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Purpose
To present nationally representative estimates of the impact of cancer survivorship on medical
expenditures and lost productivity among adults in the United States.

Methods

Using the 2008 to 2010 Medical Expenditure Panel Survey, we identified 4,960 cancer
survivors and 64,431 individuals without a history of cancer age = 18 years. Direct medical
costs were measured using annual health care expenditures and examined by source of
payment and service type. Indirect morbidity costs were estimated from lost productivity as
a result of employment disability, missed work days, and lost household productivity. We
evaluated the economic burden of cancer survivorship by estimating excess costs among
cancer survivors, stratified by time since diagnosis (recently diagnosed [= 1 year] and
previously diagnosed [> 1 year]), compared with individuals without a history of cancer using
multivariable regression models stratified by age (18 to 64 and = 65 years), controlling for age,
sex, race/ethnicity, education, and comorbidities.

Results
In 2008 to 2010, the annual excess economic burden of cancer survivorship among recently

diagnosed cancer survivors was $16,213 per survivor age 18 to 64 years and $16,441 per survivor
age = 65 years. Among previously diagnosed cancer survivors, the annual excess burden was
$4,427 per survivor age 18 to 64 years and $4,519 per survivor age = 65 years. Excess medical
expenditures composed the largest share of the economic burden among cancer survivors,
particularly among those recently diagnosed.

Conclusion

The economic impact of cancer survivorship is considerable and is also high years after a cancer
diagnosis. Efforts to reduce the economic burden caused by cancer will be increasingly important
given the growing population of cancer survivors.

J Clin Oncol 31:3749-3757. © 2013 by American Society of Clinical Oncology

Cancer survivorship is associated with sub-
stantial medical expenditures and lost productiv-

An estimated 13.7 million Americans with a history
of cancer were alive in 2012." Cancer survivorship
prevalence has increased substantially over time and
is anticipated to increase further given advances in
treatment, early detection, increased life expectancy,
and an aging population.> As the number of cancer
survivors increases, the importance of understand-
ing the unique needs of this population also grows.
Cancer treatment is associated with such long-term
health effects as cardiotoxicity, lymphedema, sexual
dysfunction, incontinence, pain and fatigue, cogni-
tive dysfunction, and psychological distress.” Cancer
survivors also have an increased risk of second-
ary cancers.*

ity, including employment disability, fewer hours
worked, and more missed work days.®!" Previous
studies of medical expenditures have used cancer
registry data linked to administrative claims or
encounter data in the Medicare population'? or
among individuals with managed care coverage in
specific geographic regions.'>'* Studies assessing
expenditures nationally have only included can-
cer survivors receiving cancer-related health
care.'® The few studies that have assessed multiple
components of the economic burden of survivor-
ship were conducted in a single state.'®'® To our
knowledge, no study quantifies both medical ex-
penditures and indirect morbidity cost of lost
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productivity among adult cancer survivors of all ages at the na-
tional level.

In this study, we used nationally representative data to estimate
direct medical costs and indirect morbidity costs among adult cancer
survivors compared with individuals without a history of cancer. We
examine direct medical costs by examining annual health care expen-
ditures and indirect morbidity costs by examining lost productivity
associated with employment disability, missed work days, and lost
household productivity.

Data

We used data from the 2008 to 2010 Medical Expenditure Panel
Survey (MEPS) Household Component, a nationally representative sam-
ple of the US civilian noninstitutionalized population. Each year, a MEPS
panel is selected from a sample of households that participated in the
National Health Interview Survey the previous year. The panel is followed
for 2 years through five rounds of in-person interviews, in which an
individual typically responds for all family members in the household.
Overlapping panels were combined from the 2008 to 2010 MEPS, with the
final response rate ranging from 53.5% to 59.3%. MEPS collects detailed
information on sociodemographic characteristics, health care expendi-
tures, and employment characteristics. More detailed information on the
MEPS survey design and content is available elsewhere.'**

Analytic Sample

We defined a cancer survivor as any person who has ever been diagnosed
with cancer. We identified 4,960 adult cancer survivors from a question asking
whether a doctor or other health professional had ever told them they had
cancer or a malignancy of any kind. The remaining 64,431 adults with no
reported history of cancer were used as the comparison group. Individuals
with missing data on cancer history were excluded (n = 121). Individuals
diagnosed solely with nonmelanoma skin cancer were not classified as cancer
survivors and were included in the comparison group.'®

