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Abstract

Background: Most measures of the cancer burden take a public health perspective. Cancer also has a significant

economic impact on society. To assess this economic burden, we estimated years of potential productive life lost
(YPPLL) and costs of lost productivity due to premature cancer-related mortality in Ireland.

Methods: All cancers combined and the 10 sites accounting for most deaths in men and in women were considered.
To compute YPPLL, deaths in 5-year age-bands between 15 and 64 years were multiplied by average working-life
expectancy. Valuation of costs, using the human capital approach, involved multiplying YPPLL by age-and-gender

specific gross wages, and adjusting for unemployment and workforce participation. Sensitivity analyses were conducted

around retirement age and wage growth, labour force participation, employment and discount rates, and to explore the
impact of including household production and caring costs. Costs were expressed in €2009.

Results: Total YPPLL was lower in men than women (men =10,873; women = 12,119). Premature cancer-related
mortality costs were higher in men (men: total cost=€332 million, cost/death =€290,172, cost/YPPLL =€30,558;
women: total cost = €177 million, cost/death =€159,959, cost/YPPLL = €14,628). Lung cancer had the highest premature
mortality cost (€84.0 million; 16.5% of total costs), followed by cancers of the colorectum (€49.6 million; 9.7%), breast
(€494 million; 9.7%) and brain & CNS (€42.4 million: 8.3%). The total economic cost of premature cancer-related mortality
in Ireland amounted to €509.5 million or 0.3% of gross domestic product. An increase of one year in the retirement age
increased the total all-cancer premature mortality cost by 9.9% for men and 5.9% for women. The inclusion of household
production and caring costs increased the total cost to €945.7 million.

Conclusion: Lost productivity costs due to cancer-related premature mortality are significant. The higher premature

mortality cost in males than females reflects higher wages and rates of workforce participation. Productivity costs
provide an alternative perspective on the cancer burden on society and may inform cancer control policy decisions.
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Background
Cancer is currently the leading cause of death in eco-
nomically developed countries [1]. While advances in
diagnosis and treatment over the past decades have re-
sulted in improved survival rates in developed countries
[2], future growth in new cancer cases is projected due
to population growth and ageing [1].

To inform the setting of priorities for cancer control it
is necessary to quantify the cancer burden. A variety of
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different metrics are available. One measure that has
gained prominence recently is years of potential life lost
due to premature cancer-related mortality [3]. While
years of potential life lost — and other conventional mea-
sures such as numbers of incident cases and deaths, and
age-standardised rates — are important indicators, they
take an entirely public health perspective, focussing on
the health-related impact or burden of cancer on society.
Cancer also has an economic impact on society [4]. One
important element of this economic impact is the cost
of lost productivity due to cancer-related premature
mortality.
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A few studies have estimated the costs of lost product-
ivity, but these have generally considered individual can-
cer sites (e.g. skin [5], breast [6], pancreas [7]). While
providing a useful insight into the proportion of eco-
nomic costs related to individual cancers, they fail to
yield an estimate of the overall burden of cancer-related
premature mortality on the economy. Also, cancer con-
trol initiatives are often site-specific so estimates of
productivity losses associated with different cancers are
needed to inform decisions about allocation of healthcare
funding between initiatives. A very limited number of
studies of productivity loss in multiple cancer sites exist,
mainly from North America [8,9] and Asia [10]; estimates
from Ireland are absent and those from European coun-
tries generally are limited.

The aim of this study was to estimate — for all cancers
and the ten most common causes of cancer death in
males and females — years of potential productive life
lost (YPPLL) and premature mortality costs in Ireland.
We also compare these indicators with numbers of
deaths and age-standardised rates, to illustrate how each
provides a different perspective of the cancer burden on
society.

Methods

General approach

We used the human capital approach to estimate the
value of productivity lost due to cancer-related prema-
ture mortality in Ireland. The human capital approach
measures the value to society of potential productivity,
in the form of output that is lost due to disease-related
morbidity and mortality and is valued by the market
wage. Specifically, we estimated YPPLL, separately for
males and females, for all cancers combined and for
each of the ten most common causes of cancer-related
death in adults. YPPLL were then valued using wage rates
as an approximation of foregone productivity as is usual
in the human capital approach [11]. Since these estimates
relate to lost time from market (i.e. employment-related)
activities, in a scenario analysis, we also estimated costs
for lost time from non-market activities such as house-
hold activities and caring, and valued these using the
proxy good approach which applies the value for an
equivalent service provided in the market to the non-
market activity [12]. Costs are expressed in 2009 euros.

Data sources

Numbers of deaths during 2005-2009 by 5-year age-
group and sex between the ages of 15 and 64 were ab-
stracted from the World Health Organization (WHO)
Cancer Mortality Database for all cancers (International
Classification of Diseases (ICD) 10 00-97, B21). Ethical
approval was not required as the study was based on
publically available data [13] on numbers of deaths from
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cancer in Ireland. Data was abstracted on the following
sites: oesophagus (ICD10 15, males and females); stom-
ach (C16, males and females); colorectal (C18-21, males
and females); pancreas (C25, males and females); lung
(C33-34, males and females); breast (C50, females);
uterus (C53-55, females); ovary (C56 — females); prostate
(C61, males); bladder (C67, males); brain & CNS (C70-72,
males and females); non-Hodgkin’s lymphoma (C82-85,
C96, males and females); and leukaemia (C91-95, males
and females). Data on age- and gender-specific wages came
from the National Employment Survey 2009 [14] and data
on age and sex-specific unemployment and labour force
participation rates were abstracted from the Quarterly
National Household Survey [15]. Future wage growth was
approximated by forecast gross domestic product (GDP)
growth for Ireland [16].

