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Abstract

The economic burden of cancer in the US is substantial and expected to increase significantly in
the future due to expected growth and aging of the population and improvements in survival as
well as trends in treatment patterns and costs of care following cancer diagnosis. In this paper, we
describe measures of the economic burden of cancer and present current estimates and projections
of the national burden of cancer in the US. We discuss ongoing efforts to characterize the
economic burden of cancer in the US and identify key areas for future work, including developing
and enhancing research resources, improving estimates and projections of economic burden,
evaluating targeted therapies, and assessing the financial burden for patients and their families.
This work will inform efforts by health care policy makers, healthcare systems, and employers to
improve the cancer survivorship experience in the US.
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INTRODUCTION

At the beginning of 2008, approximately 12 million individuals were alive with a history of
cancer in the US (1). The prevalence of cancer survivorship is expected to be even larger in
the future because of the aging and growth of the US population, and improved survival
following diagnosis (2) due to advances in screening, detection, and treatment. This
increasing number of cancer survivors will receive medical care throughout the trajectory of
their cancer experiences, starting with diagnosis and including short- and long-term lasting
side effects of disease and its treatment. Trends towards greater intensity of health care
service use (3,4) and increasing costs of cancer care (3,5-11) are expected to result in a
greater burden of cancer in the future. Estimating and projecting the economic burden of
cancer, including health care expenditures, productivity loss, and morbidity for patients and
their families, are increasingly important issues for health care policy makers, healthcare
systems, physicians, employers, and society overall. In this paper, we describe the temporal
patterns and measures of the economic burden of cancer, present recent national estimates
and projections, and identify key areas for future research.
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Temporal patterns of the economic burden of cancer

Cancer and its treatment result in the loss of economic resources and opportunities for
patients, families, employers, and society overall. These losses include financial loss,
morbidity, reduced quality of life, and premature death. When estimating the economic
burden of disease, the monetary valuation of resources used to treat disease and the loss of
opportunities due to disease is measured as cost. When measured longitudinally starting
from cancer diagnosis, the monthly patterns of medical care use and associated costs of
cancer change over time. Consistent with the intensity of treatment for initial care,
recurrence, and end of life care, cancer costs are highest in the initial period following
diagnosis, and among patients who die from their disease, at the end of life (12-18). Costs
are lowest in the period between the initial and end of life periods, following a “u-shaped”
curve. As shown in Figure 1, this u-shaped medical care cost pattern is consistent across
cohorts of colorectal cancer patients with very different survival times (17). The width and
height of this u-shaped cost curve varies by cancer site, stage at diagnosis, and patient age
(12-14,16,18) and impacts summary measures of incidence and prevalence costs and
informs methods used to estimate these costs.

Incidence and prevalence cancer costs

Cancer costs are typically reported starting at diagnosis or the time of a specific event for a
group of cancer patients defined by clinical characteristics (incidence costs) or for all cancer
survivors alive in a specific year (prevalence costs). Figure 2 shows cost patterns for a series
of hypothetical cancer patients, illustrating incidence and prevalence costs. An incidence
cost estimate in 2001-2002 will include only those patients diagnosed within this period,
and will start at the high cost diagnosis period for patients 4, 5, and 6. Incidence cost
estimates can range from periods of less than 1 year to a lifetime. A prevalence cost estimate
in 2001-2002 will include all patients alive (i.e., patients 1, 3, 4, 5, 6, 7 and 8), but only the
portion of the cost trajectory that occurs during this period. Importantly, the high and low
cost portions of the u-shaped curve included in the prevalence cost estimate vary for these
patients. As with other measures of disease burden, incidence and prevalence estimates in a
given year will be relatively similar when survival is short, because the vast majority of
individuals will have high costs in either arm of the “u”, with few individuals with low costs
at the bottom of the “u” (i.e., most like patient 4 in 2001-2002). For cancers with long
survival, prevalence costs in a given year will be significantly lower than incidence costs in
that year, because the prevalence cost estimate will be predominately composed of survivors
at the bottom of the “u” where costs are lowest (i.e., most like patient 3 in 2001-2002). Both
incidence and prevalence cost measures can be useful for resource allocation and policy and
program planning. Incidence costs are commonly used in cost-effectiveness models, for
decisions about specific therapies or understanding patient and treatment trajectories,
whereas prevalence costs are most commonly used in understanding the overall impact of
disease on local, federal or health plan budgets.