Sample characteristics of cancer survivors at the time of the survey
included age, sex, race/ethnicity, educational attainment, marital status, num-
ber of MEPS priority conditions, health status, body mass index, and health
insurance status. All analyses were stratified by age (18 to 64 and = 65 years).
Cancer survivors were stratified by time since diagnosis, which was calculated
by subtracting age at diagnosis from age at the time of the survey. Because
previous studies of medical expenditures have reported different treatment
patterns in the first 6 to 12 months after diagnosis and later periods,®*' we
stratified cancer survivors as either recently diagnosed (= 1 year) or previously
diagnosed (> 1 year).®'® Cancer survivors reporting an implausible age of
diagnosis were assumed to have misinterpreted the question and were ex-
cluded."® The economic burden of cancer survivorship was measured by
comparing direct medical costs and indirect morbidity costs between cancer
survivors and individuals without a history of cancer. Data were analyzed
using Stata version 12.0 (Stata, College Station, TX) to account for the complex
survey design.

Annual Direct Medical Costs

Direct medical costs were estimated using total annual medical expendi-
tures, by source of payment (out-of-pocket, private insurance, Medicare,
Medicaid, and other sources) and service type (ambulatory care, inpatient
care, prescription medications, and other services). Medical expenditures were
adjusted to 2010 dollars using the Personal Health Care Expenditure Price
Index.?? The overall price index was applied to total expenditures while indi-
vidual components were applied to each service type.

We controlled for age, sex, race/ethnicity, and number of comorbid
conditions in adjusted analyses of medical expenditures. To account for skew-
ness in the distribution of medical expenditures, we used generalized linear
models with a gamma distribution and alog link. Adjusted mean expenditures
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are presented as predictive margins, which standardize expenditures to the
covariate distribution of the overall population.*?

Annual Indirect Morbidity Costs

We measured indirect morbidity costs by assessing the lost productivity
associated with individuals who are unable to work because of their health,
days of work missed by workers because of their health, and days spent in bed
by all individuals because of their health (in addition to days off work).
Predictive margins from logistic regression modeling were used to estimate the
percentage of individuals reporting employment disability controlling for age,
sex, race/ethnicity, number of comorbid conditions, and education. Produc-
tivity loss from employment disability was calculated by multiplying the ad-
justed percentage unable to work as a result of illness or injury by the median
annual wage ($33,721) from the Bureau of Labor Statistics.** We used median
wage instead of actual wages because actual wages would result in a lower value
for vulnerable subpopulations, raising equity concerns.”®

Employed individuals were asked how many days (half-day or more) of
work they missed as a result of illness, injury, or mental or emotional problems.
All individuals, regardless of work status, were also asked about additional
missed days, other than work or school, in which they spent at least a half-day
in bed as a result of illness or injury. Negative binomial regression models were
used to estimate the impact of cancer survivorship on the number of missed
work days and additional bed days controlling for age, sex, race/ethnicity,
number of comorbid conditions, and education. Because the MEPS does not
differentiate between missed full and partial days, we assumed each missed
work day to be 6 hours.*>*® Lost productivity from missed work days was
calculated as the product of the adjusted average number of missed days and
cost per day using the median hourly wage ($16.21) from the Bureau of Labor
Statistics.”* Lost household productivity was calculated by multiplying the
average number of additional bed days by the value of daily household pro-
ductivity ($40.61).%” All productivity costs were adjusted to 2010 dollars using
the Consumer Price Index.”®

National-Level Aggregate Economic Burden Estimates

Cancer prevalence estimates derived from national surveys differ from
those derived from cancer registries.zg'3 ! To address this variation, we created
a plausible range of national-level aggregate net medical expenditures and
indirect costs, using prevalence estimates from the MEPS sample weights and
age-specific estimates from cancer registries." Per capita excess expenditures
and indirect costs were multiplied by the number of cancer survivors per

age group.

