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The recent literature contains numerous reports of disparities in the diagnosis, treatment and
outcomes of lung cancer across a growing list of population subgroups, including race and
ethnicity, sex, income, place of residence, and more recently (non-cancer-related) disability
(1–13). Health policy makers identify reducing these disparities as a critical priority (14–15).
Designing interventions to achieve this end is hampered by limitations in research evidence
about causality. Some studies seemingly assume that treatment disparities reflect differential
access to the medical care delivery system, e.g., African-Americans have lower levels of
income and insurance coverage, which in turn limit their access to appropriate treatment (16–
17). Other studies emphasize genetic/ biological variability related to race and ethnicity that
leads to differential disease and treatment characteristics, e.g., non-white men metabolize
cigarette smoke differently and thus present with more complex squamous cell lung cancers
(8,11). To provide policy-relevant results, health disparities studies must account more fully
for health insurance coverage as well as actual therapy and follow-up care.
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This study examines the level and pattern of costs or resource consumption by lung cancer
patients covered by Medicare insurance to provide a common metric for judging how much
therapy and follow-up care different subgroups actually receive. These findings contribute to
determining whether resource differentials are associated with disparities. If disparities in lung
cancer outcomes arise uniquely from insurance-related barriers to access, they should not be
detected in this sample; other causal pathways may be suggested if they are. We test for cost
disparities across eight relevant patient subgroups, white and non-white men and women with
and without disabilities, controlling for other plausible cost drivers. Race differences in patterns
of lung cancer treatment costs may be detected if biological/genetic factors play a role and/or
if provider/patient behavior leads to variations in therapy regimens. Similarly, females are
generally expected to use more health care services than men, but whether they do when treated
for lung cancer and/or whether there are different cost profiles for men and women divided by
race is unclear. Finally, because we draw on the database (18) that links the Surveillance,
Epidemiology, and End Results (SEER) cancer registry files to Medicare claims files
(hereafter, SEER-Medicare) to conduct our empirical analysis, we also test for disability-
related disparities in lung cancer treatment costs. In brief, lung cancer cases that qualified for
Medicare benefits because they received a non-cancer-related Social Security Disability
Insurance (SSDI) award are compared to those who qualified for Medicare more
conventionally through the Social Security retirement program. If disabilities complicate lung
cancer treatment, we anticipate relatively higher cost profiles; if they lead to less aggressive
care, we anticipate lower ones.

Methods
Study Population and Subgroups

The initial study population was drawn from SEER-Medicare on individuals in 9 (later 11)
SEER areas diagnosed with a first primary lung cancer between January 1, 1986 and December
31, 1999, inclusive. Among others, cases who did not have pathologically-confirmed
diagnoses, who were younger than 45 or older than 85 years of age at diagnosis, who were
diagnosed before January 1, 1991, or who did not have a sufficient number of Medicare claims
to trace costs over time were in subsequent steps excluded from this population. These and
other sample exclusions are described below and summarized in Table 1. The eight sex, race,
and disability subgroups that are at the heart of the empirical work are also spelled out in Table
1. We note that the race variable was originally constructed as a threefold vector of dichotomous
variables: white (Caucasian), African-American, and all other race categories. Preliminary
analysis suggested that this threefold classification did not produce results appreciably different
from those using a twofold classification, white and all other races. In order to simplify the
narrative, results corresponding to the twofold classification are reported here. Each of the four
race-sex subgroups was then divided by disability status in reference to the “original reason
for Medicare entitlement” in the SEER-Medicare denominator file.

Specifically, lung cancer patients who originally qualified for Medicare through an SSDI award
were initially categorized as having a disability; all other cases were classified as not having
one (without disability). Cases with disabilities attributable to lung cancer were then excluded.
Because the Social Security Administration does not release information on causes for
disability determination to nongovernmental researchers, we had to infer whether lung cancer
was responsible for the SSDI award. This inference was based on the number of elapsed
calendar quarters between cancer diagnosis and the award. Only cases diagnosed with lung
cancer after at least 10 elapsed quarters were included, because persons awarded SSDI benefits
become eligible for Medicare only after waiting at least 29 total months after their disability
determination. Disability is thus interpreted as a non-cancer-related medical condition that was
sufficiently severe to have precluded gainful employment or to have potentially resulted in
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premature death at some point prior to the diagnosis of lung cancer. We acknowledge that the
“without disability” classification is not necessarily limited to healthy individuals free of any
pre-existing medical condition. Those categorized as without disabilities could have
experienced disabling health impairments before age 65, but for whatever reason did not apply
for or receive SSDI. For our purposes, the two key attributes of the subgroup with disabilities
are: 1) before age 65 they experienced non-cancer-related disability sufficient to prevent
employment and recognized by an SSDI award; and 2) after that point, they developed cancer.
Persons without disabilities did not have this history.

