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Background: Breast cancer patients exhibit survival disparities

based on socioeconomic status (SES). Disparities may be attribut-

able to access to expensive oral endocrine agents.

Objectives: Define recent socioeconomic disparities in breast

cancer survival and determine whether these improved after im-

plementation of the Medicare Part D program.

Design: Difference-in-difference natural experiment of women di-

agnosed and treated before or after implementation of Medicare

Part D.

Subjects: Female Medicare beneficiaries with early-stage breast

cancer: 54,772 diagnosed in 2001 and 46,371 in 2007.

Measures: SES was based on Medicaid enrollment and zip code per

capita income, all-cause mortality from Medicare, and cause of

death from National Death Index.

Results: Among women diagnosed pre-Part D, 40.5% of poor

beneficiaries had died within 5 years compared with 20.3% of high-

income women (P < 0.0001). Post-Part D, 33.6% of poor women

and 18.4% of high-income women died by 5 years. After adjustment

for potential confounders, improvement in all-cause mortality post-

Part D was greater for poorer women compared with more affluent

women (P = 0.002). However, absolute improvement in breast

cancer-specific mortality was 1.8%, 1.2%, and 0.8% (P = 0.88 for

difference in improvement by SES), respectively for poor, near-

poor, and high-income women, whereas analogous improvement in

mortality from other causes was 5.1%, 3.8%, and 0.9% (P = 0.067

for difference in improvement by SES).

Conclusions: Large survival disparities by SES exist among breast

cancer patients. The Part D program successfully ameliorated SES

disparities in all-cause mortality. However, improvement was

concentrated in causes of death other than breast cancer, suggesting

remaining gaps in care.
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Traditionally breast cancer has been thought of as an ill-
ness subject to reverse socioeconomic disparities in

outcome; that is, population incidence and mortality rates
were both lower for women of lower socioeconomic status
(SES). During the mid-1980s to early 1990s, mortality rates
equalized across groups defined by census-based socio-
economic characteristics, and by the late 1990s mortality
rates were higher among those residing in the poorer areas
despite the fact that incidence rates remained lower in those
same areas.1 Worse survival has also been demonstrated
directly for those of lower SES, including those with Med-
icaid insurance and those with lesser educational attain-
ment.2,3 Although breast cancer-specific mortality declined
between 1987 and 2004, the decline was greater for women
living in areas of more advantaged SES, compared with
those living in less advantaged areas.1

One factor that has been proposed as a cause of socio-
economic disparities in breast cancer outcomes is the advent of
oral adjuvant antiendocrine therapies, which occurred during
the 1990s.1,4 These therapies are highly effective. For example,
the administration of tamoxifen for 5 years was found in a
meta-analysis of 55 trials to lead to a relative reduction in
disease recurrence of 47% at 10 years after initiation of ther-
apy.5 Published trials of aromatase inhibitors show that these
agents lead to about 30%–50% lower breast cancer recurrence
rates compared with the use of tamoxifen alone.6

Despite their effectiveness, breast cancer endocrine
agents have historically been expensive, particularly the ar-
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omatase inhibitors, for which the Institute of Medicine re-
ported an annual retail cost of about $2900 in 2004, before
the Medicare Part D program.7 Clear socioeconomic dis-
parities in the initiation of and adherence to these therapies
have been documented.4,8,9 Until the advent of the Medicare
Prescription Drug, Improvement and Modernization Act
(Part D program) in 2006, these oral drugs were not covered
by Medicare nor by most Medicare Supplemental insurance
programs. A major goal of Medicare Part D was to reduce
medication-related disparities in health outcomes among
older Americans by enhancing access to oral medications.

The purpose of this study was to define the magnitude
of socioeconomic disparities in breast cancer survival among
more recent cohorts and to examine the extent to which these
disparities were ameliorated after the implementation of the
Part D Program. We have previously demonstrated that al-
most all Medicare Part D plans provided coverage for oral
adjuvant endocrine agents.10 We expected that any im-
provement in survival post-Part D would be most prominent
among the poor and near-poor groups, which presumably
were the most likely to benefit from the increased access to
costly oral medications. In contrast, Part D was hypothesized
to have no substantial effect in improving the survival of
wealthier women, who presumably were able to afford
medications even in the absence of the program.