As regards non-market activities, time spent on house-
hold activities and caregiving amongst the general popu-
lation were sourced from an Irish time-use survey [17];
this required the assumption that the time spent on
these tasks was the same among people with cancer as
the general population. Wages for household activity
and caregiving were derived from Hanly et al. [12].

Estimation methods

Numbers of deaths were converted into rates using
population estimates from the Central Statistics Office,
and standardised using the World Standard Population
to provide World Age Standardised Rates (WASR; http://
www-dep.iarc.fr/WHOdb/glossary.htm).

Estimation of YPPLL followed a methodology previ-
ously described [18]. To calculate YPPLL we disregarded
any deaths, in children (<15) and beyond 64 years, thereby
assuming all those working will retire at 65, the official
pensionable age in Ireland in 2009. We assumed, for
example, each death in the 55-59 age group was aged
57.5 at death; YPPLL for that death was therefore 7.5 years
(65-57.5). Then, YPPLL for each death were summed
across age-groups, by sex, and by cancer site.

Valuation of premature mortality costs involved multi-
plying, for each death, YPPLL by age- and gender-stratified
gross wages from age of death until 64 (Additional file 1).
Estimates were adjusted for unemployment and labour
force participation rates. For example, a 40 year old female
in 2009 had a 0.69 probability of participating in the work
force and a 0.93 probability of being employed if partici-
pating. These probabilities were applied to her assumed
annual wage rate of €37,140 in 2009 (ie. (37,140%0.69)
*0.93)). The effect of age on wages as individuals transi-
tion to different wage categories based on hypothetical
age progression was accounted for, as was labour force
participation and employment progression. Wage growth
was calculated at 2.6% per annum [16] and a discount
rate of 4% annually was applied [19]. Cost estimates were
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subsequently summed over deaths in each 5-year age
group to yield age group totals and across age groups to
provide totals for all cancers combined and each cancer
site. Premature mortality costs were also expressed per
cancer death and per YPPLL.

In calculating the value of lost production from non-
market activities, household activity was valued at €15.36
per hour and caregiving activity at €16.82 per hour. Time
spent on each activity was multiplied by these wage rates,
aggregated to an annual cost and summed over working
life expectancy.

Sensitivity analyses

We investigated the sensitivity of the base-case estimates
to variations in several parameters. The wage growth
rate was varied to 1.5% and 3.5% to account for uncer-
tainty over future growth in the Irish economy. The dis-
count rate was varied to 2% and 6%. More up-to-date
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estimates of labour force participation rates and employ-
ment rates were used to account for changing labour
market conditions [15]. In addition the effect of extend-
ing the retirement age from 65 to 66 was explored, to
account for a change (to be implemented in 2014) in the
official pension age in Ireland.

Results

Total deaths, world age-standardised mortality rates
(WASRs) and YPPLL by gender

Table 1 presents the number of deaths in people of all
ages, WASRs and YPPLL for all cancers and by site, for
males and females. The top 10 ranked cancers accounted
for 77% of this total in males and 75% in females. Lung
cancer was the most common cause of cancer-related
death in males; breast cancer in females. WASR rank-
ings by cancer site were relatively consistent with these
rankings.

Table 1 Average annual number of deaths, WASRs and YPPLL for the 10 most common male and female cancers, and

all cancers, in Ireland (2005 - 2009)

ICD10 Cancer site All deaths % of the total WASR per 100,000 % of the total  YPPLL % of the total
Males
C00-97,B21 All cancers 4,276 - 140.0 - 10,873 -
Top 10 cancers 3,272 76.5 - - 7,453 68.5
c15 Oesophagus 218 5.1 74 53 598 5.5
C16 Stomach 207 48 6.8 49 550 5.1
C18-21 Colorectal 554 13.0 179 12.8 1,211 11.1
25 Pancreas 217 5.1 74 53 603 55
C33-34 Lung 994 234 330 236 2,089 19.2
C61 Prostate 530 124 15.6 1.1 207 1.9
c67 Bladder 121 2.8 3.7 12.6 151 14
C70-72 Brain & CNS 150 35 56 74.0 1,027 94
(82-85,C96 Non-Hodgkin's lymphoma 132 3.1 44 31 520 4.8
C91-95 Leukaemia 150 35 50 3.6 499 4.6
Females
C00-97, B21 All cancers 3,791 - 104.1 - 12,119 -
Top 10 cancers 2,860 75.4 - - 9,595 79.2
c15 Oesophagus 118 3.1 28 2.7 178 1.5
C16 Stomach 130 34 33 32 334 238
C18-21 Colorectal 401 10.6 10.0 9.6 856 7.1
25 Pancreas 218 58 55 53 361 30
(C33-34 Lung 668 17.6 18.6 179 1,542 12.7
C50 Breast 679 17.9 20.5 19.7 3,329 27.5
C53-55 Uterus 172 45 55 53 1,126 9.3
C56 Ovary 254 6.7 7.7 74 901 74
C70-72 Brain & CNS 109 29 3.6 35 683 56
(82-85,C96 Non-Hodgkin's lymphoma 111 29 2.8 2.7 288 24

Bold refer to the sum aggregated totals for ‘all cancers’ and the ‘top 10 cancers’ ranked in Ireland by mortality.
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The total YPPLL for all cancers combined was 10%
lower for males than females (10,873 vs 12,119). For
some cancers, their YPPLL ranking differed from their
rankings according to numbers of deaths. For example,
in males, brain & CNS cancers ranked 7™ in terms of
deaths and 3™ in YPPLL while prostate ranked 3™ in
deaths and 9™ for YPPLL.