Finally, the study population was partitioned by age at diagnosis and when the diagnosis
occurred. The age “window” provides a means of narrowing the differential in the age at
diagnosis across the disability, sex, and race subgroups, particularly disability status. It bears
repeating that individuals included in the study population could have developed their lung
cancer at any age. Those with disabilities could have been diagnosed after age 65 (on top of
their work-limiting medical condition), whereas those who qualified for Medicare because of
normal retirement through the Old Age and Survivors Insurance (OASI) program could have
been diagnosed at a younger (<65) age. In addition to the age restriction, the study population
was limited to lung cancer cases diagnosed after January 1991 (Q21). This restriction provided,
among others, a means of constructing control variables for pre-diagnosis Medicare costs.

Cumulative Medicare Costs by Quarter and Treatment Phase
Because they reflect economic opportunity costs better than other variables created from
Medicare claims data, we use program reimbursements to quantify the economic value of scare
resources used to diagnose and treat lung cancer; for brevity throughout, we call these
reimbursed amounts “costs.” Costs recorded in each Medicare claims file were compiled for
each study subject by calendar quarter over relevant segments of the period January 1, 1986
to December 31, 2001, inclusive. Medicare files included: Part A Inpatient and Skilled Nursing
(Medpar); Hospice and Home Health; and Part B Physician/Suppliers, Outpatient and Durable
Medical Equipment. Each claim-specific observation was assigned either the sum of current
dollar reimbursements for each covered service used over the specific calendar quarter or a
zero if no services were used during that quarter. These quarterly cumulative totals were then
adjusted for both temporal and geographic variations in medical care prices (19). Temporal
price indices were rebased to year 2000, whereas the cross-sectional geographic indices were
left to reference the national average in any given year. Thus, the adjusted cumulative cost
variables are scaled in constant 2000-year prices; they also reflect the extent to which real
outlays in each SEER catchment area deviated from national norms in any year. The adjusted-
cumulative amounts of each relevant claim type were then aggregated to create Part A and Part
B cost variables for each quarter over the 64-quarter study period.

The next step in constructing dependent cost variables for the statistical analysis was to subset
or partition them by when study subjects were diagnosed and treated for lung cancer (treatment
phase) and by the type of services they received for treatment (treatment category). Our
approach to delineating treatment phases generally paralleled those of other investigators
(20). The initial treatment phase is defined as the four-quarter period post-diagnosis, i.e., the
quarter when the diagnosis occurred and the three quarters immediately afterward. The death
phase encompasses the quarter in which death occurred and the quarter immediately preceding
it. The follow-up phase is defined as the (net) number of quarters between the fifth quarter
post-diagnosis and the quarter immediately preceding the death-phase for decedents or quarter
64 for survivors. Cumulative costs incurred during each of these phases were then tallied.
Cumulative costs corresponding to the treatment phase were further divided four ways:
inpatient hospital services, other Medicare Part A services (skilled nursing, hospice, home
health), physician services, and other Part B services (outpatient and durable medical
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equipment). Death and follow-up costs were divided simply between Part A and Part B
services. Since follow-up quarters vary over the study population, cumulative follow-up Part
A and Part B costs were standardized by the number of Medicare-eligible quarters observed
for each lung cancer case over this treatment phase. Given the high case fatality rates of lung
cancer, the (net) number of follow-up quarters is also used as a prime outcome indicator as
well.