METHODS

Study Populations and Data Sources
Using a validated algorithm that employs Medicare

administrative data to preferentially capture early-stage in-
cident breast cancer,11 we identified cohorts of Medicare
breast cancer patients with initial diagnosis and 5 years of
follow-up in the pre-Part D era (2001, N = 54,772) and with
initial diagnosis in the post-Part D era (2007, N = 46,371).
Membership in both cohorts was restricted to females aged
66–90 years with available information on baseline co-
morbidity and SES. Data on overall and disease-specific
survival were obtained from Medicare Vital Status and Na-
tional Death Index sources, respectively. Zip code desig-
nations were used to determine neighborhood SES from the
2000 US Census. The study was approved by the Medical
College of Wisconsin Institutional Review Board.

SES and Key Covariates
Individual-level indicators of enrollment in Medicaid

or in a state buy-in program (Qualified Medicare Beneficiary,
Specified Low-Income Medicare Beneficiary) and ecological
data at the zip code level were used to classify patients ac-
cording to SES as poor, near-poor, medium income, or high
income. Specifically, women were classified as poor if they
were enrolled in Medicaid or in a state buy-in program at the
time of diagnosis. Those not enrolled in such a program were
subsequently classified hierarchically as near-poor if they
resided in a zip code ranking in the lowest quartile of per
capita income within their state of residence or high income
if they resided in a zip code ranking at the highest quartile of
per capita income. The residual group of women living in
neighborhoods characterized by per capita income ranking in

the middle quartiles was classified as having medium in-
come. Information about age at time of the breast cancer
diagnosis and race/ethnicity (coded as African American/
black, Hispanic, and other) was ascertained from Medicare
enrollment files. Comorbidities were captured from Medi-
care claims during the 12-month period preceding the breast
cancer diagnosis.12

Outcome Measures
Our primary study outcomes were all-cause mortality

and breast cancer-specific mortality. For both pre-Part D and
post-Part D cohorts, information on date of death from any
cause was ascertained from Medicare Vital Status files.
Medicare data do not include cause of death. Because of the
large sample size, breast cancer-specific mortality was as-
certained for a stratified random sample of women classified
as poor, near-poor, or high income and was based on cause of
death information obtained from the National Death Index.
Cause of death was available for 96.7% of this sample.

Statistical Analyses
Cumulative incidence functions, by SES, were calcu-

lated to document pre-Part D and post-Part D survival for
all-cause and breast cancer-specific mortality outcomes.
Difference-in-differences logistic regressions were then ap-
plied to the pooled cohort of women diagnosed with breast
cancer pre-Part D and post-Part D to estimate the impact of
the program on mortality and SES disparities. By comparing
the pre-post difference in mortality outcomes by SES, this
strategy enabled us to identify the effect attributable to Part
D after accounting for any likely secular trend over the
6-year study timeframe.

We included an indicator variable capturing exposure
to the Part D program based on the year of breast cancer
diagnosis (2001 vs. 2007), SES groups (poor, near-poor,
medium income, high income), and an interaction term be-
tween these 2 variables (representing the differential effect
of Part D on SES groups). For the stratified random sample
of women with cause of death information, a competing risk
multinomial logistic regression specification was used to
consider breast cancer death and death from any other cause
as separate outcomes, using surviving patients as a reference
group.

In addition to the main factors of interest (Part D and
SES), all regressions included covariates capturing the
woman’s age, race/ethnicity, and comorbid illness. On the
basis of coefficient estimates from these models, we calcu-
lated adjusted (predicted) probabilities that women would die
from breast cancer, die from other causes, or survive over the
5-year period after incident breast cancer diagnosis, by SES
and Part D exposure.