Base-case analyses: total premature mortality costs,
overall and by gender

Together, in the base-case analysis, all cancer sites gen-
erated a total of €509.5 million in premature mortality
costs in 2009 (Table 2). In both sexes combined, lung
cancer accounted for 16.5% (€84.0 million) of overall
costs (Figure 1). This was followed by colorectal can-
cer (9.7%; €49.6 million), female breast cancer (€49.4
million; 9.7%) and cancers of the brain & CNS (€42.4
million; 8.3%).
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The total all cancers premature mortality cost was 1.9
times higher in males than females (€332.2 million vs
€177.3 million; Table 2). Lung cancer was the most ex-
pensive male cancer costing €62.9 million (19% of total
male cancer costs). The most expensive female cancer
was breast (€49.4 million; 28% of total female costs).

Premature mortality cost per death and per YPPLL
The average male premature mortality costs per cancer
death was 81% higher than the equivalent female cost
(€290,172 vs €159,959; Table 2). Among the top 10 sites,
in males, the most costly cancer per death was leukae-
mia (€426,247 per death); prostate cancer was the least
costly (€154,169). The highest female cost per death was
for cancer of the uterus (€208,331) and the lowest for
pancreatic cancer (€105,377).

In males, for all cancers combined, the cost per
YPPLL was €30,558, 109% higher than the equivalent

Table 2 Premature mortality costs (€, 2009) for the 10 most common male and female cancers, and all cancers, in Ireland

ICD10 Cancer site Total premature % of the total Premature mortality Premature mortality
mortality cost cost per death cost per YPPLL
Males
C00-97,B21 All cancers 332,246,992 - 290,172 30,558
Top 10 cancers 228,125,322 68.7 276,918 31,381
c15 Oesophagus 18,564,734 56 268,276 31,045
C16 Stomach 17,294,647 52 315,596 31,445
C18-21 Colorectal 37,253,268 1.2 276,770 30,775
25 Pancreas 18,624,081 56 263,797 30911
C33-34 Lung 62,927,480 189 220,953 30,123
C61 Prostate 5,950,929 1.8 154,169 28818
c67 Bladder 4,637,827 14 246,693 30,714
C70-72 Brain & CNS 32011173 96 421,200 32,367
(82-85,L96 Non-Hodgkin's lymphoma 16,113,046 48 385,480 36,579
C91-95 Leukaemia 14,748,138 44 426,247 34,100
Females
C00-97,B21 All cancers 177,266,357 - 159,959 14,628
Top 10 cancers 139,871,322 78.9 155,275 14,578
Ci15 Oesophagus 2,442,679 14 118577 13,762
C16 Stomach 4,985,032 28 178,037 14,925
C18-21 Colorectal 12,393,845 70 147,195 14,487
25 Pancreas 4,847,345 2.7 105,377 13,428
(C33-34 Lung 21,099,185 1.9 114,919 13,683
C61 Breast 49,395,514 279 172,350 14,840
ce7 Uterus 17,291,434 9.8 208,331 15363
C70-72 Ovary 12,862,247 73 141,343 14,283
(82-85,C96 Brain & CNS 10,370,158 59 202,542 15,183
C91-95 Non-Hodgkin's lymphoma 4,183,884 24 157,289 14,553

Bold refer to the sum aggregated totals for ‘all cancers’ and the ‘top 10 cancers’ ranked in Ireland by mortality.
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Ovary, 2.5%, €12.9m

Leukaemia, 2.9%, €14.7m

Uterus, 3.4%, €17.3m
Non-Hodgkin lymphoma,

4.0%, €20.3m

Oesophagus, 4.1%, €21.0m

Stomach, 4.4%, €22.3m

Pancreas, 4.6%, 23.5m

Brain, CNS, 8.3%, €42.4m

Bladder,

Prostate, 1.2%, 0-9%,
€6.0m

Figure 1 Percentage and value of total premature mortality costs (€, 2009) for male and female cancers combined.

€4.6m

Lung, 16.5%, €84.0m

Colorectal, 9.7%, €49.6m

Breast, 9.7%, €49.4m

female cost (€14,628). Male costs per YPPLL ranged
between €28,818 (prostate) and €36,579 (Non-Hodgkin’s
lymphoma) and female costs ranged between €13,428
(pancreas) and €15,363 (uterus).

Gender distribution of YPPLL and premature mortality
costs by age

Figures 2a and b show, by sex, the distribution of YPPLL
and premature mortality costs for all cancers combined
by 5-year age-group. While YPPLL were higher in fe-
males than males between 30 and 49 years, premature
mortality costs for males exceeded those for females
across all age groups with the differential between the
sexes increasing with age after 45.

Sensitivity analysis

Table 3 presents the results of the sensitivity analysis.
Varying the discount rate had the greatest impact on the
estimate of all-cancer premature mortality costs. With a
lower discount rate, the total cost was 15-16% higher in
both sexes; with a higher rate, it was 12% lower. An as-
sumption of lower wage growth resulted in a 7-8% lower
cost in both sexes, and higher growth in a 6-7% higher
cost. Accounting for recent labour market conditions
had a greater impact on male costs (+11%) than female
costs (+1%). An extension of the retirement age by 1 year
to 66 resulted in increased costs by 10% in males and
6% in females.

