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ABSTRACT

Background: Lung cancer is the leading cause of cancer death worldwide, but the additional
economic burden regarding direct and indirect costs is largely unknown. This study provides
information on the economic consequences of lung cancer on a national level.

Methods: From the Danish National Patient Registry (NPR) and the Danish Civil Registration
System (CPR), 53,749 patients with lung cancer were identified and matched with 214,304
controls on age, gender, region of residence and marital status in the period 1998-2010. Direct
and indirect costs, health care contacts and frequency, medication and social transfer payments
were extracted from national databases.

Results: Direct health care cost were higher for lung cancer patients than controls both before
and after being diagnosed with lung cancer. At the year of diagnosis, health care cost peaked
with cost of €21,497 compared to €2,880 for controls. Average difference in income from
employment was €+3,118 in years prior to diagnosis and €+748 after diagnosis in favor of
controls. Average difference in total public transfer income was €+1,288 before and €+441
after diagnosis, with higher public transfer income for lung cancer patients.

Conclusion: For both genders, lung cancer was associated with significantly higher rates of
health-related costs, medication costs, public transfer income, social transfer payments and
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significantly lower income from employment until retirement (age 65).

Introduction

World-wide, lung cancer is an important public health
and economic burden with high mortality and morbid-
ity [1]. Lung cancer is the leading cause of cancer-
related death and the incidence of lung cancer has
rapidly increased since the beginning of the 20™ cen-
tury. Lung cancer accounts for 11.6% of the total can-
cer cases, but 18.4% of cancer deaths in 2018 in Europe
[1]. Lung cancer is currently the most frequent cancer
type in men, and is second to breast cancer in women
in Denmark [2].

Cost-of-illness studies are key to informing cost-
effectiveness evaluations, informing policy decisions
for cancer control and improving public health. The
burden of lung cancer on the health care system is
substantial and studies have demonstrated high health
care costs of lung cancer. Annual US direct costs of
lung cancer were estimated at 4.9 USD billion in 1996
[3], 3.35 USD billion in the European Union in 2011
[4] and accounts for estimated 20% of all cancer cost

[5]. Previous studies have been based on smaller sam-
ples and extrapolated to national and international
levels. Cost-of-illness studies measure the economic
burden resulting from disease and illness across
a defined population, and include direct and indirect
costs. Direct costs include hospitalization, outpatient
treatment and medication. Indirect costs represent the
value of economic resources lost because of disease-
related work disability or premature death. It is impor-
tant to distinguish costs from monetary transfer pay-
ments such as disability and welfare payments. These
payments represent a transfer of purchasing power to
the recipients from the general taxpayers, but do not
represent net increases in the use of resources and,
therefore, are not included in the total cost estimate.
In Denmark, government-funded public health-care
and individual-level linkage, have led to establishment
of longitudinal population-based national registries [6].
The extensive Danish registries provide unique possi-
bility to calculate direct and indirect cost of all lung
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cancer patients. A study of total cancer costs across the
European Union in 2009 found that the economic
burden of lung cancer in Denmark, was similar to the
average burden across the European Union [7]. Thus,
results from this study should be comparable to coun-
tries with similar health care systems.

We hypothesized, that a lung cancer diagnosis
would result in a significant increase in health-related
costs as well as significant changes in income from
employment as well as from public transfer compared
to matched controls. Our aim was to provide detailed
population-based estimates of the health system costs
for lung cancer care using linked patient-level data.
Since the included lung cancer patients are compared
to a control group, we estimated the incremental cost
of lung cancer on a national level, which has not pre-
viously been reported.

Methods

The National Patient Registry (NPR) is a time-based
national database that contains data from all in- and
outpatient contacts. In the NPR, all hospital contacts in
Denmark, including primary and secondary diagnoses
are registered. The NPR includes administrative infor-
mation, diagnoses, and diagnostic and treatment pro-
cedures using the International Statistical Classification
of Diseases and Related Health Problems 10" Revision
(ICD-10) [8]. All contacts to the primary sector (gen-
eral practice and specialist care) and the use of medica-
tions are recorded in the databases of the National
Health Security and the Danish Health and Medicines
Agency, respectively. We extracted the following first
time primary or secondary diagnoses from the NPR in
the time period 1998-2010: ‘C34 Malignant neoplasm
of bronchus and lung’. Data on the disease stage were
not available.