Survival analysis methods were also employed to an-
alyze the relationship between SES, Part D status, and the
outcome measures. The conclusions were similar to those
reported here for the logistic regression analyses. We chose
to present the logistic regression results due to ease of in-
terpretation.
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RESULTS
Table 1 describes the characteristics of women at time

of incident breast cancer diagnosis for the full and cause-of-
death samples, by Part D exposure. Our full sample included
101,143 subjects: 54,772 women treated pre-Part D and
46,371 women treated post-Part D. The median age at di-
agnosis was 75 years for each cohort. In each cohort, about
90% of women were of white race, 7% were black, and the
remainder had Hispanic ethnicity or were members of other
racial groups. Among the pre-Part D cohort, about 60% of
women had no significant comorbid illness, 25% had 1 co-
morbidity, and 15% had 2 or more comorbid conditions.
Among the post-Part D cohort, a slightly smaller percentage
had no comorbid illness. In each cohort, about 11% were
categorized as poor, 9% as near-poor, 41% as medium in-
come, and 39% as high income.

The cause-of-death group, a stratified random sample
of the full sample, included 11,177 women in the pre-Part D
era and 11,096 in the post-Part D era. To ensure adequate
representation of poor and near-poor women, the stratified
sample included only poor, near-poor, and high-income
women. Compared with the full cohort, the cause-of-death
cohort included a greater representation of poor, near-poor,
and minority subjects.

Five-Year Mortality Trends
Cumulative incidence curves illustrate the relative pat-

terns of all-cause and breast cancer-specific mortality among the
patients of different SES (Figs. 1, 2). There were marked dif-
ferences in all-cause mortality by SES and also between the pre-
Part D and post-Part D cohorts. Among poor women not ex-
posed to the Part D program, roughly 40% had died within 5
years after their breast cancer diagnosis compared with about
20% of the most affluent women. Post-Part D gains in survival
for the full sample are evident at 1 year after breast cancer
diagnosis, although become more prominent later in time. Im-

provements in survival in the post-Part D era appear to be the
most marked for the poor and near-poor groups, and relatively
smaller for the medium and high-income groups. The curves for
breast cancer-specific mortality generally demonstrate similar
trends as the overall mortality curves.

Table 2 shows unadjusted mortality rates for the full
and cause-of-death samples by Part D exposure. All-cause 5-
year mortality among women with incident early-stage breast
cancer decreased from 24% to 20.9% (P < 0.0001) for co-
horts diagnosed and treated before and after Part D im-
plementation, respectively. Although there were large
decreases in all-cause mortality among poor (from 40.5% to
33.6%) and near-poor (from 25.9% to 20.5%) women, post-
Part D improvement in survival was substantially smaller
among more affluent women (22.7% to 19.9% for middle
income subjects and 20.3% to 18.4% for high-income
women).

TABLE 1. Patient Characteristics at Time of Breast Cancer Diagnosis

Full Cohort Cause-of-Death Cohort*

Characteristic Pre-Part D (2006) Post-Part D (2012) Pre-Part D (2006) Post-Part D (2012)

Age at Diagnosis (y)
Mean (SD) 75.2 (6.0) 75.1 (6.3) 75.2 (6.1) 75.2 (6.3)

Race (%)
White 91.0 90.0 82.3 81.1
Black/African American 6.7 7.1 13.7 13.7
Hispanic 0.9 0.8 2.0 1.9
Other 1.4 2.2 2.1 3.3

Comorbidities (%)
None 59.5 54.1 54.0 49.0
1 25.4 27.2 26.9 27.8
2+ 15.1 18.7 19.1 23.3

Socioeconomic status (%)w

Poor 10.9 11.2 32.5 33.3
Near-poor 9.3 8.7 32.8 33.3
Medium income 41.3 41.1 — —
High income 38.5 38.9 34.6 33.4