Sensitivity Analysis

We conducted sensitivity analyses to examine the uncertainty of our
estimates. All medical expenditure estimates included 95% ClIs to demonstrate
the lower and upper bounds of our estimates. Additionally, 95% CIs of the
three indirect cost components were carried through to calculate lower and
upper bounds of the indirect morbidity cost estimates. We also examined the
sensitivity of our indirect morbidity cost estimates to the choice of wage and
household productivity values by constructing lower and upper bounds using
the 25th and 75th percentiles of national wage values and 50% and 150% of
daily household productivity values.

Characteristics of Cancer Survivors and Individuals
Without Cancer

Cancer survivors were more likely to be older than individuals
without a history of cancer, particularly among those age 18 to 64 years
(Table 1). Compared with individuals without cancer, a higher pro-
portion of cancer survivors age 18 to 64 years were women. Cancer
survivors in both age groups were more likely to be non-Hispanic
white, have more comorbid conditions, and report being in fair or
poor health compared with individuals without a history of cancer.

JOURNAL OF CLINICAL ONCOLOGY
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Table 1. Demographic and Clinical Characteristics of the Study Population: Cancer Survivors and Individuals With No History of Cancer:
Medical Expenditure Panel Survey, 2008 to 2010

Age 18-64 Years Age = 65 Years
Cancer Survivor Cancer Survivor
Recently Previously Recently Previously
Diagnosed Diagnosed . Diagnosed Diagnosed )
(=1 year; (> 1 year; No History (=1 year; (> 1 year; No History
n = 348) n=1,.993) of Cancer n=214) n=2,104) of Cancer
(n = 55,972) (n = 8,459)
Characteristic % P % P % % P % P %
Age, years
18-29 8.5 <.001 4.9 < .001 27.6
30-34 4.5 3.2 10.5
35-39 6.4 5.2 10.6
40-44 6.0 8.9 11.0
45-49 121 11.6 11.2
50-54 12.4 16.9 11.5
55-59 22.0 215 9.6
60-64 28.1 27.8 7.9
65-69 33.7 1750 234 <.001 32.4
70-74 24.9 22.3 23.0
75-79 241 20.6 18.3
80+ 17.4 33.7 26.3
Sex
Men 46.3 .3062 32.8 <.001 50.3 58.8 .0015 46.9 .0021 41.8
Women 53.7 67.2 49.7 41.2 53.1 58.2
Race/ethnicity
Non-Hispanic white 82.4 <.001 81.7 <.001 64.8 86.0 <.001 87.9 <.001 76.5
Non-Hispanic black 8.8 7.7 12.3 8.4 5.8 9.4
Hispanic 5.6 7.0 15.7 3.1 3.7 8.4
Non-Hispanic other 3.2 35 7.2 2.6 2.5 B.7
Education
Less than high school graduate 131 .2634 1.4 < .001 16.3 19.9 .5138 18.4 <.001 23.9
High school graduate 29.1 30.2 29.1 37.7 34.6 34.8
Some college or more 57.6 58.4 54.2 42.3 46.7 40.8
Marital status
Married 58.7 .0753 62.1 <.001 52.9 63.2 .0361 54.9 7134 54.1
Not married 41.3 37.9 471 36.8 451 45.9
No. of priority conditionst
None 25.7 <.001 26.5 <.001 52.8 4.5 .0048 6.1 <.001 8.3
1 20.2 25.8 23.8 10.8 13.7 16.1
2 26.9 20.4 12.5 29.2 211 23.9
=3 271 27.4 10.8 55.4 59.1 51.7
Health status
Excellent/very good 36.1 < .001 421 < .001 62.3 29.7 <.001 39.6 <.001 45.8
Good 29.7 31.6 27.3 37.3 325 32.7
Fair/poor 34.2 26.2 10.5 33.0 27.7 21.2
BMI, kg/m?
Not overweight/obese, < 25.0 27.2 .0580 321 .0529 35.3 27.7 .5056 34.9 .0120 31.3
Overweight/obese, = 25.0 66.5 64.0 61.8 64.5 58.2 63.3
Health insurance
Age < 65 years, any private 74.7 < .001 75.9 < .001 70.8
Age < 65 years, public only 18.0 13.4 10.1
Age < 65 years, uninsured 7.3 10.6 19.1
Age = 65 years, Medicare and 55.4 .1970 54.5 .0012 49.2
private
Age = 65 years, Medicare and 8.0 8.4 10.8
public
Age = 65 years, Medicare only 34.9 36.2 38.6

Abbreviation: BMI, body mass index.