Scenario analysis: Lost household production and caring
activity

For all cancers, the total cost of lost household produc-
tion and caring activities was €107.6 m for males and

€328.7 m for females (Table 4). Male costs were €68.1 m
for lost household production and €39.4 m for lost
caregiving; female costs were €163.6 m and €165.1 m
respectively. In females, the most costly site in terms
of non-market activities was breast cancer (household
production: €45.2 m; caregiving: €45.6 m). In males it was
lung cancer (household production: €13.5 m; caregiving
€7.8 m).

Discussion
Cancer burden: the value of a range of perspectives
Premature mortality costs provide a different perspective
of the cancer burden on society. They provide informa-
tion that complements other more conventional indica-
tors such as numbers of deaths or WASRs. For example,
according to WASRs the all-sites cancer burden is some-
what higher in males than females (WASR M:F =1.13).
When YPPLL are considered the overall burden is some-
what lower in males (M:F=0.89), due to the slightly
older age distribution of deaths in males than females
under 65. However, when considering premature mortal-
ity costs from lost market activities a different picture
emerges: male productivity costs dwarf female costs
(€332.2 million vs €177.3 million; M:F = 1.87). This is
due to the incorporation of economic information such
as labour force participation and wage rates into the esti-
mates which tend to inflate male costs relative to female
costs. For instance, the average male workforce partici-
pation rate in 2009 between 15 and 64 years was 77%
compared to 60% for females, and the average male wage
was €44,831 compared to €32,021 for females.

The calculation of premature mortality costs also re-
vealed a new perspective on the relative importance of
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a
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20%
10%

0%
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b

100%
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Premature mortality costs as a % of the total

20%

10%
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15_ 20_ 25_ 30_ 35_
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uFemale | 2,556,806 | 4,139,185 | 8,004,472 | 11,144,41 | 21,623,14 | 28,547,82 | 38,149,40 | 32,693,43 | 22,989,77 | 7,417,914

HMale

6,785,892 | 6,344,897 | 15,007,56 | 17,030,72 | 24,398,07 | 43,273,89 | 59,917,87 | 70,840,38 | 62,447,72 | 26,199,96

males and females in each age-group.

Figure 2 YPPLL and total premature mortality costs results by age. (a): Percentage of total YPPLL in males and females', by age-group, for
all cancers. 'The figures below the bars are the number of YPPLL in males and females in each age-group. (b): Percentage of total premature
mortality costs in males and females', by age-group, for all cancers. 'The figures below the bars are the premature mortality costs (€2009) in

certain cancer sites within the overall cancer burden. For
example, brain & CNS cancers emerged as a more im-
portant component of the cancer burden when prema-
ture mortality costs per death were considered (ranking
2™ for males and 2" for females) rather than numbers
of deaths (ranking 7" and 10™). In contrast, prostate can-
cer dropped from 3™ in terms of numbers of deaths to 9™
in terms of total premature mortality costs. These changes
are driven by the difference between the distribution of

the ages of death for individual cancers and the age of re-
tirement: this is discussed further below.

Economy-level premature mortality cost burden

The estimated premature cancer-related mortality prod-
uctivity costs were substantial - €332.2 million for males
and €177.3 million for females in 2009, resulting in a
total annual cancer burden of over half a billion euros
for Ireland. The limited previous literature in this area,
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Table 3 Sensitivity analyses for all site cancer premature mortality costs (€, 2009) according to different assumptions
for the discount rate, wage growth, labour market characteristics and the retirement age

Male Female
Total premature % change Premature Total premature % change Premature
mortality cost from BC  mortality cost  mortality cost from BC  mortality cost
per death per death

BC 332,246,992 290,172 177,266,357 - 159,959
Wage growth (BC: 2.6%)
1.50% 307,469,158 (-7.5) 268,532 164,171,979 (-74) 148,143
3.50% 353,158,857 (+6.3) 308,436 189,439,743 (+6.9) 170,944
Discount rate (BC: 4%)
2% 384,579,486 (+15.8) 335877 206,654,039 (+16.6) 186,477
6% 291,598,265 (-12.2) 254,671 155,339,730 (-124) 140,173
Labour force participation & unemployment
(BC: 20009 rates)
2013 rates 368,598,902 (+10.9) 321,920 178,709,602 (+0.8) 161,261
Retirement age (BC: 65)
Age =66 365,157,324 (+99) 318915 187,656,321 (+59) 169,334

BC: Base-case.

primarily from the USA, also suggests that premature
mortality productivity costs are considerable; represent-
ing approximately 1% of GDP [8]. Our total cost esti-
mate for Ireland amounted to 0.3% of GDP. Our results
also resonate on a cost per death basis. The estimates
(€290,172 per cancer death among males and €159,959
per cancer death among females) are between 4 and 7
times the average wage in Ireland.

In the context of other cancer-related economic costs,
it is worth noting that productivity costs are commonly
reported to be far in excess of the direct medical costs
of cancer treatment [5,7,20]. For example, in this study
the premature mortality cost of colorectal cancer was
€226,906 per death which is almost six times higher than
the average cost of diagnosis, treatment and follow-up for
a case of colorectal cancer in Ireland (€39,607 in 2008)
[21]. Moreover, it is worth bearing in mind that premature
mortality costs are only one element of the total productiv-
ity loss from market activities due to cancer; other ele-
ments include costs relating to absenteeism from work and
reduced work ability due to cancer or its treatment [22].