The Danish Civil Registration System (CPR) con-
tains data on all Danish citizens including social fac-
tors, employment status, income, marital status etc. by
linkage to the Danish Income Statistics [9]. From the
Danish Civil Registration System, each lung cancer
patient was matched with four controls of the same
gender, age and geographical area as the patient. The
14 Danish ‘amter’ were used as geographic units with
an average of 388.000 persons. Neither the NPR nor
any of the other national databases contains informa-
tion about smoking status. Social compensation was
performed by selecting control subjects residing in the
same area of the country as the patients and with the
same marital status. Municipal services such as care of
the elderly (home care nursing and general home care)
and municipal rehabilitation are not included as they

are paid by the municipals. At present it is not possible
to retrieve these data from any register. Patients and
matched controls who could not be identified in the
Income Statistics database were excluded.

Lung cancer patients and matched controls were fol-
lowed from 1998 to 2010 or until death. If a patient or
control was not present in the registry on 1** of January
each year due to death, imprisonment or immigration,
the corresponding controls or patient were not included
in the dataset for that year. If diagnosis of lung cancer of
any given individual was made in the first year (1998), we
were able to follow that individual 11 years forward in
time to see what happened after diagnosis. If a diagnosis
of lung cancer of any given individual was made in the
last year (2010), we were able to follow that individual
11 years backwards in time. If a diagnosis of lung cancer
of any given individual was made between the first and
the last year, we were able to follow that individual both
backwards and forward in time. Controls were equally
followed forwards and backwards in time from the
matched lung cancer patient diagnosis and this method
has previously been described [10-12].

The economic burden of lung cancer was estimated
by determining the annual costs per patient diagnosed
with lung cancer, which was then compared to the
average healthcare costs for the corresponding matched
controls. The health cost was then divided into annual
direct and indirect healthcare costs. Direct costs
included the average national costs of hospitalization
and outpatient treatment weighted by use, for separate
diagnosis-related groups (DRG). These costs were all
calculated from Danish Ministry of Health data using
DRG as average case-mix costs of hospitals or out-
patient costs updated on a yearly basis. The costs and
use of drugs were obtained from the Danish Health
and Medicines Agency consisting of the retail price of
each drug (including dispensing costs) multiplied by
the number of transactions. The costs and frequencies
of consultations with general practitioners and other
specialists were based on National Health Security data.
Indirect costs per patient and for the corresponding
matched controls included those related to reduced
unemployment benefits and to social transfer pay-
ments. In Denmark, social transfer payments comprise
income derived from government funds. These pay-
ments include pensions, social security, subsistence
allowances, social assistance, publicly funded personal
support for education, and others. Indirect costs were
based on income data from Income Statistics. Costs
were measured on a yearly basis and adjusted to 2010
prices using statistic Denmark’s general price index for
all costs. All costs were measured in DKK and con-
verted to Euros (€1:DKK 7.45).



Table 1. Health costs and income before and after diagnosis of
lung cancer for cases and controls. Yearly average costs per
person. N = summarized number of individuals x years
observed. P-value from bootstrapped t -test. The values given
are in euros (€).

Case Control  P-value
Before N 292,721 1,164,791

Outpatient treatment € 319 234 < 0.01
Inpatient treatment € 1,441 972 < 0.01
Medication € 604 464 < 0.01
Public health insurance € 294 281 < 0.01
Income from employment € 9,893 12,895 < 0.01
Public transfer income total € 12,117 10,886
Pension € 6,807 6,695 < 0.01
Other public transfers € 4,993 3,976 < 0.01
Sickpay (public funded) € 318 214 < 0.01
Direct health costs € 2,658 1,952
Indirect costs, foregone € 3,001

earnings
Sum of direct and indirect € 5,659 1,952

costs
Net costs € 3,707
Social transfer payments € 12117 10,886
Net costs including transfers € 4,939

After N 114,709 1,214,124

Outpatient treatment € 2,794 430 < 0.01
Inpatient treatment € 11,183 1,816 < 0.01
Medication € 1,049 622 < 0.01
Public health insurance € 439 362 < 0.01
Income from employment € 5,566 7,992 < 0.01
Public transfer income total € 11,426 12,816
Pension € 6,879 10,161 < 0.01
Other public transfers € 3,476 2,498 < 0.01
Sickpay (public funded) € 1,070 156 < 0.01
Direct health costs € 15464 3,229
Indirect costs, foregone € 2,425

earnings
Sum of direct and indirect € 17,889 3,229

costs
Net costs € 14,660
Social transfer payments € 11,426 12,816

Net costs including transfers € 13,270

Data were anonymized and neither ethical approval
or individual consent were required. Statistical analysis
was performed using SAS 9.1.3 (SAS, Inc., Cary, NC).
Statistical significance of the cost estimates was
assessed by nonparametric bootstrap analysis.
A significance level of 0.05 was assumed for all tests.

