportionally and therefore
no impact is seen in results; secondly, even
when life expectancy is increased by a range of
± 10%, it never drops below the retirement age
and therefore it does not change the impact on
the YPLL and hence the PVFLP. PVFLP estimates
at the lower and upper values of the input
parameters varied for the three timepoints are
shown in Table 4.

A scenario analysis using GDP and unem-
ployment rate resulted in a higher PVFLP com-
pared to the base case model settings which

Fig. 2 Tornado diagram illustrating the annual present value of future lost productivity (PVFLP) per death at lower and at
higher value of parameter (2019 timepoint)
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used annual earnings and labor for participation
to calculate PVFLP. In 2019, PVFLP across the
four countries exceeded €1.4 billion when using
the alternative inputs, as opposed to €982 mil-
lion in the base case. Nonetheless, the same
decreasing trend was still observed from 2010 to
2015 to 2019. Results by country in the base
case compared to scenario analysis for the three
timepoints are presented in the Table 5.

DISCUSSION

On the basis of this analysis, a total of 41,475
deaths from lung cancer were reported in Bel-
gium, Netherlands, Norway, and Poland in
2010. A small reduction in the total number of
deaths was observed in 2019 compared to 2010
(an overall 3% decrease). Of the three countries,
Poland reported the highest absolute number of

total deaths across the three timepoints, reflec-
tive of its large population size; however, pop-
ulation-adjusted rates were similar across the
four countries [23]. On the basis of these mor-
tality data, 429,456 years of life across the four
countries were lost in 2010 and 452,413 in
2019. Although the analysis showed an increase
(approximately 5%) in YLL from 2010 to 2019
across the four countries, the trends observed
per country were variable, whereby Belgium and
Norway showed a decrease in YLL compared to
Netherlands and Poland where an increase was
observed. This is due to the nature of the
country-specific mortality data used in the
model and the shift in population demograph-
ics across the countries, including increased life
expectancy in Netherlands and Poland com-
pared to Belgium and Norway. Despite this
small increase in YLL, a 44% reduction in YPLL
was observed from 2010 to 2019 across the four

Table 4 PVFLP (€) results at the lower and upper values of the input parameters

Parameter PVFLP at
lower value
2010 (€)

PVFLP at
upper value
2010 (€)

PVFLP at
lower value
2015 (€)

PVFLP at
upper value
2015 (€)

PVFLP at
lower value
2019 (€)

PVFLP at
upper value
2019 (€)

Retirement age 80,084 17,482 70,954 12,736 54,643 9077

Average earnings 43,128 35,286 34,462 28,196 25,187 20,608

Unemployment

rate

43,128 35,286 34,462 28,196 25,187 20,608

Mortality 39,207 39,207 31,329 31,329 22,281 23,614

Life expectancy 39,207 39,207 31,329 31,329 22,898 22,898

PVFLP present value of future lost productivity

Table 5 PVFLP (€) results using labor force participation rates and GDP

Country Base case
2010

Scenario
2010

Base case
2015

Scenario
2015

Base case
2019

Scenario
2019

Belgium 377,965,595 529,204,149 326,873,636 454,777,994 242,761,058 338,248,120

Netherlands 798,327,481 1,063,916,595 694,137,181 930,834,579 509,070,690 745,259,663

Norway 66,574,604 140,370,467 44,897,159 94,300,836 38,739,430 80,590,790

Poland 383,251,436 659,577,139 310,219,043 530,783,007 191,401,864 333,329,507

All countries 1,626,119,115 2,393,068,351 1,376,127,018 2,010,696,415 981,973,042 1,497,428,080

PVFLP present value of future lost productivity

3064 Adv Ther (2023) 40:3056–3069



countries. This reduction in YPLL was observed
in each of the four countries included in the
analysis with a 39%, 35%, 42%, and 50%
reduction observed in Belgium, Netherlands,
Norway, and Poland, respectively. This trend is
observed because there is a shift in the distri-
bution of deaths towards people dying of lung
cancer at older ages, which are closer to retire-
ment and therefore have fewer productive years
remaining.