“Compared with those without a history of cancer.

TIn addition to cancer, Medical Expenditure Panel Survey priority conditions include arthritis, asthma, diabetes, emphysema, coronary heart disease, hypertension,
stroke, high cholesterol, angina, and heart attack.

www.jco.org © 2013 by American Society of Clinical Oncology 3751
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Fig 1. Percentage of medical expendi-
tures by (A) source of payment and (B)
service type. Recently diagnosed was de-
fined as being diagnosed = 1 year from
the time of survey, previously diagnosed
was defined as being diagnosed more
than 1 year from the time of survey.
Adjusted percentages are from predicted
marginals from a generalized linear model
with a gamma distribution and a log link
controlling for age, sex, race/ethnicity, and
number of comorbid conditions. Other
payment sources included Veterans Affairs,
TRICARE, other federal sources, other state
and local sources, worker's compensation,
other unclassified sources, other private
sources, and other public sources. Ambula-
tory care includes office-based provider vis-
its and outpatient visits. Other services
include emergency room visits, home
health visits, dental visits, vision expenses,
and other medical expenditures.
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Among those age 18 to 64 years, cancer survivors were less likely to be
uninsured than individuals without a history of cancer.

Annual Direct Medical Costs

Cancer survivors had higher mean annual medical expenditures
than individuals without a history of cancer. Recently diagnosed can-
cer survivors age 18 to 64 years had average annual total medical
expenditures of $17,170, compared with $6,485 among previously
diagnosed survivors and $3,611 among those without a history of
cancer. Among those age = 65 years, mean annual total medical
expenditures were $23,441 among recently diagnosed cancer survi-
vors, $12,357 among previously diagnosed survivors, and $8,724 for
those without a history of cancer (Table 2). The largest source of
payment for cancer survivors age 18 to 64 years was private health
insurance, whereas the largest share among survivors age = 65 years
was Medicare (Fig 1A). Among cancer survivors age 18 to 64 years,
ambulatory care accounted for the largest share of medical expendi-
tures, whereas inpatient care accounted for the largest share among
those age = 65 years (Fig 1B).

The plausible range of aggregate net annual medical expenditures
was $25.2 to $41.7 billion among cancer survivors age 18 to 64 years
and $37.3 to $48.1 billion among survivors age = 65 years. The largest
share of aggregate net expenditures came from ambulatory care, fol-
lowed by inpatient care, prescription medications, and other services
(Fig 2).

WwWw.jco.org

Annual Indirect Morbidity Costs

Cancer survivors age 18 to 64 years were more likely to report
employment disability, an increased number of missed work days as a
result of health, and an increased number of additional days spent in
bed as a result of health than individuals without a history of cancer.
Among individuals age 18 to 64 years, total annual per capita lost
productivity was $4,694 among recently diagnosed cancer survivors,
$3,593 among previously diagnosed survivors, and $2,040 among
individuals without a history of cancer.

Among cancer survivors age = 65 years, those recently diagnosed
reported significantly more lost household productivity compared
with individuals without a history of cancer, whereas no significant
difference was observed among those previously diagnosed. Although
cancer survivors in this age group had an increased likelihood of
employment disability and an increased number of missed work days
as a result of health than individuals without a history of cancer, the
differences were not statistically significant. Among individuals age =
65 years, total annual per capita lost productivity was $6,133 among
recently diagnosed cancer survivors, $5,295 among previously diag-
nosed survivors, and $4,409 among individuals without a history of
cancer (Table 3).

The plausible range of aggregate annual net productivity loss
among cancer survivors was $9.6 to $16.0 billion among those age 18
to 64 years and $8.2 to $10.6 billion among those age = 65 years. The
largest share of aggregate lost productivity across both age groups

© 2013 by American Society of Clinical Oncology ~ 3753
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Fig 2. Aggregate annual net medical expenditure ranges by service type among
adult cancer survivors (A) age 18 to 64 years and (B) age = 65 years. National
level aggregate net medical expenditures were calculated by multiplying the
number of cancer survivors in each age group by the per-person excess
expenditure. Prevalence estimates from the Medical Expenditure Panel Survey
(MEPS) sample weights and age-specific estimates calculated from cancer
registries’ were used to estimate a plausible range. Ambulatory care includes
office-based provider visits and outpatient visits. Other services include emer-
gency room visits, home health visits, dental visits, vision expenses, and other
medical expenditures.

came from employment disability, followed by missed work days and
lost household productivity (Fig 3).