Phase of care approach for estimating cancer costs

One approach for estimating cancer costs, the phase of care approach, uses this u-shaped
cost pattern to divide services, costs and observation time into clinically relevant periods or
phases in relation to diagnosis and death (i.e., initial, continuing, last year of life phases),
which can then be used as an input to estimate either incidence or prevalence costs. Phase of
care-specific cost estimates can be combined with survival following diagnosis to yield
modeled incidence costs (16) or with phase-of care specific cancer prevalence estimates in a
given year to produce prevalence costs for that year (2).
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Because the identification of specific services attributable to cancer compared to other
conditions is complex, attribution of utilization and costs to cancer is typically done in
comparison to individuals without cancer through matching on individual characteristics
(e.g., age, sex) where the difference is measured as a “net cost” or in statistical modeling
(19). Importantly, costs are generally higher for cancer survivors than similar individuals
without cancer in all phases of care (12,16,20,21). It is likely that higher costs of care in the
continuing or monitoring phase of care includes costs associated with late effects of
treatment and care related to ongoing treatment as well as care for recurrences.

Estimates and projections of the national burden of cancer

Cost domains typically include direct medical costs, the use of resources for medical care;
and indirect costs, resulting from the loss of resources and opportunities.

Direct medical costs

Direct medical costs are those associated with services that patients receive, including
hospitalizations, surgery, physician visits, radiation therapy and chemotherapy/
immunotherapy, and are typically measured by insurance payments and patient out-of-
pocket co-payments and deductibles. Within each phase of care, the direct medical costs
associated with cancer vary significantly by cancer site. For example, a recent study reported
that in the year 2010, mean monthly net costs in the elderly were $1,923 for female breast
and $5,074 for female lung cancer patients in the initial phase of care (2). In the continuing
phase of care, mean monthly net costs were $184 and $678, respectively. In the last year of
life among patients who died of cancer, mean monthly net costs were $5,238 and $7,710. As
illustrated in this example, net costs of care were higher in the initial and last year of life
phases of care than in the continuing phase of care and higher for lung than breast cancer
patients in every phase of care.

Incidence costs—Incidence cost estimates are reported at the person level for many time
periods following diagnosis, ranging from several months to patient lifetime (13,16).
Incidence costs can also be reported for all newly diagnosed cancer patients at the aggregate
national level (16).

Prevalence costs—Phase-specific cost estimates can also be combined with phase-
specific prevalence estimates obtained from cancer incidence and survival data to estimate
the prevalence costs of cancer care by year. The prevalence costs of cancer care in the US in
2010 were estimated to be $124.5 billion dollars(2) with highest costs for breast ($16.5
billion), colorectal ($14.1 billion), lymphoma ($12.1 billion), lung ($12.1 billion) and
prostate ($11.9 billion) cancers (Figures 3A and 3B), reflecting the absolute number of
cancer survivors by phases of care and annualized phase-specific cost estimates by cancer
site. A larger proportion of prevalence costs were in the continuing phase of care for cancers
with longer survival, such as breast and prostate cancers, than with short survival, such as
lung and pancreas cancers.