Consistent with the YPLL result, PVFLP
showed a decreasing trend from 2010 to 2015
(15% reduction) and 2015 to 2019 (29% reduc-
tion). The overall reduction in productivity
losses due to lung cancer deaths from 2010 to
2019 was 40%. Although there was a small
increase in the YLL from 2010 to 2019, the
considerable reduction in PVFLP is expected as
life expectancy increased between these two
timepoints and a higher number of deaths
occurred above the retirement age. Given that
PVFLP calculations give more weight to deaths
occurring prior to the retirement age, PVFLP
estimates were lower in 2019 compared to 2010.
This decreasing trend in PVFLP was observed
across each of the individual countries included
in the analysis. From 2010 to 2015, productivity
losses due to premature lung cancer mortality
decreased by 27% in Belgium, 13% in the
Netherlands, 31% in Norway, and 22% in
Poland. From 2015 to 2019, productivity losses
due to premature lung cancer mortality
decreased by 26% in Belgium, 27% in the
Netherlands, 15% in Norway, and 38% in
Poland. For example, in Belgium (total popula-
tion of 11.5 million people in 2019), on average
from 2015 to 2019, yearly savings in indirect
costs of lung cancer amounted to almost €17
million.

An observational analysis on lung cancer
mortality in Europe and the USA between 2000
and 2017 demonstrated a decreasing trend in
lung cancer mortality in male individuals
whereas an increase in lung cancer mortality
was observed in female individuals in many of
the EU countries investigated. Despite lung
cancer mortality rates being higher in male
individuals, the death rates are decreasing at a
faster rate in male compared to female individ-
uals [24]. This could be partially driven by the

larger reduction in smoking rates in male com-
pared to female individuals, as smoking is the
single most well established risk factor for lung
cancer, accounting for 90% of cases [25]. Given
these statistics, measures aimed at reducing
tobacco consumption including optimizing
tobacco control campaigns and the banning of
flavored cigarettes could play a crucial role in
reducing lung cancer mortality.

Improvements in diagnostic techniques and
advancements in the treatment landscape could
also be major contributing factors to the
decreasing trend in PVFLP between 2010 and
2019 illustrated in this study. Analyses of 5-year
survival rates have demonstrated improvements
in many cancer types in Europe between 1995
and 2014 [26, 27]. This improvement has been
seen alongside the approval of several treatment
options for patients with lung cancer including
approvals for the use of immunotherapy as a
first-line treatment, particularly for the treat-
ment of NSCLC [28]. In 2015, the Food and
Drug Administration (FDA) approved the first
immunotherapy for the treatment of NSCLC
[28] and in 2018, for the treatment of SCLC.
From 2015 to 2019, there was a 4–5% annual
decrease in mortality rates in lung cancer in the
USA [29]. The research indicates that this
decline in mortality is due to the reduction in
smoking rates and the advancements in diag-
nostic processes and treatment options [29].
These results align with the findings of our
study where a small reduction in mortality rates
was observed between 2015 and 2019 across the
four countries investigated. As the improved
patient outcomes observed with new treatments
have an impact on productivity losses in both
the short and longer term, it is important that
these treatments are utilized effectively.
Nonetheless, these new treatment modalities
typically require additional healthcare spend-
ing, and so priority setting for healthcare
spending is essential.

Across the three timepoints, the total PVFLP
was considerably higher in the scenario analysis
where unemployment rate and GDP were used
as inputs, suggesting a conservative approach in
the base case. Despite the conservative
approach adopted, the lost productivity losses
are still substantial thereby highlighting the
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high economic burden associated with lung
cancer in these countries. These results are
aligned with a study measuring societal burden
of cancer in 2008 which estimated lost pro-
ductivity of €17 billion due to premature lung
cancer-related mortality [9].