Results

We identified 53,749 patients with lung cancer form
the national databases (1998-2010). More than 99%
of the observations in the two groups were success-
fully matched. Age distribution, marital status, survi-
val and comorbidity of lung cancer patients and
matched controls have previously been published
[13]. Lung cancer was associated with significantly
higher rates of health care related costs, medication
use and lower income rates compared to the matched
control group before and increasingly so after being
diagnosed with lung cancer (Table 1). For both
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genders, lung cancer was associated with significantly
higher rates of public transfer income, social transfer
payment and significantly income from
employment until retirement age (65-years). Direct
health cost of lung cancer patients before being diag-
nosed with lung cancer was €2,658 (€1,952 for con-
trols), compared to €15,464 after diagnosis (€3,229 for
controls).

Total health expenses (costs related to outpatient
clinics, hospital, primary health care and medication)
before and after diagnosis of lung cancer compared
with controls are shown in Figure 1. The health-
related costs were higher for lung cancer patients
than for controls in the entire study period, including
prior to diagnosis of lung cancer. For lung cancer
patients, a peak in health-related costs was seen at the
time of diagnosis (€21,497 compared to €2,880 for
controls). After diagnosis the differences between lung
cancer patients and controls reduced. Caution is man-
datory when comparing one year with another in
Figure 1, as neighboring years are not identical.
At year —11, only lung cancer patients diagnosed in
2010 are present, year —10 patients diagnosed in 2009
and 2010 and so on.

Figure 2 displays total health care costs for lung
cancer patients and controls distributed by age and
gender. In the control group, health expenses grew
with age, whereas for lung cancer patients the costs
declined with age after 50 years of age.

The average income from employment was signifi-
cantly lower and the total public transfer income was
significantly higher among lung cancer patients com-
pared to controls — even 11 years before being diag-
nosed (Figure 3). The difference in income from
employment was stable until one year prior to diagno-
sis. Average difference in employment income between
cases and controls were €3,118 in years prior to being
diagnosed, and €748 after diagnosis with lung cancer,
in favour of controls. Average difference in total public
transfer income was €1,288 before and €441 after diag-
nosis, in favour of cases. Statistical calculations in sup-
plementary data.

lower

Discussion

The present study provides information on the incre-
mental health care cost of lung cancer patients on
average before and after being diagnosed with lung
cancer. Average total health-related costs were higher
for lung cancer patients both before and after being
diagnosed with lung cancer with an expected peak
around diagnosis and treatment. The total costs of
diagnosing and treating a person with lung cancer
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Figure 1. Total health expenses in euros (€) for lung cancer patients (cases — green) compared to controls (blue) before and after

being diagnosed with lung cancer.

was approximately €35,386 based on the excess costs
in year 0 and 1 as we assume that these were by far
attributable to lung cancer. Indirect costs were higher
for lung cancer patients than for controls throughout
the study period. For all ages and both genders, lung
cancer was associated with significantly higher rates of
health-related costs. Of greatest importance was infer-
ior employment income prior to being diagnosed with
lung cancer compared to the age- and gender matched,
but not socioeconomic matched controls.

Lung cancer has been found to constitute 15% of all
cancer costs in the European Union in 2008 in a large
study from national databases [7]. In-hospital treat-
ment constitutes the main part of the total health cost
before and after diagnosis. Direct costs have previously
been evaluated in several studies including European
studies. Migliorino et al. reported the direct cost of
treating a lung cancer patient with chemotherapy in
Italy over a 16-month period to be €25,859 (191
patients included) [14]. Furthermore, Andreas et al.
found the total direct cost to be €19,057 in France
(and lower in Germany and the UK) over 26-months
for stage IB-IIIA resected non-small cell lung cancer
(NSCLC), however only 306 patients were included
[15]. A retrospective questionnaire survey from China
report the average cost to be 42,540 USD per patient,
looking at 195 surviving lung cancer patients [16]. In
our study, all lung cancer patients at all staged were
included thus making it more comprehensive as well as