If cancer incidence, survival, and costs of care remained at constant levels, by the year 2020,
the costs of cancer care in the US were projected to increase to $157.8 billion dollars from
$124.5 billion dollars in 2010 (2). This 27% increase in projected costs reflects only US
population changes. If recent trends of declining incidence, improving survival, and
increasing costs continue, the estimated cost of cancer care would increase to $172.8 billion
dollars in 2020, a 39% increase from 2010. As shown in Figure 4, assumptions about trends
in incidence, survival and costs of care have different impacts on the costs for different
cancer sites.
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The majority of estimates of the direct medical costs of cancer have focused on the elderly
population aged 65 and older, the population with the greatest cancer prevalence. Less work
has been conducted in the population of cancer survivors under the age of 65, including
survivors of childhood and adult cancers, and those few studies have predominately reported
prevalence costs (22,23,23-25). Improving national estimates and projections of the direct
medical costs of care for cancer survivors under the age of 65, particularly for incidence
costs, will be a critical area for additional research, because this group has been reported to
receive more aggressive care than older cancer patients (26—28) and may also experience the
consequences of any lasting effects of disease and its treatment for more years than their
elderly counterparts.

Indirect costs

Indirect costs of cancer are the monetary losses associated with time spent receiving medical
care, time lost from work or other usual activities (morbidity costs), and lost productivity
due to premature death (mortality costs). These costs are incurred by patients as well as their
caregivers and families. Because these lost opportunities are not typically reflected in
monetary transactions, the value of lost time must be approximated. The main approaches
for valuing time are the human capital and the willingness-to-pay (WTP) methods. In the
human capital approach, gender- and age- specific average earnings are combined with time
lost from work or years of working life lost due to premature death to estimate unrealized
earnings. This approach explicitly values the time of individuals or populations with greater
earnings as greater than the time of individuals or populations with less earnings. WTP
approaches, in contrast, incorporate both lost productivity and the intrinsic value of life, by
estimating the amount an average individual or populations of individuals would be willing
to pay for an additional year of life. Because cancer incidence and mortality rates are highest
in the elderly, a population less likely to be in the workforce than their younger counterparts,
these valid, but conceptually different approaches yield very different estimates of the
indirect costs of cancer.

Patient time and morbidity costs—Patient and caregiver time data, including travel to
and from care, waiting for and receiving care, are not routinely collected. In the few studies
of time costs that have been conducted, time estimates have been based on patterns of
medical care use with service specific estimates of time (12) or retrospective surveys with
questions about time spent receiving care or providing assistance (29-32), and then
combined with human capital or WTP estimates of the value of that time. These time costs
vary by the type of cancer (12,29,33), phase of care (12,33), and by stage of disease at
diagnosis (29). Morbidity due to disease or its treatment can be conceptualized as lost
productivity (i.e., days lost from work) or more broadly as the loss of ability to participate in
usual activities, including leisure. From the perspective of employers, costs associated with
lost productivity due to employee disability and absenteeism among cancer survivors are
likely to be substantial (21,34). Comprehensive national estimates of the incidence or
prevalence costs associated with patient and caregiver time or morbidity are not currently
available in the US.

Mortality costs—Few studies have assessed the mortality costs associated with premature
death from cancer. Mortality costs are the combination of estimates of the future person
years of life lost among individuals who die in a specific year with a monetary value of time,
yielding an estimate that reflects lost productivity in the future. Two companion studies of
mortality costs in the year 2000 based on the same population estimates and mortality rates,
reported the value of life lost due to early death from cancer to be $960.6 billion (35) using
the WTP method, compared with $115.8 billion (36) using the employment-based human
capital method. As expected, the biggest differences in these estimates were in the elderly,
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due to differences in how years of life lost for the elderly were valued. Similar to national
estimates of the direct medical costs of cancer, mortality costs were highest for lung, breast,
and colorectal cancers with both approaches, although the magnitude of estimates varied.
Others have estimated the indirect costs for specific cancers using similar data sources and
assumptions (37,38). Regardless of the approach, in the few studies that estimate both
mortality costs and direct costs of medical care, mortality cost estimates are generally at
least the equivalent of the direct costs of medical care (39,40).