Cohort size (N) 54,772 46,371 11,177 11,096

*The cause-of-death cohort represents a stratified random sample of the full cohort for which cause of death was identified through the National Death Index.
wPatients were categorized as poor if enrolled in Medicaid or in a state buy-in program at the time of diagnosis. Those not enrolled in such a program were categorized as near-

poor, medium income, or high income based on per capita income of their zip code of residence (see text for details.)
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FIGURE 1. All-cause mortality among women with incident
early-stage breast cancer, by Part D exposure and socio-
economic status.
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Breast cancer-specific mortality also decreased in the
post-Part D era. However, the declines were smaller in
magnitude and generally more uniform across socio-
economic groups. Among the pre-Part D sample, 9.3% had
died of breast cancer within 5 years of initial diagnosis,
ranging from 13.1% of the poor women to 6.3% of the high-
income women. Among the post-Part D sample, 8.1% had
died of breast cancer by 5 years after diagnosis, ranging from
11.3% of the poor women to 5.5% of the high-income
women.

Multivariable Results

All-Cause Mortality
The first panel of Table 3 depicts the odds ratios and

adjusted change in 5-year mortality that occurred between
the pre-D and post-D cohorts. After adjusting for secular
trends and beneficiaries’ age, race/ethnicity, and level of
comorbidity, there was a significant decrease in all-cause
mortality among all SES groups. Odds ratios ranged from
0.71 (95% confidence interval, 0.66–0.77) for the poor group
to 0.82 (95% confidence interval, 0.78–0.87) for the high-
income group. The alternative analysis employing survival
analysis methods demonstrated similar results to the logistic
regression (eTable 1, Supplemental Digital Content 1, http://
links.lww.com/MLR/B327).

Consistent with our hypothesis, there were significant
reductions in SES disparities in overall mortality among el-
derly breast cancer patients after implementation of the Part
D program. The change in all-cause mortality, as hypothe-
sized, was not uniform across socioeconomic groups
(P = 0.002, Table 3). Differences in the predicted probability
of death from any cause across the pre-Part D and post-Part
D cohorts ranged from 6.9 and 5.5 percentage points for poor
and near-poor women to 1.9 percentage points for the high-
income group. The relative post-Part D improvements in
survival among poor and near-poor women relative to high
income were both substantial (nearly 4-fold and 3-fold) and
statistically significant (P < 0.004).

0 1 2 3 4 5

Socioeconomic status Time period
Poor
Near−poor
Medium−income
High−income

Pre−Part D
Post−Part D

Time to death (years)

0.00

0.05

0.10

0.15

C
um

ul
at

iv
e 

in
ci

de
nc

e 
of

 d
ea

th

FIGURE 2. Breast cancer-specific mortality among women
with incident early-stage breast cancer, by Part D exposure
and socioeconomic status.
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Disease-specific Mortality
Although breast cancer-specific mortality was lower

across all SES groups for the post-Part D cohort, there was
no significant reduction in SES disparities across the 2 co-
horts (Table 3). In contrast to the situation with all-cause
mortality, the difference-in-difference coefficient was small
and not statistically significant (P = 0.88), indicating that
socioeconomic disparities in breast cancer-specific mortality
were not reduced post-Part D. Instead, the differential re-
duction in all-cause mortality across socioeconomic groups
in this subset was completely explained by the reduction in
socioeconomic disparities in mortality due to causes other
than breast cancer (P = 0.067). The observed breast cancer
mortality (Table 2) declined by 1.8 percentage points (from
13.1% to 11.3%), 1.3 percentage points (from 8.8% to 7.5%)
and 0.8 percentage points (from 6.3% to 5.5%) for poor,
near-poor, and high-income women, respectively. Differ-
ences in average model-based predicted probabilities are
similar (Table 3). For death due to other causes, the differ-
ences between pre-Part D and post-Part D ranged from 5.1
percentage points for the poor group to 0.9 percentage points
for the high-income group.