Sensitivity Analysis

Among cancer survivors age 18 to 64 years, per capita excess
annual medical expenditures ranged from $9,947 to $17,171 (base
case: $13,559) among those recently diagnosed and from $2,010 to
$3,738 (base case: $2,874) among those previously diagnosed. Ex-
cess annual indirect morbidity costs ranged from $1,704 to $4,208
(base case: $2,654) per recently diagnosed cancer survivor and
from $992 to $2,459 (base case: $1,553) per previously diagnosed
survivor. Among cancer survivors age = 65 years, per capita excess
annual medical expenditures ranged from $10,065 to $19,367 (base
case: $14,717) among those recently diagnosed and from $3,052 to
$4,213 (base case: $3,633) among those previously diagnosed. Meanwhile,
excess annual indirect morbidity costs ranged from $1,075 to $2,715 (base
case: $1,724) per recently diagnosed cancer survivor and from $570 to
$1,406 (base case: $886) per previously diagnosed survivor.
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This study demonstrates that cancer survivorship is associated with a
considerable economic impact on society. In 2008 to 2010, the annual
excess economic burden of cancer survivorship among those recently
diagnosed was $16,213 per cancer survivor age 18 to 64 years and
$16,441 per survivor age = 65 years. The annual excess economic
burden among those previously diagnosed was $4,427 per cancer
survivor age 18 to 64 years and $4,519 per survivor age = 65 years.
Excess medical expenditures composed the largest share, accounting
for 83.6% and 89.5% of the total excess burden among recently diag-
nosed cancer survivors and 64.9% and 80.4% among previously diag-
nosed survivors age 18 to 64 years and = 65 years, respectively. To our
knowledge, this is the first study to quantify both medical expenditures
and lost productivity as a result of cancer survivorship in adults of all
ages at the national level, using the same data source, allowing for
important comparisons of the economic burden between groups and
by type of burden.

An important study strength is our ability to examine medical
expenditures by care setting and source of payment, including out-of-
pocket expenditures, because many previous studies examined expen-
ditures in a single setting (eg, hospital)** or for a single insurer.'*"'*
Opverall, the largest source of payment among cancer survivors age 18
to 64 was private insurance, whereas Medicare was the largest source
among those age = 65 years. The relative contribution of medical
expenditures by source of payment differed between groups; for ex-
ample, Medicare accounted for a larger proportion and private insur-
ance accounted for a smaller proportion of expenditures among
previously diagnosed cancer survivors compared with those recently
diagnosed and those without a history of cancer among individuals
age 18 to 64 years. This may be a result of several factors including
shifts in employment and disability-related Medicare eligibility.*®
Out-of-pocket expenditures were higher among cancer survivors than
individuals without a cancer history, particularly among those re-
cently diagnosed, with annual excess expenditures averaging $490 and
$491 among those age 18 to 64 years and = 65 years, respectively.
Given changes in insurance related to the Patient Protection and
Affordable Care Act, it is important to monitor medical expenditures
by source of payment.

Cancer survivors are more likely to incur higher indirect morbid-
ity costs than individuals without a cancer history. An important
strength of this study is the ability to examine costs separately among
working-age adults and those age = 65 years. Our results indicate that
excess lost productivity was greater among working-age adults and
those recently diagnosed with cancer. Lost productivity differed sub-
stantially across groups; for example, recently diagnosed cancer survi-
vors had significantly more lost work days than those previously
diagnosed and those without a history of cancer.