Projections of the indirect and productivity costs associated with cancer are also affected by
expected changes in the US population. If cancer mortality rates remain constant at 2000
levels, lost productivity valued with the human capital approach is estimated to increase
from $115.8 billion in 2000 to $147.6 billion in 2020, a 27.5% increase due only to
population growth and aging (36). Studies of the indirect burden of cancer for individuals of
all ages, particularly those that provide comprehensive national estimates of patient and
caregiver time costs, lost productivity, and mortality costs will be important for future
research. Inclusion of these estimates along with direct medical costs will give a more
complete picture of the burden of cancer in the US. Additionally, patient and caregiver time
costs are recommended for inclusion in cost-effectiveness analyses (41); their exclusion may
lead to a bias towards underestimating the costs of interventions that place a higher burden
on the cancer patient and informal caregivers (42).

Improving understanding of the economic burden of cancer in the US

In this section, we discuss common data sources for estimating cancer burden and identify
areas for improving data sources and methods. We also highlight key areas for future
research, including detailed projections of the burden of cancer, evaluation of targeted
therapies, and investigation of financial burden to cancer survivors and their families.

Data sources for estimating the burden of cancer

Most data sources in the US were not developed for research in or developing estimates of
the economic burden of cancer, and as a result have limitations associated with their use for
estimating direct or indirect costs (43). Selected data sources for estimating the economic
burden of cancer are detailed in Table 1. Individual level longitudinal data across the
trajectory of illness are only available within the context of covered populations in discrete
health insurance programs (e.g., linked SEER — Medicare data) and are not nationally
representative. By definition, information about care received for patients who are uninsured
is not available. Importantly, information about care received outside of an insurance
program, and in some cases, in cancer centers or as part of clinical trials are not be available.
Because a high proportion of children with cancer receive care at cancer centers or in
clinical trials (i.e., more than 50% under age 14 enter an NCI-sponsored clinical trial (44)),
existing health insurance program data are limited for estimating economic burden in this
population.

Nationally representative surveys (e.g., Medical Expenditure Panel Survey (MEPS)) and
discharge databases (e.g., Healthcare Cost and Utilization Project (HCUP)) include
information from all payers as well as for patients who are uninsured, but are typically
cross-sectional or of limited duration, and may not include key clinical details about cancer
patients such as stage of disease at diagnosis or the full course of treatment. Hospital
discharge data are limited to a specific type of service — inpatient hospitalizations — and can
be used for estimating direct medical costs of hospitalization or patient time associated with
hospitalization. Employer-sponsored commercially insured databases have also been used in
estimating cancer costs (21,34,45), but these data typically do not provide details about
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employers, covered individuals and their families, or stage and date of diagnosis. Few data
sources include information about patient and family out-of-pocket costs.

Until recently, the MEPS had limited utility for estimating cancer burden because only the
subset of individuals receiving treatment for cancer during a specific period were identified,
rather than all patients with a history of a cancer diagnosis (“treated prevalence”). Recent
changes in the identification of cancer survivors combined with efforts to add households
with cancer survivors to the MEPS will allow for more complete estimates of the burden of
cancer care for adult cancer survivors (46). This effort will also field a questionnaire about
patient experiences with cancer, including employment and productivity and other measures
of indirect costs that can be evaluated with medical costs of care.

Increasingly data linkages, between cancer registry and insurance claims, surveys and
discharge databases, and between registry and multiple health insurance data sources within
states will help to bridge some data gaps (46—-48). Ongoing efforts to improve research
resources through the linkage and enhancement of existing data sources, including
information from clinical trials and cancer centers, is an important area for additional work
in estimating direct medical and indirect costs of cancer care.