true nationwide and population based. Furthermore,
we estimate incremental health care costs over time
before and after being diagnosed. The Danish Center
for Health Economics has estimated the cost of cancer
in a Danish report over the same period in time and
found similar results; however, cost of medication not
provided by hospitals were not included [17]. A study
by Luengo-Fernandez et al. reported an incremental
cost of lung cancer of €8 per citizen in the European
Union compared to 10€ per citizen in Denmark [7].
Thus, the result of this study can be of value for other
similar countries as Danish lung cancer expenses are
comparable to other European countries. A few studies
have described incremental costs of lung cancer by
comparing to a matched control group. In Australia,
the healthcare system includes government-funded
universal coverage of many medical costs, however
less comprehensive than the Danish, and incremental
direct costs have been estimated at AU$51,944, exclud-
ing patients with previous cancer in their study [18].
This study reveals that lung cancer patients had
lower income from employment and higher public
transfer income several years prior to being diagnosed
with lung cancer. These differences might be partly
explained by smoking (and the comorbidities that fol-
low). This represents an important source of bias and
ideally, we would have adjusted for smoking status. We
found the average difference in employment income
between cases and controls less substantial after
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Figure 2. Health costs of lung cancer patients and controls in euros (€) distributed by age and gender.

diagnosis, where lung cancer patients had a higher
average employment income. As the control group is
getting older, a larger portion reached retirement age
and the differences evens out due to public pension
paid to all Danish citizens above 65 vyears.
Correspondingly, we found a reduction in the differ-
ence in public transfer income in favour of the lung
cancer patients, as a result of the control group receiv-
ing pension. Public funded sick pay was substantially
higher for lung cancer patients compared to controls
even before, but increasingly so after diagnosis. This
corresponds to lung cancer patients higher burden of
comorbidity [13,19,20].

Few studies have included indirect costs in eco-
nomic evaluations of lung cancer. A study from
Greece including 128 patients with lung cancer, who

were followed for 32 months, found a loss of produc-
tivity of 27,050 days for patients in total [21]. In a study
from Spain [22], productivity losses summed
€13.1 billion over a 10-year period. When evaluating
the economic burden of lung cancer, The European
Respiratory Society (ERS) reported a cost of 1,873,000
disability-adjusted life-years (DALYs) equivalent to
over €100 billion in disability and premature mortality.
A higher economic burden than in patients with
COPD - accounting for approximately €93 billion
a year [4]. However, in Denmark, where health care
is governmentally funded, the Health Authorities
reports the overall costs of lung cancer as being nega-
tive. As lung cancer patients die early, future health
care expenses and pensions are calculated as future
savings to the government [23].
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Figure 3. Income from employment and public transfer income in euros (€) before and after diagnosis of lung cancer for patients

(case — green) and controls (blue).

Strengths and limitations

This study has several important strengths. We used
data from large population-based registers for the
whole nation and over a 12-year period and matched
cases with four controls to give more robust results.
However, this epidemiologic study is exclusively based
on information from national databases leading to
some limitations and potential bias. In Denmark, the
ICD-10 classification is used only in the secondary
health-care sector. However, the vast majority of lung
cancer patients are diagnosed and primarily treated in
the secondary sector and classified by ICD-10. In this
study, all lung cancer patients were lumped together

without paying attention to disease stage as this infor-
mation was not included. Previous studies have found
that direct medical costs per patients with NSCLC
increases with disease stage [24,25] and with disease
progression [14]. The Danish Lung Cancer Registry
(DLCR) holds information on staging, histology, per-
formance-, and smoking status for most patients
[26,27], and linking the present work with this registry,
would have added valuable information. However, the
present study contains data on lung cancer patients
prior to the establishment of the DLCR. Marital status
and income were available, but degree of educational
level was not included in this study. Matching on



education or income, would have excluded a significant
number of cases and controls, due to missing informa-
tion. Van der Heyden et al. described important socio-
economic inequalities to exist among patients with
lung cancer; thus, it would be relevant to adjust for
education [28]. However, our epidemiological study on
tuberculosis in a similar Danish setting found that
adjusting for education did not change the results [29].

Significant improvements in the medical manage-
ment of lung cancer (especially NSCLC) have been
observed over the last 10 years due to new treatment
therapies and more comprehensive follow-up regi-
ments [30]. We expect the direct cost of lung cancer
treatment to be even higher at present time and in the
future, due to more treatment options since this study
ended as well as longer average overall survival.

Conclusion

This study provides unique information on the incremen-
tal economic burden of lung cancer on a national level
with both direct and indirect costs. We found higher rates
of direct health care costs prior to and increasingly so after
the diagnosis of lung cancer compared to matched con-
trols. For both genders, lung cancer was associated with
significantly higher rates of health-related costs, medica-
tion use, public transfer income, social transfer payment
and significantly lower income from employment until
retirement age as compared to matched controls.

This study confirms previously reported levels on
the financial burden of lung cancer, with detailed eva-
luation of indirect cost not formerly evaluated.
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