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ABSTRACT
Background: The cost of cancer and outcomes of cancer care have been discussed a lot since cancer
represents 3–6% of total healthcare costs and cost estimations have indicated growing costs. There are
studies considering the cost of all cancers, but studies focusing on the cost of disease and outcomes
in most common cancer sites are limited. The objective of this study was to analyze the development
of the costs and outcomes in Finland between 2009 and 2014 per cancer site.
Methods: The National cost, episode and outcomes data were obtained from the National register
databases based on International Statistical Classification of Diseases (ICD)-10 diagnosis codes. Cost
data included both the direct and indirect costs. Two hospitals were used to validate the costs of care.
The outcome measures included relative survival rate, mortality, sick leave days per patient and num-
ber of new disability pensions.
Findings: The outcomes of cancer care in most common cancer sites have improved in Finland
between 2009–2014. The real costs per new cancer patient decreased in seven out of ten most com-
mon cancer sites. The significance of different cost components differ significantly between the differ-
ent cancer sites. The share of medication costs of the total cost of all cancers increased, but decreased
for the five most common cancer sites.
Interpretation: The changes in the cost components indicate that the length of stay has shortened in
special care and treatment methods have developed towards outpatient care. This partially explains
the decrease of costs. Also, at the same time outcomes improved, which indicates that decrease in
costs did not come at the expense of treatment quality. As the survival rates increase, the relevance of
mortality measures decreases and the relevance of other, patient-relevant outcome measures increases.
In the future, the outcomes and costs of health care systems should be assessed routinely for the most
common patient groups.
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Introduction

Cancer causes a significant economic burden for many coun-
tries. For example, in 2009 in Europe cancer treatment costs
were 51 billion euros, representing 3–6% of total healthcare
costs in European countries [1]. With an aging population,
the number of new cancer patients is increasing and this is
expected to continue in the future [2–4]. In addition, new
and expensive medicines are being introduced in cancer
care. Hence, there is increasing concern over whether we will
be able to provide affordable cancer care to all in the
future [5].

There are several studies on the cost of cancer, covering
most high-income countries (e.g., [1,6–11]). There are also
some studies that present predictions on the development of
cancer costs in the future [6,7]. However, as identified by
Tangka et al. [9] and Torkki et al. [12] the cost components
driving cancer costs have developed quite differently in the
past. There is a growing trend towards outpatient care, which

has decreased inpatient care costs significantly. At the same
time, medication costs have increased but the indirect costs
related to lost productivity have decreased slightly.

Number of new patients registered is the most significant
cost driver. The number of patients is increasing due to the
aging of population in developed countries, but there are
significant differences in the number of new cancer patients
amongst the different cancer sites: number of prostate,
breast, skin, colon and rectum cancer patients are on the rise
but the number of stomach cancer patients is decreasing
[13]. Incidence of lung cancer is decreasing in men and
slightly increasing in women, however, the number of new
cases is increasing in both sexes.

The cost of cancer varies significantly between countries,
but it also varies significantly between cancer sites [1,14]. For
example, the treatment costs of breast cancer is estimated to
be on average in the range of 20,000–60,000 EUR per patient
depending on the stage of cancer at the time of diagnosis in
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Norway and Canada [15,16] and 60,000–135,000 USD in the
US [17]. For prostate cancer the average cost of treatment
per patient is in the range of 8000–18,000 EUR for some
European countries and the US [18]. In England, colorectal
cancer had the highest treatment costs per incidence and
lung cancer is the lowest occurring cancers among the most
common cancer sites [19].

Thus, when evaluating future trends in cancer cost the
diverging development in the number of new patients and
the differences in cost per patient amongst different cancer
sites, as well as the different trends in cost drivers should be
taken into account.

The aim of this study is to evaluate the cost of cancer in
different cancer types in Finland and analyze the changes in
the cost drivers between 2009 and 2014. The results are
compared against changes in treatment and outcome meas-
ures during the same period.

Methods

Cancer was defined in this study using the WHO
International Classification of Diseases, 10th revision (ICD-10)
codes C00–97 [20]. Data were collected based on this defin-
ition. This study focuses on the costs of 10 cancer sites that
cause the most costs in Finland: breast cancer (C50), prostate
cancer (C61), colorectal cancer (C18-21), lung cancer (C33-34),
leukemia (C91-95), Non-Hodgkin (C82-86, C96), brain cancer
(C71), pancreatic cancer (C25), ovarian cancer (C56) and
stomach cancer (C16).

Cost framework

The cost framework followed the one used in Torkki et al.
[12]. We evaluated the costs of common cancer sites on a
population level, including treatment and indirect costs.
Costs were estimated for two years: 2009 and 2014. All costs
are expressed in 2014 prices, adjusted using the consumer
price index [21]. All treatment costs are reported as gross
costs; that is, including both the public expenditure and the
patients co-payment or deductible.