estimating burden of cancer

Use of different data sources which cover different patient populations, payors, and types of
services or other measures can yield very different estimates of the costs of care associated
with cancer (22,49). Further, even within the same data sources, the methods for identifying
cancer survivors or caregivers can yield different estimates of cost (17,23,49). For example,
in studies using the same data source, years of data, observation periods, and exclusion
criteria, use of Medicare claims data to identify colorectal cancer survivors overestimated
annual prevalence costs compared with using cancer registry data to identify survivors
(mean net per-person annual costs $8736 vs. $5457, respectively (49)). ldentifying a “treated
prevalence” sample using claims for cancer care excludes longer-term cancer survivors who
may be receiving care for late effects of cancer treatment, but not receiving cancer-related
surgery, chemotherapy, or radiation therapy. Identifying a “treated prevalence” sample for
estimating patient morbidity or time costs will also overestimate costs compared with a
representative sample of individuals with a cancer history. Currently, global estimates of the
burden of cancer including direct and indirect costs are developed using different data
sources, patient populations and method for identifying patients, with little consideration of
how best to combine these estimates in a meaningful way. Head-to-head comparisons of
different data sources and methods using the same standard study criteria, patient samples
and definitions will inform the combination of estimates across data sources and
populations. Comparisons using standard definitions and methods across health care systems
within and between countries (50) will also enhance understanding of the role of systems of
health care delivery on the burden of cancer.

Projections of the economic burden of cancer

The projections of direct and indirect medical costs associated with cancer presented earlier
are based in broad assumptions that current or recent incidence, survival or mortality rates
remain the same, trends from prior years continue, or trends continue at a hypothetical level
(e.g., 2% increase annually) (2,35,36). To assess the impact of specific interventions, such as
efforts to increase the use of effective chemotherapy on the costs of care, more detailed
microsimulation models of the natural history of disease that include information about risk
factor prevalence, screening uptake and performance, and treatment uptake and
effectiveness, such as those included in the NCl-sponsored Cancer Intervention Surveillance
Modeling Network (CISNET) (51), are needed. Such simulation efforts can be particularly
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useful for policy makers faced with having to choose how best to allocate constrained
resources to reduce the burden of cancer in the future.

Targeted therapies

The average cost of newly developed cancer treatments, primarily targeted therapies (e.g.,
monoclonal antibodies and small molecule drugs), has risen dramatically over the past
decade (5,6). For example, one month of bevacizumab for the treatment of colorectal cancer
and one month of ofatumumab for chronic lymphocytic leukemia may cost up to $9,000 and
$16,000, respectively. Pralatrexate for the treatment of peripheral T-cell lymphoma can
amount to $30,000 per month while the cost of one week of clofarabine treatment for
pediatric leukemia may reach as high as $34,000 (52). Currently, nine monoclonal
antibodies are approved by the US Food and Drug Administration for the treatment of
cancer (53) and many others are in development.

Advances in identification of genetic mutations associated with treatment response allow the
tailoring of treatment to individual patients. Limiting the use of expensive therapies to
patients with genetic profiles associated with treatment response may reduce the program
costs of these treatments. For example, colorectal cancer patients carrying KRAS mutations
do not respond to treatment with cetuximab or panitumumab (54), and by restricting the use
of cetuximab to patients without the KRAS mutations, the incremental cost effectiveness
ratio is more favorable (55). These estimates excluded other treatment-related costs,
including hourly infusion and oncology visit costs and patient waiting and travel time (56),
which can be significant. Further, because the goal is to identify patients most likely to
respond to targeted therapies, all potentially eligible patients must be tested, including those
for whom treatment will not ultimately be indicated. Finally, the increase in median survival
attributed to treatment with many of these targeted therapies, even among those most likely
to respond, is typically only a few additional months (6). Currently, little is known about the
utilization and effectiveness of targeted therapies in community practice. Estimating and
projecting their uptake and cost, appropriate use of genetic tests to personalize therapy, and
impact on patient morbidity and survival are important areas for future research.

Financial burden of cancer

The emerging use of targeted therapies highlights a critical data and research gap — out-of-
pocket costs and financial burden to patients and their families. Because most health
insurance plans require some form of cost-sharing for drug therapy (20% copayment is
typical), patients and their families with health insurance may face bills of tens of thousands
of dollars for a full course of treatment. Patients may delay treatment or fail to seek care
because of high patient cost-sharing. High costs pose an even greater problem for the
uninsured. A recent national study estimated that more than 2 million cancer survivors in the
US did not receive needed medical services because of cost (57). Medical care expenses
were recently reported to be the primary reason for many bankruptcies, with cancer as a
leading cause (58).