In recognition of the fact that individuals also engage
in a range of non-market activities, the loss of which
through premature cancer-related mortality also repre-
sents an economic loss to society, we estimated costs of
potential household production and caring activity lost.
These estimates included the time lost by both working
and non-working individuals and thus extended the per-
spective of the base-case analysis. A previous study that
estimated the value of lost household production and
caring activity due to premature mortality across mul-
tiple cancer sites reported a doubling of costs due to the
addition of non-market activity lost to market-activity

[8]. Our findings were similar; the all cancer total lost
productivity cost increased from €509.5 m to €945.7 m
when losses from non-market activities were added to
market activities. As would be expected, due to fact that
women generally undertake more household and care-
giving activities than men, the influence of the inclusion
of non-market activities was greater for females than
males. Indeed, following the inclusion of non-market ac-
tivity costs, total female costs surpassed total male costs
overall (€506.0 m v €439.8 m).

International comparison of premature mortality costs
Two studies have estimated the productivity costs asso-
ciated with multiple cancer sites in the US. Applying the
human capital approach, Bradley et al. [8] estimated US
cancer-related productivity costs of $142.4 billion in
2010 with lung, colorectal and female breast cancer ac-
counting for almost half (44%) of all costs. These findings
correspond to the rankings in our study based on the
costs of market activities, although the combined cost of
the three cancer sites in Ireland was somewhat less as a
proportion of the total (36%). This difference is due to a
greater proportion of deaths in Ireland due to breast can-
cer (Ireland: 12.7% vs US: 7.4%) compared to lung cancer
(Ireland: 20.8% vs US: 28.2%) and lower labour force par-
ticipation rates for females in Ireland compared to the US.
In the US, testicular cancer ranked as the most ex-
pensive site ($1,267,803 per cancer death) followed
by Hodgkin’s lymphoma ($544,118) and brain & CNS
($392,853). We did not include testicular cancer and
Hodgkin’s disease since they ranked outside the ten most
common causes of cancer-related death, but did consider
brain & CNS cancers. After accounting for the exchange
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Table 4 Non-market - lost household production and
caring activity - premature mortality costs (€, 2009) for
the 10 most common male and female cancers, and all
cancers, in Ireland

ICD10 Cancer site Total lost household  Total lost
production cost caring cost
Male
C00-97,B21  All cancers 68,119,367 39,440,641
Top 10 cancers 47,031,364 27,230,833
C15 Oesophagus 3,817,270 2,210,173
c16 Stomach 3,459,966 2,003,296
C18-21 Colorectal 7,646,872 4441163
C25 Pancreas 3,854,138 2,231,519
C33-34 Lung 13,500,891 7,816,922
ce1 Prostate 1,361,957 788,564
ce7 Bladder 964,857 558,646
C70-72 Brain & CNS 6,253,721 3,620,861
(82-85,C96 Non-Hodgkin's 3,186,066 1,844,710
lymphoma
C91-95 Leukaemia 2,962,003 1,714,979
Female
C00-97,B21  All cancers 163,592,354 165,057,650
Top 10 cancers 130,228,532 131,394,989
C15 Oesophagus 2455357 2,477,349
c16 Stomach 4,482,568 4,522,718
C18-21 Colorectal 11,646,872 11,751,193
C25 Pancreas 5,044,263 5,089,444
(C33-34 Lung 21,421,357 21,613,229
C61 Breast 45,150,884 45,555,300
c67 Uterus 14,988,015 15,122,262
C70-72 Ovary 12,270,087 12,379,990
(82-85,C96 Brain & CNS 8,921,161 9,001,068
C91-95 Non-Hodgkin's 3,847,969 3,882,435

lymphoma

Bold refer to the sum aggregated totals for ‘all cancers’ and the ‘top 10 cancers’
ranked in Ireland by mortality.

rate, the premature mortality costs of brain & CNS cancer
was somewhat higher in Ireland than the US (€420,160 vs
€296,622). The difference may be due to the truncation
our estimates at 65 years (the retirement age in Ireland),
while the US study included deaths of all ages.

Few other studies are available for comparative pur-
poses. In Korea [10], liver and stomach cancer emerged
as the largest contributors to total cancer-related prema-
ture mortality costs based on a relatively higher number
of deaths from these cancers than in Ireland or the US
(Korea - stomach cancer: 18.7% of total cancer deaths;
liver cancer: 17.7%).

While these comparisons suggests a (modest) degree
of consistency internationally with regard to the premature
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mortality cost burden, they equally highlight the import-
ance of estimating costs specific to an individual setting, in
order to account for geographical differences in the pattern
of cancer deaths and labour force dynamics.

Individual cancer sites

While the observation that lung cancer was the most
costly cancer overall in the base-case analyses is unsur-
prising (given its high relative mortality in both genders
in Ireland), the emergence of cancers of the brain &
CNS as the second most expensive in terms of cost per
death in males and females is more interesting. For can-
cers of the brain & CNS, age of diagnosis is relatively
low (median =57 vs 67 for all cancers) [23] as is survival
(5-year relative survival for cases diagnosed 2003-2007
was less than 20%) [24]: hence more than 40% of deaths
occur in people younger than retirement age. This re-
veals how numbers of deaths, age at diagnosis and sur-
vival all impact on cost per death: in particular, cancers
with earlier age at onset and which have moderate or
poor prognosis, tend to rank more highly in terms of
cost per death.