DISCUSSION
Among Medicare beneficiaries diagnosed with breast

cancer, substantial differences in 5-year mortality by SES
were present before and after the advent of the Part D
pharmaceutical insurance program. Among those diagnosed
after the initiation of the Part D program, fewer women in
each socioeconomic class had died at 5 years after diagnosis
compared with before Part D. Nonetheless, SES disparities
persisted and were substantial in magnitude. Although
women in the poorer SES groups experienced a larger
mortality improvement than did women in the higher SES
categories, this improvement could not be attributed to better
mortality due to breast cancer, and was associated with

mortality from other causes. Therefore, while the Part D
program was associated with differentially improved mor-
tality for women in lower socioeconomic classes, the im-
provement appeared attributable to general health
improvements (perhaps due, in part, to better overall access
to medications) and not necessarily due to better treatment of
the breast cancer per se.

It is possible that factors other than Part D could have
led to the observed reductions in mortality among breast
cancer patients after the advent of the Part D program. For
example, differential changes in incidence of late stage dis-
ease by SES could have led to differential changes in mor-
tality among breast cancer patients. This would most likely
have been due to changes in the use of mammography by
SES. However, the overall use of mammography changed
little between 2000 and 2013.13 Although socioeconomic
disparities in use of mammography are present among the
US women,13 the socioeconomic disparities in receipt of
mammography have also been remarkably stable, at least
between 2003 and 2013.13–15 The incidence of stage IV
disease was similar by SES for women in this age group pre-
Part D and post-Part D. For example, pre-Part D, 3.2% of
wealthy women and 7.0% of poor women were diagnosed at
stage IV; post-Part D, the corresponding percentages were
4.2% and 7.8% (authors’ calculations based on Surveillance,
Epidemiology, and End Results -Medicare Linked Data).
Therefore, changes in the incidence of late stage disease are
unlikely to have biased these results. A number of differ-
ences in breast cancer treatment also occurred during the
study period. However, treatment advances are usually
adopted earlier by individuals of higher SES compared with
individuals of lower SES.16 Because of our difference-in-
difference study design, women in the most affluent group
essentially represented a control group reflecting temporal
improvements in breast cancer treatment.

The major expected improvement of the Medicare Part D
program for breast cancer treatment would have been better

TABLE 3. ORs and Average-predicted Mortality Differences by SES* and Part D Exposure

OR Post-Part D

[OR (95% CI)] Interaction Between Part D Exposure and SESw (P)
Average-predicted Difference

(Percentage Point)z

All-cause mortality
Poor 0.71 (0.66–0.77) 0.002 6.9
Near-poor 0.69 (0.62–0.76) 5.5
Medium income 0.77 (0.74–0.81) 2.8
High income 0.82 (0.78–0.87) 1.9

Breast cancer-specific mortality
Poor 0.77 (0.66–0.89) 0.88 1.8
Near-poor 0.77 (0.65–0.91) 1.2
High income 0.82 (0.67–0.99) 0.8

Other cause mortality
Poor 0.68 (0.61–0.77) 0.067 5.1
Near-poor 0.66 (0.57–0.75) 3.8
High income 0.81 (0.71–0.94) 0.9

*Patients were categorized as poor if enrolled in Medicaid or in a state buy-in program at the time of diagnosis. Those not enrolled in such a program were categorized as near-
poor, medium income, or high income based on per capita income of their zip code of residence (see text for details.)