Because health insurance in the US is predominantly employment-based in the working age
population, its relationship with the economic burden of cancer survivorship is complex. A
cancer diagnosis may limit employment opportunities, which in turn may lead to a loss of
health insurance. Informal caregiving may also influence employment for caregivers,
potentially limiting a caregiver’s ability to hold a full-time position or resulting in higher
rates of absenteeism, particularly when the patient travels long distances for specialized care
and/or when the patient is a child (59). Alternatively, maintaining health insurance coverage
may lead cancer survivors or their employed family caregivers to work longer hours (60,61)
or continue working (62) and delay retirement. Evaluation of financial burden and
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employment and health insurance trajectories in cancer survivors and their families will be
an important area for additional research, particularly in relation to changes in health
insurance from the Affordable Care Act (ACA).

Economic burden of long term survivorship

To date, little work has focused on the economic burden of long term cancer survivorship,
outside of the initial period following diagnosis or the end of life (63), including late or
lasting effects of treatment or recurrences. Late effects of treatment and recurrences are not
routinely collected by most cancer registries, nor are they clearly identifiable from claims
data. In the few studies that have been conducted, survivors of adult and childhood cancers
have poorer health outcomes, increased functional limitations, and elevated health-related
unemployment and underemployment levels compared to similar individuals without cancer,
even many years after diagnosis (20,60,64,65). Few studies have measured trajectories of
medical costs, health outcomes, or employment over a lifetime. Such studies are particularly
relevant for survivors of childhood cancer. Even though they are a small proportion of
cancer survivors (< 5% (1)), they have many years to experience any late or lasting effects
of treatment, including risk of subsequent cancers. Additional work estimating and
projecting the economic burden for longer term cancer survivors, including direct medical
costs, indirect costs, and impacts on employment, productivity loss and financial burden will
be important for future research.

In summary, the economic burden of cancer in the US is substantial and is expected to
increase significantly due to population changes alone. Key areas for future efforts include:
developing and enhancing research resources; improving estimates and projections of
burden, particularly indirect costs; evaluating use and effectiveness of targeted therapies;
and financial burden of cancer for patients and their families. This work will inform efforts
by health care policy makers, healthcare systems, and employers to improve the cancer
survivorship experience in the US.
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Figure 1.

Monthly Costs of Care for Colorectal Cancer Patients by Length of Survival
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Figure 2.
Incidence and Prevalence Costs of Cancer Care

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2012 October 1.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Yabroff et al. Page 14

3A

Female Breast
Colorectal
Lymphoma |
Lung
Prostate
Leukemia |
Ovary
Brain
Bladder
Kidne M Initial

Head lntllJ tlgf':s M Continuing

Melanoma Last Year of Life
Pancreas

Stomach
Cervix
Esophagus
Other i

0 5000 10000 15000 20000 25000
Dollars in Billions

Source: Mariotto et al., J Natl Cancer Inst 2011;103:117-128.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2012 October 1.



duasnuely Joyiny vVd-HIN 1duosnuey JoyIny vd-HIN

duasnuely Joyiny vd-HIN

Yabroff et al. Page 15

3B

Female Breast
Colorectal
Lymphoma
Lung
Prostate
Leukemia
Ovary

Brain

Bladder
Kidney

Head and Neck
Uterus
Melanoma
Pancreas
Stomach
Cervix
Esophagus
Other

M Initial

M Continuing
I Last Year of Life

Source: Mariotto et al., J Natl Cancer Inst 2011;103:117-128.

Figure 3.

A. Estimates of the National Expenditures for Cancer Care in the US in 2010 (in billions of
dollars), by Cancer Site and Phase of Care

B. Estimates of the Proportion of National Expenditures for Cancer Care in the US in 2010
(in billions of dollars), by Cancer Site and Phase of Care
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Figure 4.
Estimates of National Expenditures for Selected Cancers in 2010 and 2020: Impact of
Assumptions About Trends in Incidence, Survival and Costs of Care
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