Regression Model
Multivariate regression techniques were used to estimate the net differentials in cumulative
costs, if any, across the disability, sex, and race subgroups. Because of their skewed
distributions, each of the cumulative cost dependent variables was first transformed into its
natural logarithm (ln). Regressors in each (ln) cost model included seven of the subgroups, the
eighth (white men without disabilities) always serves as the omitted or referent subgroup. Each
model also included a set of covariates designed to control for cost drivers that potentially
confound measured differentials across the subgroups. Table 2 summarizes the key covariates
included in the cumulative cost equations, two of which warrant brief comment here. These
are the high-expected cost and pre-diagnosis cost variables, which serve to control for the
presumptive impact of prior SSDI medical condition on current Medicare costs and, thereby,
provides a means of netting-out non-cancer-related reimbursements. High-expected costs are
based on predicted values generated from an auxiliary regression analysis of non-cancer
costs of a 5 percent random sample of Medicare beneficiaries without cancer residing in SEER
catchment areas. These predicted values indicate what non-cancer spending might be expected
had cases with specific age, sex, race and disability characteristics never developed cancer. A
dichotomous variable was created from the predicted values indicating whether the case would
be expected to have higher than average quarterly Medicare (Part A and Part B) reimbursements
in the absence of cancer. Complementing this variable is a measure of Medicare (Part A or Part
B depending on the cost category in question) cumulative costs actually incurred by cases in
the period prior to the diagnosis of lung cancer. We believe that the combination of these two
variables adequately controls for variations in non-cancer health costs across the study sample.

As expected, cumulative cost variables have many zero observations, mostly because Medicare
beneficiaries will not have utilized all types of covered services during a given treatment phase
equally. For example, whereas a large fraction of cancer cases will incur hospital costs during
the 4-quarter treatment phase, a much smaller fraction will incur costs for other Part A services
such as skilled nursing or hospice during that phase. However they arise, a major concern with
zero cost observations is that they are unlikely to be distributed randomly across the study
population. This means that significant (selection) bias may be imparted to the analytic results
unless they are otherwise taken into account (21). For this reason, the (ln) cost regression
models are estimated in two-parts: the first yields predictions of the likelihood of observing a
positive cost for each study subject; the second is the (ln) cost equation per se which includes
this predicted value as a covariate.

More formally, the two-part regression model may be summarized as follows: Let D j represent
the jth element of the vector of disparity-related disability, sex, and race subgroups; let C in
represent the observed ith phase/program-specific cost of the nth lung cancer case,(I = 1, 2. .,
8; n = 1, 2, . . , N); and let yi* be a dichotomous indicator variable taking the value of one if
C in > 0, zero otherwise. Suppressing study subject subscripts to simplify the exposition, the
regression model is:

(1)

Chirikos et al. Page 4

Disabil Health J. Author manuscript; available in PMC 2009 October 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and

(2)

where Y k is the kth selection covariate; ln represents natural logarithm, and X j is the jth cost
covariate as discussed previously. The selection model is then set up in general terms following
Heckman’s method (21–22) First, a Probit estimate of (2) is used to generate “lambda” (inverse
Mill’s ratio, the selection parameter) which reflects the likelihood that a patient with given
socio-demographic and insurance characteristics will be observed having nonzero cumulative
costs of the ith type. Second, this predicted value λ i is then incorporated into the cost equation
(2) to correct for potential selection bias.

Measuring Cost Disparities
To simplify the narrative, the results of the statistical analysis presented below focus just on
the effects of disability, sex, and race subgroups on cumulative costs, net of the other covariates
in each (ln) cost equation. Cost differentials are computed by first evaluating each ln cost
equation at the subgroup means for the referent (white men without disabilities) subgroup,
reevaluating the equation in turn for each of the seven other subgroups, and then exponentiating
the results. We use standard smearing techniques to overcome issues arising from the
retransformation of geometric mean costs to arithmetic mean costs in the two-part model
(23). To facilitate comparisons across the full set of subgroups, cost differentials are cast as
index numbers (percentages) of the costs of white men without disabilities. Index values less
than 100 are interpreted as disparities favoring the referent subgroup, whereas values greater
than 100 favor the subgroup in question. Statistically insignificant regression coefficients
(alpha = .95, two-tailed test) are arbitrarily assigned the value of zero and, correspondingly,
an index value of 100. In order to provide an overall summary measure of cost disparities, we
also computed the expected total cost per case corresponding to each subgroup. These
expectations are based upon predicted costs of each type for each subgroup evaluated at
subsample mean values of the covariates. These predicted amounts were then scaled by the
probabilities of observing nonzero costs of that type in the corresponding subgroup and
summed over all eight cost types.