wOn the basis of multiple degree of freedom interaction test.
zPredicted percent mortality pre-Part D minus predicted percent mortality post-Part D.
CI indicates confidence interval; OR, odds ratio; SES, socioeconomic status.
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accessibility to adjuvant endocrine agents, particularly the more
expensive aromatase inhibitor agents, for the large majority of
women in this age group who have hormone receptor-positive
disease, and therefore are eligible for these agents.17 However,
as we have previously demonstrated, the out-of-pocket annual
drug costs for aromatase inhibitors approximately doubled
during the first 5 years of the Part D program, with out-of-pocket
costs falling only after the introduction of generic agents in
2010–2011.10,18 One reason that out-of-pocket costs rose so
dramatically was the Part D coverage gap (also known as “donut
hole”), which was reached after about $2500–3100 of out-of-
pocket drug costs in a calendar year.10 Once they reach the
coverage gap, patients essentially bear the full cost of medi-
cations until the “catastrophic” level is reached. Because of the
combination of increased monthly costs after deductibles and
the coverage gap, it is possible that the women of lower SES in
our post-Part D cohort did not experience a sufficient im-
provement in access to aromatase inhibitor agents to lead to a
major improvement in their disease-specific mortality. That
being said, the improvement in overall mortality could have
been attributable to better access to other medications, such as
those used for cardiovascular risk factors including hypertension
or diabetes. This possibility would support the hypothesis that
some of the observed worse survival for low SES breast cancer
patients compared with high SES breast cancer patients may be
attributed to treatment of illnesses other than the breast cancer
itself. The fact that a substantial portion of the overall mortality
improvement was attributable to causes of death other than
breast cancer would support this hypothesis.

Our findings have several limitations that lead to im-
portant yet unanswered questions. First, although we used
subjects’ zip code-linked census-level data to measure SES,
we were unable to identify subjects’ individual-level poverty
status except for those enrolled in Medicaid or a state buy-in
program, and thus could not provide a more granular mea-
sure of SES by which to stratify the sample for our analyses.
As patients enrolled in a Medicaid program before Part D
typically had coverage for aromatase inhibitors (as well as
many other drugs), one might have expected a greater im-
provement in outcomes post-Part D among the near-poor
group than among the poor group. Yet this was not observed,
with the greatest improvement occurring among the poorest
group, and neither poor nor near-poor groups demonstrated
significant improvement in breast cancer-specific mortality
post-Part D. Medicare Advantage patients could not be in-
cluded due to insufficient claims data to accurately identify
incident cancer. The follow-up period for the post-Part D
sample ended in 2012, shortly after the introduction of ge-
neric aromatase inhibitors. Future studies of even more re-
cent cohorts may determine whether Part D has had a
differential impact on reducing socioeconomic disparities in
survival among breast cancer patients after introduction of
generic aromatase inhibitors, which reduced out-of-pocket
cost to patients by a much greater extent than the Part D
program itself.10,18

This study was structured according to an “intention-
to-treat” analytic plan. Although information was available
for the post-Part D cohort at an individual level regarding
Part D coverage, we did not employ this data element in our

analysis. It has been previously demonstrated that actual
enrollment in Part D was subject to selection bias19–21;
credibly controlling for this bias through administrative data
would have been challenging, if not impossible. Our
approach, based on an intent-to-treat, difference-in-differ-
ence estimation, takes advantage of the natural experiment
afforded by the advent of Part D. By providing estimates of
the program’s effect on SES disparities that are not condi-
tional on participation, these results are more generalizable
to the population targeted by the program.

A key stated goal of the Medicare Part D program was
to enhance access to oral medications, thereby reducing
medication cost-related disparities in health outcomes. Our
findings suggest that the program failed to fulfill its promise
for breast cancer patients, likely due to a combination of
marked increases in drug costs after deductibles and to the
Medicare Part D coverage gap (donut hole). Nonetheless, the
likelihood of dying of breast cancer was notably lower
among all socioeconomic groups during the post-Part D era
compared with the pre-Part D era. Of course, Part D did not
remove all financial barriers to high-quality care. It is plau-
sible that we were setting the bar too high to require a greater
improvement in mortality among the poorer groups. Given
the substantial disparities in survival existing before the
advent of the Part D program, observing a similar mortality
reduction among all socioeconomic groups may represent
worthwhile progress.

The Medicare Part D Prescription Drug Benefit pro-
gram has led to significant restructuring of pharmaceutical
financing and improved access for many beneficiaries.22–24

Nonetheless, our results indicate that, although the Part D
program was successful in ameliorating SES disparities in
all-cause mortality and survival among breast cancer pa-
tients, gains were concentrated in causes of death other than
breast cancer. This suggests remaining gaps in access to
effective screening, initial therapy, and/or follow-up breast
cancer care.
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