Other cancers also ranked differently when alternative
metrics were compared. For example, prostate cancer
accounted for 12.4% of all male cancer deaths but was
one of the lower cost cancers both in terms of total cost
and cost per death. This was due to the relatively low
proportion of deaths in men of working-age combined
with high survival (almost 90% 5-year relative survival)
[25]. Indeed, while 37% of men diagnosed with prostate
cancer were under 65 years at diagnosis, only 7% of
deaths from prostate cancer were in this age group [25].

Implications: value of estimates of lost productivity costs

Estimates of the size of the monetary burden associated
with premature mortality due to cancer may assist pol-
icymakers in deciding the allocation of funds among
competing cancer control activities [8]. In particular they
could help form a picture of the reduction in the eco-
nomic burden that may be achieved by implementation
of particular primary, secondary or tertiary prevention
strategies. As previous research has noted failure to in-
clude these costs in decision-making leads to an under-
estimation of societal costs and may lead to welfare
damaging decisions [26]. Estimates of productivity losses
may also be important sources of data for economic
evaluations of specific health technologies. Some lead-
ing expert panels (for example the US Panel on Cost-
Effectiveness in Health and Medicine [27]) and economic
textbooks and advocate a societal perspective for eco-
nomic evaluations but, in reality, relatively few evalu-
ations include productivity costs [26], perhaps due to
a lack of available data (in some instances, at least).
Moreover, combined with direct medical costs and direct
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non-medical costs (including patient time, travel and out-
of-pocket costs), such estimates provide an important - yet
rarely quantified - building block in constructing an accur-
ate measure of the total economic burden of cancer on
society.

Strengths and limitations

As far as we are aware, this study provides the first esti-
mates of lost productivity costs for multiple cancer sites
for a western European country. Key strengths of the
study include the use of population data and the applica-
tion of a simple and transparent methodology to value
lost productivity. Nevertheless, there are some limita-
tions. Use of the human capital approach to estimate
costs for market activities puts greater weight on older
males who are working compared to younger citizens
(who earn lower wages), especially younger females. For
example a male aged 50 earned €55,967 on average in
2009, whereas a female aged 30 earned €37,549. Never-
theless, the human capital approach is widely used
throughout the economic literature thus enhancing the
comparability of our results. Alternative methodological
techniques including the friction cost approach and the
willingness-to-pay approach are also not without flaws
and limitations [11].

In terms of potential limitations, our estimates for lost
household production and caring activity were based
on reported time use in 2005 in the general population
as no equivalent estimates exist for the cancer popula-
tion. If patterns of time use in cancer patients differ
from those among people without cancer (which they
might well do due to the effects that cancer and its
treatment may have on functional status) our esti-
mates will not reflect the true value of this potential
lost non-market activity. Uncertainty also remains over
the correct valuation method for non-market activity.
While we used the proxy good approach in this study,
other methods exist and these may result in quite differ-
ent estimates [12].

We did not estimate productivity losses due to mor-
bidity; this was due to a lack of reliable site-specific data.
However, most previous studies have found that prema-
ture mortality costs constitute the overwhelming major-
ity of the total productivity cost for market activities
[6,7,28,29]. We focused on the potential productivity
losses to the economy of working individuals between
the ages of 15 and 64: non participants in the labour
force were thus explicitly excluded in the base-case ana-
lysis. The choice of 64 as a cut-off age reflected the offi-
cial pensionable age in Ireland in 2009 beyond which the
majority of individuals retire. While the effective re-
tirement age can be lower (or higher) than the pen-
sionable age, in Ireland the effective retirement age is
64.6 for males and 62.6 for females (http://www.oecd.
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org/els/public-pensions/ageingandemploymentpolicies-
statisticsonaverageeffectiveageofretirement.htm).

Conclusion

Lost productivity costs due to cancer-related premature
mortality are significant, amounting to over half a billion
euros in Ireland in 2009. Total lost productivity costs
due to market activities were 1.65 times higher in males
than females, due to higher wages and higher rates of
workforce participation. Lung and breast cancer — but
not prostate cancer - were major contributors to the
overall total cost. Cancers with earlier age at onset and
lower survival, ranked more highly as regards cost per
death. Productivity costs provide an alternative perspec-
tive of the cancer burden on society. They give an indi-
cation of the potential cost savings that could accrue
from effective primary prevention, earlier diagnosis and/
or advances in treatments, and may assist policymakers
in determining allocation of funds among competing
health care interventions, especially during times of con-
strained finances.

Additional file

Additional file 1: The cost of lost productivity due to premature
cancer-related mortality: an economic measure of the cancer
burden.

Abbreviations
YPPLL: Years of potential productive life lost; WASRs: World age-standardised
mortality rates; GDP: Gross domestic product.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

PH contributed to the conception and design of the study, the acquisition of
mortality and economic data, and the calculation of YPPLL and productivity
costs. LS contributed to the conception and design of the study, the acquisition
of mortality data, and the calculation of WASRs. Both authors were involved in
drafting and revising the article, and both have read and approved the final
manuscript.

Acknowledgements

This work was supported by the Irish Health Research Board [grant number
SA/2004/1]. This funding body was not involved at any stage in the conception,
analysis, writing or decision to submit this manuscript for publication.

Author details
'National College of Ireland, Mayor Street, Dublin 1, Ireland. *National Cancer
Registry Ireland, Cork Airport Business Park, Kinsale Road, Cork, Ireland.