Results
Table 3 summarizes key characteristics of each subgroup of lung cancer cases. As anticipated,
the numbers of white men and women without disabilities are much higher than the other
subgroups, in part because far fewer persons qualify for Medicare benefits via SSDI than OASI.
The racial subgroups had similar mean age at diagnosis, though the subgroups with disabilities
were diagnosed at slightly younger ages than persons without disabilities. Stage at diagnosis
was similar across the eight subgroups, though relatively fewer women were diagnosed at the
most advanced stages, especially compared with disabled men of other races. Roughly similar
proportions of each subgroup had non-small cell cancers, surgery, and radiation therapy. In
contrast, the subgroups differed substantially in the income, schooling and demographic
compositions of the census tracts in which cases resided when diagnosed with cancer. Although
not reported here in detail, we note that survival times differed by subgroup based on univariate
tests. The same patterns remained following adjustment for sociodemographic and tumor
characteristics through multivariate modeling. Briefly, white women had the most favorable
outcomes, and persons without disabilities did better than persons with disabilities.
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Table 4 shows the main findings from the regression analyses. Three findings stand out. First,
more than two-thirds of the cost-related subgroup differentials were statistically different from
the referent group at the conventional 5 percent confidence level, and several other coefficients
narrowly missed statistical significance at this level. Even if the much more rigorous p ≤ 0.005
criterion is used to reject the null hypothesis, a plurality of the coefficients differ from zero.
Most statistically insignificant coefficients involved subgroups with small numbers of cases.
Second, values that differ from zero were often higher than those for white nondisabled men;
for instance, costs of treating women of each race and disability status were generally higher
than for white men without disabilities. Inpatient hospital costs varied across subgroups more
than other Part B service costs. Finally, the estimated cost of treating the average lung cancer
case in each subgroup suggests that sex and race subgroups were higher than for white,
nondisabled men. Furthermore, with only one exception, white men without disabilities had
lower cumulative costs per case than the other subgroups. Men and women of other races had
the highest expected costs.

Discussion
Our analyses offer fairly compelling evidence of sex-related cost differentials in treating
Medicare beneficiaries with lung cancer. The health services research literature has repeatedly
documented that women utilize more medical care services than men at each point in the life
cycle and thus generally have higher costs at each point as well. But the cost differentials
detected here may also provide modest, indirect support for the argument that lung cancer in
women is a different disease than it is in men (12). Some women actually have lower costs
than their male counterparts during the initial year of diagnosis and treatment, but significantly
higher costs in the follow-up period and, for decedents, the death phase as well. Since
cumulative costs over the follow-up phase are scaled by the (net) number of Medicare-eligible
follow-up quarters, this suggests that women receive more intensive or perhaps different
follow-up care than men. This might stem from the nature of the disease, though it might also
stem from other factors such as better compliance with follow-up regimens. Since women enjoy
a slight advantage in being candidates for surgery, it may be that their initial treatment is more
cost-efficient, but requires them to be followed more closely after that treatment.

Racial differences in cumulative costs were unanticipated. The general expectation was that
non-white men and women would consume fewer treatment resources, because they have lower
lung cancer surgery rates (2,6), they appear to be less willing to undergo invasive procedures
(3), and, at least for NSCLC, they are less likely to receive “recommended” therapy (6). To be
sure, variations in the composition of treatment costs across the four subgroups of non-white
men and women were detected: Part B service utilization was presumptively lower for these
subgroups than the corresponding white subgroups, though in most cases the lower amounts
were offset by much higher use of (Part A) hospital inpatient services. Earle et al (7) found
that access to an oncologist differs by race, which may explain differences in referral patterns
and the locus of treatment. In view of these cost differentials, it is noteworthy that mostly
unfavorable race differences in the length of the (net) follow-up period and survivorship were
still detected. This contrasts sharply with a recent finding that outcome disparities disappear
when health care access is controlled by examining only patients treated in a single (military)
delivery system (11). The present analysis also implicitly controlled for access by investigating
lung cancer patients with the same (Medicare) insurance coverage; moreover, other insurance
and socio-economic characteristics of these lung cancer cases were also explicitly taken into
account. The unfavorable “cost-effectiveness” of treating non-white men documented here
warrants substantially more research in the future.