Earlier studies utilizing a similar methodol-
ogy have been conducted to illustrate the eco-
nomic burden associated with cancer [9, 10].
According to one study, productivity losses
amounted to €75 billion in 2008 in Europe
alone [9]. A more recent study (2018) on the
cost of cancers in Europe estimated a total pro-
ductivity loss of €70 billion (€50 billion due to
premature mortality and €20 billion due to
morbidity) [30]. These results align with this
study which suggests a decrease in the cost
associated with premature cancer mortality
with time.

A strength of this model was the approach to
developing quantifiable evidence of the societal
impact of lung cancer using reliable data sour-
ces. The model was based on publicly available
data sets, including the WHO, the Eurostat
database, and World Bank [31, 32]. Another
strength of the model was the use of consistent
data sources across the countries and time-
points to ensure internal validity. Additionally,
the model uses gender-specific retirement ages
and life expectancy inputs. This is particularly
important in lung cancer, as there are several
sex differences in lung cancer presentation
between male and female individuals including
a greater percentage of women in younger age
groups. As the results from this analysis may be
used to inform health policies in this area [33],
it was important that these factors were con-
sidered when estimating productivity losses in
the model.

Despite the robust modelling approach,
there remain several assumptions in relation to
the input parameters due to the complexity of
real-world data. Although differences in inputs
due to gender and age were incorporated in as
much detail as the data allowed in practice,
there may have been nuances which were not
captured. For instance, the model does not
account for the impact of sociodemographic
factors on disease incidence and burden.
Therefore, if lower income members of the

population have a higher incidence of lung
cancer, the model would have overestimated
the overall burden of the disease as the model
uses average earnings as a measure of income in
the base case setting. Additionally, variations in
lung cancer type which would likely have an
impact on productivity losses were not
accounted for in the model. A future study
could employ this methodology to stratify the
productivity losses by lung cancer subtype, e.g.,
SCLC and NSCLC, as this may provide greater
specificity to specific population preventative
policies.

This analysis did not model all costs associ-
ated with lung cancer. Firstly, direct costs to the
healthcare system, such as drug or surgery costs,
are not included, underestimating the overall
economic burden of lung cancer. A cost analysis
study on the economic burden of cancer across
the EU showed that cancer cost amounted to
€126 billion in 2009. Of this €126 billion,
healthcare costs accounted for €51 billion (40%)
[34]. Secondly, this analysis does not include
productivity losses due to lung cancer morbid-
ity. Morbidity in lung cancer has been shown to
have a large impact on productivity, as patients
experience long durations of sickness absence
with only 45% of patients fully returning to
work 2 years following diagnosis [35]. A study
on the impact of cancer diagnosis on worker
productivity found that 33% of patients with
NSCLC and 15% of caregivers left the workforce
post diagnosis [36]. Incorporating losses due to
patient and caregiver absenteeism would have
therefore increased the results in the long term.
Despite this, the lost productivity estimates
reported in this study are still high, illustrating
the substantial economic burden resulting from
lung cancer on both individuals and healthcare
systems. It is therefore important that studies
estimating the economic burden of lung cancer
include both direct and indirect costs. Addi-
tionally, a wider approach to indirect costs that
includes caregiver burden could be considered
in future studies to ensure the overall burden of
lung cancer is captured in the analysis to inform
effective allocation and prioritization of limited
healthcare budgets.

The model does not account for pension
savings due to premature mortality as this raises
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ethical questions. Moreover, the model does
not account for the fact that patients diagnosed
with lung cancer could be replaced in the
workforce, thereby overestimating the produc-
tivity losses resulting from the premature
deaths.

CONCLUSIONS

The results from this study illustrate a decreas-
ing trend in productivity costs of premature
mortality due to lung cancer as illustrated by
the PVFLP estimates between 2010 and 2019 in
Belgium, the Netherlands, Norway, and Poland,
highlighting the importance of policies and
treatment advances to decrease premature lung
cancer mortality, but that there is a long way to
go. These results provide an economic measure
of the lung cancer burden which may assist
decision-makers in allocating scarce resources
amongst competing priorities.
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