Received: 1 November 2013 Accepted: 14 March 2014
Published: 26 March 2014

References

1. Jemal A, Bray F, Centre MM, Ferlay J, Ward E, Forman D: Global cancer
statistics. CA Cancer J Clin 2011, 61:69-90.

2. The EUROCARE Working Group, Verdecchia A, Guzzinati S, Francisci S,
De Angelis R, Bray F, Allemani C, Tavilla A, Santaquilani M: Survival
trends in European cancer patients diagnosed from 1988 to 1999.
Eur J Cancer 2009, 45:1042-1066.


http://www.oecd.org/els/public-pensions/ageingandemploymentpolicies-statisticsonaverageeffectiveageofretirement.htm
http://www.oecd.org/els/public-pensions/ageingandemploymentpolicies-statisticsonaverageeffectiveageofretirement.htm
http://www.oecd.org/els/public-pensions/ageingandemploymentpolicies-statisticsonaverageeffectiveageofretirement.htm
http://www.biomedcentral.com/content/supplementary/1471-2407-14-224-S1.docx

Hanly and Sharp BMC Cancer 2014, 14:224
http://www.biomedcentral.com/1471-2407/14/224

20.

21.

22.

23.

24.

25.

26.

Soerjomataram |, Lortet-Tieulent J, Parkin DM, Ferlay J, Mathers C, Forman D,
Bray F: Global burden of cancer in 2008: a systematic analysis of
disability-adjusted life-years in 12 world regions. Lancet 2012,
380:1840-1850.

Economist Intelligence Unit: Breakaway: the global burden of cancer -
challenges and opportunities. [http://www.livestrong.org/What-We-Do/
Our-Approach/Reports-Findings/Economic-Impact-Report]

Morris S, Cox B, Bosanquet N: Cost of skin cancer in England. Fur J Health
Econ 2009, 10:267-273.

Broekx S, Hond E, Torfs R, Remacle A, Mertens R, D'Hooghe T, Neven P,
Christiaens MR, Simoens S: The costs of breast cancer prior to and
following diagnosis. Eur J Health Econ 2010, 12:311-317.

Tingstedt B, Andersson E, Flink A, Bolin K, Lindgren B, Andersson R:
Pancreatic cancer, healthcare cost, and loss of productivity: a register-
based approach. World J Surg 2011, 35:2298-2305.

Bradley CJ, Yabroff KR, Dahman B, Feuer EJ, Mariotto A, Brown ML:
Productivity costs of cancer mortality in the United States: 2000-2020.

J Natl Cancer Inst 2008, 100:1763-1770.

Yabroff KR, Mariotto AB, Feuer E, Brown ML: Projections of the costs
associated with colorectal cancer care in the United States, 2000-2020.
Health Econ 2008, 17:947-959.

Kim SG, Hahm M, Choi KS, Seung NY, Shin HR, Park EC: The economic
burden of cancer in Korea in 2002. Eur J Cancer Care (Engl) 2008,
17:136-144.

Tarricone R: Cost-of-illness analysis. What room in health economics?
Health Policy 2006, 77:51-63.

Hanly P, O'Ceilleachair A, Skally M, O'Leary E, Staines A, Kapur K, Fitzpatrick P,
Sharp L: Time costs associated with informal care for colorectal cancer: an
investigation of the impact of alternative valuation methods. App! Health
Econ Health Policy 2013, 11:193-203.

World Health Organization: Mortality database. [http://www-dep.iarcfr/
WHOdb/WHOdb.htm]

Central Statistics: Statbank - National Employment Survey. [http://www.cso.ie/
px/pxeirestat/Database/eirestat/National%20Employment%20Survey/
National%20Employment%20Survey_statbank.asp?SP=National Employment
Survey&Planguage=0]

Central Statistics Office: Statbank- Quarterly National Household Survey.
[http//www.cso.ie/px/pxeirestat/Database/eirestat/Quarterly%20National%
20Household%20Survey%20Main%20Results/Quarterly%20National%
20Household%20Survey%20Main%20Results_statbank.asp?SP=Quarterly
National Household Survey Main Results&Planguage=0]

Bergin A, Conefrey T, Gerald JF, Kearney I: Recovery scenarios for Ireland.
Economic and social research institute. Research Series 2009:7. http://www.
esri.ie/publications/latest_publications/view/indexxml?id=2774.

The Economic and Social Research Institute (ESRI): Time-Use in Ireland 2005:
Survey Report. [http://www.esriie/pdf/BKMNINT183_Prelims.pdf]

O'Lorcain P, Walsh PM, Comber H: Cumulative cancer mortality risk and
potential years of life lost to 64 years of age in Ireland, 1953-2002. Eur J
Cancer Prev 2007, 16:167-177.

Health Information and Quality Authority: Guidelines for the economic
evaluation of health technologies in Ireland. [http://www.higa.ie/publication/
guidelines-economic-evaluation-health-technologies-ireland]

Tinghog G, Carlsson P, Synnerstad |, Rosdahl I: Societal cost of skin cancer
in Sweden in 2005. Acta Derm Venereol 2008, 88:467-473.

Tilson L, Sharp L, Usher C, Walsh C, Whyte S, O'Ceilleachair A, Stuart C,
Mehigan B, John Kennedy M, Tappenden P, Chilcott J, Staines A, Comber H,
Barry M: Cost of care for colorectal cancer in Ireland: a health care payer
perspective. Fur J Health Econ 2012, 13:511-524.

Mehnert A: Employment and work-related issues in cancer survivors. Crit
Rev Oncol Hematol 2011, 77:109-130.