Finally, and perhaps most importantly, disability effects detected in the statistical analysis are
of interest from both clinical and policy perspectives. The consistent pattern of low resource

Chirikos et al. Page 6

Disabil Health J. Author manuscript; available in PMC 2009 October 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



consumption in treating white men with disabilities is most noteworthy. Not only were expected
case costs lower for this subgroup than all others, they were consistently lower across all but
one of the cost categories. This strongly suggests that the disabling medical condition
influences treatment options for this subgroup, which, in turn, may also account for their
generally poorer outcomes. In view of these differences, the polar case of non-white women
with disabilities is also striking. These women had outcomes generally comparable to all others
in the study population. But they also had substantially higher levels of resource consumption,
especially more expensive hospital stays for initial therapy and in the 6-months prior to death.
The small sample size of this subgroup, however, may have yielded imprecise estimates of
cumulative costs. The findings in regard to disability status and lung cancer clearly warrant
additional research.

Future studies must overcome several methodological limitations of our empirical analysis.
Our estimates of treatment costs were understated because they could be prepared only for
services covered by the Medicare benefits package prevailing over the study period. Costs of
long-term nursing care and outpatient prescription drugs are notable omissions. To the degree
these costs differ across the study subgroups, the measured magnitude and composition of the
cost differentials will change. The costs of these omitted services thus warrant further
investigation. The cost estimates were also understated because outlays by Medicare
beneficiaries in the form of deductibles and co-payments were also excluded from
consideration. These outlays require more detailed study as does the costs of some patients
who were eligible for other public sector support for their medical care. The empirical analysis
here did control explicitly for the patients who had at various points over the study period state
“buy-in” arrangements. Yet, the differences in the likelihood of having such an arrangement
differs greatly, say, between the race subgroups, and this may have influenced the magnitude
of observed outpatient costs. Finally, recall that the overall costs for the patient subgroups are
means adjusted for subsample characteristics. These adjusted figures might be higher or lower
depending on the characteristics of the sample in respect to stage distribution, socioeconomic,
and demographic characteristics. When these differences are factored in, our overall estimates
appear to be consistent with the few other studies on lung cancer treatment costs that have been
carried out (24). This suggests that the relative cost differentials are likely to depend equally
on the characteristics of the study population, so reconfirmation of the empirical findings
presented here must be obtained by analyzing other populations of lung cancer patients
potentially available in other data sets such as the Continuous Medicare History Sample File
as well.

Two general conclusions follow from the empirical results. First, resource disparities were
detected, albeit not across all of the lung cancer subgroups. The significantly lower level of
resource consumption by white men with disabilities is an important case in point, especially
in view of their comparatively poorer outcomes. But finding that non-white men had higher
levels of resource consumption and equally poor outcomes are also important from a policy
perspective. The link between medical care and outcomes is clearly a necessary component of
disparities-relating policy, but not a necessary and sufficient one. Moreover, the composition
of the services delivered to lung cancer patients may be as important as the level of services.
The analysis showed that the pattern of costs varied across the subgroups, generally being
higher for Part A services but lower for Part B services. Whether these variations should
concern policy makers depends on the degree to which they cancel-out and/or the extent to
which care received in different health care settings may lead to outcome differences. If they
do, disparity-related programming should target the locus of service delivery, e.g., by means
of patient navigation (16). Policies designed to improve physical access and travel to
ambulatory setting, especially for patients with disabilities, may also be indicated.
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Second, cost differentials were detected in a population fully entitled to Medicare benefits and
they involved the type as well as level of service use. Whether access to health care insurance
per se is the only, or even primary, policy instrument for improving care and outcomes is thus
open to some question. The effectiveness of other policy instruments must be examined to
ensure that patients and providers use available insurance to diagnose lung cancer as early as
possible and treat it in the most cost-efficient manner. The composition or blend of services
used to treat and follow cancer patients also warrants additional attention. More disaggregate
studies examining treatment costs alongside the specific types of treatment will help clarify
the extent to which additional resources might improve cancer outcomes.
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