Aggregate national estimates of excess medical expenditures and
morbidity costs among cancer survivors ranged from $80.4 to $116.5
billion, depending on whether the estimates were derived from regis-
tries or household reports. There are several possible reasons for the
difference in estimated prevalence. Compared with registry-based
methods, household-reported cancer history under-identifies rare
and short-survival, high-cost cancers.”>** Additionally, because the
cancer history question included malignancy of any type, household
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Fig 3. Aggregate annual net productivity loss ranges among adult cancer
survivors (A) age 18 to 64 years and (B) age = 65 years. National-level aggregate
net productivity loss was calculated by multiplying the number of cancer
survivors in each age group by the per-person excess cost. Prevalence estimates
from the Medical Expenditure Panel Survey (MEPS) sample weights and age-
specific estimates calculated from cancer registries’ were used to estimate a
plausible range.

report likely over-identifies individuals with preinvasive disease. Thus,
our per capita estimates are likely understated.

Our national estimates of medical expenditures are lower than
most previous estimates,”* reflecting differences in the samples of
cancer survivors identified. Previous studies in cohorts of newly diag-
nosed incident patients with cancer have shown expenditures to be the
highest after diagnosis and at the end oflife and lowest in the interme-
diate phase.>”'>** However, because the majority of cancer survivors
in a specific year are longer term cancer survivors, with approximately
two thirds = 5 years since diagnosis,’® prevalent cancer survivors in
the MEPS will primarily be those in the intermediate, low-cost period.
Additionally, previous studies examining cancer care costs among
individuals age 18 to 64 years using earlier years of the MEPS'>>%*”
only captured cancer survivors with cancer-related health care during
the survey year, resulting in an overestimation of per-person medical
expenditures.® Only recently has the MEPS allowed for the identifica-
tion of all adults ever diagnosed with cancer. Our estimates are consis-
tent with the only other study using a prevalence-based definition of
cancer survivors and MEPS data to examine medical expenditures
among adults age less than 65 years.® Our study builds on this analysis,
also assessing medical expenditures among adults age = 65 years and
examining productivity losses among both age groups.

3756 © 2013 by American Society of Clinical Oncology

Although MEPS is one of the most detailed nationally represen-
tative data sources available to estimate the economic burden of can-
cer survivorship, there are a number of limitations in this study. First,
this study relied on household-reported data, including the identification
of cancer survivors, which introduces potential reporting biases. How-
ever, such bias may be limited, given the general agreement between
household reports and physician-reported conditions.”®* Second, the
use of population-based survey data may lead to an underestimation of
rare cancers and cancers with short survival. Third, we were unable to
examine costs associated with terminal care, which are among the most
costly on a per capita basis.'* Lastly, we were unable to examine the burden
by cancer site given inadequate sample size.

We likely underestimate the burden of cancer survivorship
among adults, as we did not include caregivers’ productivity losses,
intangible costs associated with pain and suffering, presenteeism costs,
and patient transportation costs. Future analyses should examine
these additional costs. Although the focus of this study was on cancer
survivors, our estimates can be combined with mortality costs to give
a more complete picture of the burden of cancer in the United States.
Previous studies have shown lost productivity from premature mor-
tality to be between $115.8 and $173.1 billion annually.***!

The 2005 Institute of Medicine report, From Cancer Patient to
Cancer Survivor: Lost in Translation, highlighted key gaps in cancer
survivorship research, including the need for national estimates of the
burden of cancer, examining the financial impact of cancer on survi-
vors and their families, and studies on employment patterns.’
Through a new collaborative effort, the MEPS Experiences With Can-
cer Survivorship Supplement promises to address these key gaps in
cancer survivorship research by providing important information to
help improve the quality of the cancer survivorship experience and
reduce the burden of cancer in the United States."?

In summary, the economic burden of cancer survivorship is
substantial, resulting in excess health care expenditures and lost pro-
ductivity costs among survivors compared with individuals without a
history of cancer. The economic impact of cancer is considerable and
long lasting. Although the economic burden is greatest shortly after
diagnosis, the burden is also high years after a cancer diagnosis. With
the number of cancer survivors projected to increase to nearly 18
million by 2022,' the economic burden of cancer is also likely to
increase. Multifaceted prevention strategies including research, edu-
cation, policy change, and sustained intervention programs may help
reduce the economic impact of cancer. Information in this article
characterizing the major sources of economic burden may be helpful
in guiding the development of comprehensive intervention programs
to improve the quality of the cancer survivorship experience and
decrease the burden of cancer in the United States.
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