Treatment costs include the costs of primary and second-
ary care, as well as the cost of cancer screening. However,
the costs of prevention or health promotion were not
included, due to lack of data. Indirect costs include both sick
leave (exceeding 10 working days) and disability pensions
defined as the amount of benefits paid to patients in the

form of compensations or pensions. This approach was used
in order to quantify the amount of public funds used to pay
for the social benefits, rather than to estimate the value of
lost productivity to the employers or society as a whole.
Mortality was not included in the indirect costs, as lost prod-
uctivity due to mortality is questionable when there exists
unemployment and other limitations as described by Brown
et al. [22].

The cost of care was obtained by multiplying the number
of inpatient episodes and outpatient visits by respective unit
costs. The unit costs of the inpatient episodes and outpatient
visits for each specialty, as well as for primary care in 2011,
were based on the National price list documented in a publi-
cation by the National Institute for Health and Welfare [23].
These costs include all costs of production such as doctors
salaries, nursing, medication administered in the hospital,
materials, facilities and equipment costs. We used patient-
level activity-based costing (ABC) data from the largest uni-
versity hospital and central hospital in Finland to calculate
the percentage changes in the unit costs of care between
2009 and 2014. These estimates were applied to the National
price list data from 2011 to correct the unit costs for 2009
and 2014.

The costs of outpatient medication not administered in
the hospital is reimbursed by the National Social Insurance
Institution (SII) and the data on reimbursements was
obtained from SII registries based on SII reimbursement
codes. The codes are either disease-specific (most medicines)
or medicine-specific (new and expensive medicines). To esti-
mate the total medication cost that combines both hospital
and outpatient medication, the share of medication cost in
the inpatient episodes and outpatient visits was estimated
from the patient-level activity-based costing (ABC) from the
two hospitals. However, only the medication costs of the five
most common cancer sites are recorded separately in the
hospitals ABC system.

The traveling costs of the patients were estimated from
the number of visits and inpatient episodes, while the aver-
age distances traveled were based on the location model
analysis of Venesmaa’s research [24]. The cost per kilometer
was defined using the compensation level approved by the
Finnish Tax Administration [25].

The total cost per patient for each cancer site was esti-
mated by dividing the annual total costs by number of new
cancer patients, since we did not have the patient-level costs.
Also the cost of disability pensions was divided by the

Table 1. The actual costs of cancer by ten most cost causing cancer sites.

2009 2014

Cancer site Total costs (e) Share of all cancers (%) Total costs (e) Share of all cancers (%)

Breast 172,000,000 22 186,000,000 20
Prostate 87,000,000 11 92,000,000 10
Colorectal 78,000,000 10 89,000,000 10
Lung 53,000,000 7 56,000,000 6
Non-Hodgkin 44,000,000 6 48,000,000 5
Leukemia 37,000,000 5 44,000,000 5
Brain 28,000,000 4 32,000,000 3
Pancreas 21,000,000 3 29,000,000 3
Ovary 17,000,000 2 18,000,000 2
Stomach 16,000,000 2 16,000,000 2
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number of new cancer patients even though it is a long term
cost, because prevalence data was not available separately
for working-age patients. Therefore, the indirect cost per
patient are overestimated especially in cancers in which the
patients are relatively young and survival rates are quite
high, such as for leukemia.

The data used in the study are from National registries
(National Institute for Health and Welfare, National Social
Insurance Institution and Cancer Registry). The more detailed
description of the data sources and how the cost compo-
nents were estimated from the data is presented in Torkki
et al.’s study [12].

Outcomes framework

We estimated the effectiveness of cancer care using relative
survival rate, age-adjusted mortality, the number of disability
pensions and the number of sick leave days as outcome
measures. Relative survival rates indicate the proportion of
patients who stay alive for a certain interval (such as one or
five years) after cancer diagnosis, compared to the propor-
tion of people of the same age in the same area who stay
alive during the same interval. The relative survival ratio can
be interpreted as an estimation of expected survival probabil-
ity in a situation in which the patient’s cancer is the only
possible cause of death. The reason for also using age-
adjusted mortality was the possibility of improved screening
and diagnostics. Earlier diagnosis may increase the short-
term survival rates, even if the long-term outcome would be
similar. Using both survival and mortality rates, decreases
uncertainty over the interpretation of results. The relative sur-
vival rates, age-adjusted mortality of the cancer patients and
the annual number of new cancer patients were obtained
from the Finnish Cancer Registry.

The number of new disability pensions per year and the
sick leave data obtained from the SII included both number
of sick leave episodes and days. These data complement the
survival and mortality rates, being proxy measures for func-
tionality. The cost per new cancer patient was used as the
cost measure.

Results

The total cost of the 10 cancer sites causing the most costs
was approximately 610 Me in 2014 accounting for two thirds
percent of cost of all cancers (Table 1). Breast cancer had the
greatest share of costs for both 2009 and 2014 shaping one
fifth of the total cost of cancer. The order of the cancer sites
was similar in both years although there were differences in
the growth of costs by cancer site. Interestingly, the share of
the cost of the top ten cancer sites from total cancer costs
decreased from 2009 (71%) to 2014 (66%).