National Cancer Registry Ireland: Cancer in Ireland 1994-2007. Annual Report
of the National Cancer Registry. [http://www.ncriie/publications/annual-
statistical-reports/cancer-ireland-1994-2007]

National Cancer Registry Ireland: Cancer in Ireland 1994-2005: a summary.
Cork, Ireland: National Cancer Registry; 2007. http://ncri.ie/pubs/pubfiles/
summary2007.pdf.

National Cancer Registry Ireland: Cancer in Ireland. In Annual Report of the
National Cancer Registry; 2011 [http://www.ncriie/pubs/pubfiles/
AnnualReport2011.pdf]

Krol M, Papenburg J, Koopmanschap M, Brouwer W: Do productivity costs
matter?: the impact of including productivity costs on the incremental

Page 10 of 10

costs of interventions targeted at depressive disorders.
Pharmacoeconomics 2011, 29:601-619.

27. Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell LB: Recommendations
of the panel on cost-effectiveness in health and medicine. JAMA 1996,
276:1253-1258.

28. Hanly P, Timmons A, Walsh PM, Sharp L: Breast and prostate cancer
productivity costs: a comparison of the human capital approach and the
friction cost approach. Value Health 2012, 15:429-436.

29. Hanly P, Walsh PM, O'Ceilleachair A, Skally M, Staines A, Kapur K, Fitzpatrick P,
Sharp L: Work-related productivity losses in an era of ageing populations:
the case of colorectal cancer. J Occup Environ Med 2013, 55:128-134.

doi:10.1186/1471-2407-14-224

Cite this article as: Hanly and Sharp: The cost of lost productivity due to
premature cancer-related mortality: an economic measure of the cancer
burden. BMC Cancer 2014 14:224.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central



http://www.livestrong.org/What-We-Do/Our-Approach/Reports-Findings/Economic-Impact-Report
http://www.livestrong.org/What-We-Do/Our-Approach/Reports-Findings/Economic-Impact-Report
http://www-dep.iarc.fr/WHOdb/WHOdb.htm
http://www-dep.iarc.fr/WHOdb/WHOdb.htm
http://www.cso.ie/px/pxeirestat/Database/eirestat/National%20Employment%20Survey/National%20Employment%20Survey_statbank.asp?SP=National Employment Survey&Planguage=0
http://www.cso.ie/px/pxeirestat/Database/eirestat/National%20Employment%20Survey/National%20Employment%20Survey_statbank.asp?SP=National Employment Survey&Planguage=0
http://www.cso.ie/px/pxeirestat/Database/eirestat/National%20Employment%20Survey/National%20Employment%20Survey_statbank.asp?SP=National Employment Survey&Planguage=0
http://www.cso.ie/px/pxeirestat/Database/eirestat/National%20Employment%20Survey/National%20Employment%20Survey_statbank.asp?SP=National Employment Survey&Planguage=0
http://www.cso.ie/px/pxeirestat/Database/eirestat/Quarterly%20National%20Household%20Survey%20Main%20Results/Quarterly%20National%20Household%20Survey%20Main%20Results_statbank.asp?SP=Quarterly National Household Survey Main Results&Planguage=0
http://www.cso.ie/px/pxeirestat/Database/eirestat/Quarterly%20National%20Household%20Survey%20Main%20Results/Quarterly%20National%20Household%20Survey%20Main%20Results_statbank.asp?SP=Quarterly National Household Survey Main Results&Planguage=0
http://www.cso.ie/px/pxeirestat/Database/eirestat/Quarterly%20National%20Household%20Survey%20Main%20Results/Quarterly%20National%20Household%20Survey%20Main%20Results_statbank.asp?SP=Quarterly National Household Survey Main Results&Planguage=0
http://www.cso.ie/px/pxeirestat/Database/eirestat/Quarterly%20National%20Household%20Survey%20Main%20Results/Quarterly%20National%20Household%20Survey%20Main%20Results_statbank.asp?SP=Quarterly National Household Survey Main Results&Planguage=0
http://www.esri.ie/publications/latest_publications/view/index.xml?id=2774
http://www.esri.ie/publications/latest_publications/view/index.xml?id=2774
http://www.esri.ie/pdf/BKMNINT183_Prelims.pdf
http://www.hiqa.ie/publication/guidelines-economic-evaluation-health-technologies-ireland
http://www.hiqa.ie/publication/guidelines-economic-evaluation-health-technologies-ireland
http://www.ncri.ie/publications/annual-statistical-reports/cancer-ireland-1994-2007
http://www.ncri.ie/publications/annual-statistical-reports/cancer-ireland-1994-2007
http://ncri.ie/pubs/pubfiles/summary2007.pdf
http://ncri.ie/pubs/pubfiles/summary2007.pdf
http://www.ncri.ie/pubs/pubfiles/AnnualReport2011.pdf
http://www.ncri.ie/pubs/pubfiles/AnnualReport2011.pdf

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	General approach
	Data sources
	Estimation methods
	Sensitivity analyses

	Results
	Total deaths, world age-standardised mortality rates (WASRs) and YPPLL by gender
	Base-case analyses: total premature mortality costs, overall and by gender
	Premature mortality cost per death and per YPPLL
	Gender distribution of YPPLL and premature mortality costs by age
	Sensitivity analysis
	Scenario analysis: Lost household production and caring activity

	Discussion
	Cancer burden: the value of a range of perspectives
	Economy-level premature mortality cost burden
	International comparison of premature mortality costs
	Individual cancer sites
	Implications: value of estimates of lost productivity costs
	Strengths and limitations

	Conclusion
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