The cost distribution varies significantly by cancer site
(Figure 1). The share of treatment costs was lowest (62%) in
breast cancer and highest in prostate cancer (92%) in 2014.
Costs of screening are significant only in breast cancer. The
share of inpatient costs and disability pensions decreased

and the share of outpatient costs increased in all cancer sites
except for colorectal cancer between 2009 and 2014.

The share of medication costs (hospital- and patient-
administered) varies between cancer sites, but is on average
almost 30% of total costs (Figure 2). The share of medication
costs of all cancer costs increased from 2009 to 2014.
However, in the most common cancer sites, the share of
medication costs slightly decreased, except for lung cancer
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Figure 1. The cost distribution of five most cost-causing cancer sites in 2009
and 2014.
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treatments. In all cancers both the costs of self-administered,
outpatient medication and the costs of hospital-administered
inpatient and outpatient medication increased on an average
of 6% annually. In the five most common cancers the cost of
self-administered medication decreased and the costs of hos-
pital-administered medication increased.

The annual number of new patients increased most rap-
idly in leukemia (Table 2) and decreased in ovarian cancer.
The real cost per new cancer patient decreased on average
of 1% per year and the decrease was most rapid in leukemia
and Non-Hodgkin’s lymphoma. The real cost per new patient
increased in pancreatic, ovarian and brain cancer. Age-
adjusted mortality decreased in all cancer sites except for
colorectal, brain and pancreatic cancer.

The change in sick leave days per working-age patient
varied depending on the cancer site, but on average there
was not a great significant change (Table 3). The disability
pensions decreased in all cancer sites besides pancreas and
the decrease was on average of 2% per year.

Discussion

There are studies considering the cost of all cancers, but
studies focusing the cost of cancer sites are limited. Most of
the earlier studies have assessed the treatment costs [14–19]
but not the other costs and they are cross-sectional. We
found that costs other than treatment costs are substantial
and they vary depending on the cancer site. In addition, the
cost trends differ in different cancer sites. Future research
should take these into account.

The outcomes of cancer care in most common cancer
sites have improved in Finland between 2009–2014. The sur-
vival rates in Finland have been among the best European
countries in earlier studies [26–29]. Mortality and disability
pensions have been decreasing, but there are differences in
sick leave applications depending on the cancer site. As the
survival rates increase, the relevance of mortality measures
decreases and the relevance of other outcome measures
increases. Thus, in the future, the routine collection of

outcomes should include more patient-relevant measures
including health status and functionality [30].

The real costs per new cancer patient decreased in seven
out of ten most common cancer sites. The changes in the
cost distributions indicate that the length of stay has short-
ened in special care and treatment methods have developed
towards outpatient care. This partially explains the decrease
of costs. In addition, the cost of disability pensions has been
decreasing.

The share of medication costs increased in all cancers in
total, but decreased in five most common cancer sites.
This indicates more rapid growth of medication costs in
more uncommon cancer sites. In most common cancer sites,
the cost of established medication has decreased and the
share of new more expensive medications seems not to be
significant, at least not yet. The data did not allow for the
allocation of medication costs to other cancers than the five
most common ones. However, in the future it is important to
be able to examine medication costs for each cancer site, as
the medication costs are increasing in total and the new,
expensive immunological medications are emerging.

In an earlier study of cancer cost in Finland by M€aklin
et al. in 2006 [8] estimated that ‘new expensive treatments’
will cause the costs to rise significantly by 2.6–8.5% per
year. An earlier study by Torkki et al. [12] found that the
growth of total costs were only 1.7% per year. This study
indicates that one of the major reasons for cancer cost
decrease is standardization which occurs in high volume
operations. The treatment protocols in the most common
cancer sites are standardized leading to shorter length
of stays. At the same time, the most commonly
used medications costs go down as they are losing the
patents.

Many Western Healthcare systems have the pressure to
stabilize the budget for health services since the costs has
been growing more rapidly than the Gross National Product
(GNP). Although our study reported lower growth of costs
than expected, the cost of cancer increased by 3. 8% in ten
years compared to the growth of GNP. Aging countries may
also have limited opportunities in growth of GNP in the next
decades. This means that the new care protocols including

Figure 2. Share of medication costs of all cancer costs in the five most common cancer sites in years 2009 and 2014.
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medications have to be affordable and the National budgets
may constraint the use of very expensive treatment to lim-
ited specific patient groups. Based on our studies, the cost of
cancer may slightly increase in the future due to the
increased number of cancer patients but the cost per patient
may continue decreasing.

In the future, the outcomes and costs of health care sys-
tems should be assessed routinely using the most common
patient groups [30]. Combining total costs of disease to
patient-relevant outcomes gives better understanding of the
healthcare system than the methods that have traditionally
being used to evaluate it.
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