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Objective. To characterize Medicare expenditures on initial breast cancer care and
examine variation in expenditures across hospital referral regions (HRRs).
Data Source. We identified 29,110 women with localized breast cancer diagnosed in
2005–2008 and matched controls from the Surveillance, Epidemiology, and End
Results-Medicare linked database.
Study Design. Using hierarchical generalized linear models, we estimated per patient
Medicare expenditure on initial breast cancer care across HRRs and assessed the con-
tribution of patient, cancer, and treatment factors to regional variation via incremental
models.
Principal Findings. Mean Medicare expenditure for initial breast cancer care was
$19,255 per patient. The average expenditures varied from $15,053 in the lowest-
spending HRR quintile to $23,480 in the highest-spending HRR quintile. Patient soci-
odemographic, comorbidity, and tumor characteristics explained only 1.8 percent of
the difference in expenditures between the lowest- and highest-spending quintiles,
while use of specific treatment modalities explained 14.5 percent of the difference.
Medicare spending on radiation therapy differed the most across the quintiles, with the
use of intensity modulated radiation therapy increasing from 1.7 percent in the lowest-
spending quintile to 11.6 percent in the highest-spending quintile.
Conclusions. Medicare expenditures on initial breast cancer care vary substantially
across regions. Treatment factors are major contributors to the variation.
Key Words. Breast cancer, cost, variation, hospital referral region, radiation

Breast cancer is the most commonmalignancy in women (Centers for Disease
Control and Prevention 2013). Fueled by an aging population and rapid diffu-
sion of expensive cancer therapies, national expenditures on breast cancer

©Health Research and Educational Trust
DOI: 10.1111/1475-6773.12328
RESEARCHARTICLE

167

Health Services Research



totaled $16.5 billion in 2010, the highest of any cancer site (Mariotto et al.
2011). Various efforts are underway to address rising costs while maintaining
or improving quality of care, such as bundled payments and episode-based
payment models (Collins et al. 2011; Goozner 2011). The Choosing Wisely
campaign is also calling attention to “Top Five” tests and procedures in over
40 specialties that are expensive and commonly performed but lack clinical
evidence (American Board of Internal Medicine [ABIM] Foundation 2013;
Hahn et al. 2014; Schnipper et al. 2012). However, altering reimbursement
and patterns of care is particularly challenging for cancer care, which often
involves teams of providers from multiple specialties and numerous encoun-
ters over an extended period of time. More information on how different com-
ponents of breast cancer care (e.g., surgery, radiation, systemic therapy,
growth factors, imaging tests) influence the overall costs can help determine
the appropriate payment amount and prioritize target areas in order for these
efforts to have an impact on costs.

In addition, although prior work has documented regional variation in
breast cancer care costs, factors that contribute to this variation remain
unknown (Brooks et al. 2013). Identifying modifiable and nonmodifiable con-
tributors to geographic variation can help to understand and predict resource
needs at the population level, and it may also suggest opportunities for cost
reduction. For instance, variation in costs may be due to differences in patient
sociodemographics (e.g., age, race/ethnicity, and urban/rural location) and
comorbidity across regions (Zuckerman et al. 2010; White 2012).
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Alternatively, tumor characteristics could be the major determinant of cost
variation, as earlier stage patients tend to accrue lower expenditures (Yabroff
et al. 2008). Understanding the role of these patient characteristics in explain-
ing spending variation can enhance risk adjustment models to more appropri-
ately determine payment rates in provider payment reforms (e.g., bundled
payment).

Cancer treatment factors (e.g., provider practice style) may also contrib-
ute to regional variation in costs of breast cancer care. Both the type of thera-
pies used (e.g., surgery, radiation therapy, chemotherapy) and the specific
modalities used, especially the newer, more expensive modalities (e.g., inten-
sity modulated radiation therapy [IMRT], brachytherapy), can have impor-
tant cost implications. For example, recent studies demonstrated rapid
adoption of IMRT and brachytherapy in Medicare beneficiaries with breast
cancer (Presley et al. 2012; Roberts et al. 2013). However, evidence on differ-
ent utilization rates for these specific modalities across hospital referral regions
(HRRs) (Presley et al. 2012; Roberts et al. 2013) may suggest locales with
under- or overutilization of these modalities. Identifying modifiable treatment
factors that contribute the most to regional variation in breast cancer care costs
can inform strategies for containing costs and improving efficiency.

To shed light on these issues, we characterized Medicare expenditures
on initial cancer care for older women diagnosed with localized breast cancer
(both total expenditure and expenditures on different components of care).
We also examined variation in breast cancer expenditures across HRRs and
the contribution of patient sociodemographic, comorbidity, and tumor char-
acteristics, as well as treatment factors, to the overall expenditures and
observed regional variation.

METHODS

Data Sources and Study Sample

This was a retrospective cohort study using the 2003–2009 Surveillance,
Epidemiology, and End Results (SEER)-Medicare linked database. We identi-
fied women age 67 and older who were diagnosed with invasive, stage I–III
breast cancer during 2005 through 2008. Data during a 2-year period prior to
diagnosis were used to assess comorbidity status, while data during the year
after diagnosis were used to measure expenditures. We used each beneficiary’s
residence location to link women to HRRs (Dartmouth Atlas of Health Care
2011).
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Each woman identified with breast cancer (“case”) was matched to three
women without cancer (“control”) using noncancer patients from the 5 per-
cent random sample of Medicare beneficiaries residing in the SEER regions.
An index date for controls was assigned as the first day of a randomly selected
month in which the control was alive and met the same enrollment criteria
used for cases except for cancer diagnosis. Exact matching was performed
based on HRR, year of diagnosis/index date, age, comorbidity, and precancer
Medicare expenditure (from 18 through 6 months prior to diagnosis/index
date to avoid expenditures associated with work-up leading to cancer
diagnosis).

We excluded patients who had missing data on tumor stage, had a his-
tory of a prior or concurrent malignancy, could not be linked to an HRR
based on zip code, did not have continuous Medicare Parts A and B coverage,
or were enrolled in a managed care plan during their observation period. The
Yale Human Investigation Committee determined that this study did not
directly involve human subjects.

Measures

Consistent with prior studies (Warren et al. 2008; Yabroff et al. 2009), we
defined initial phase of care as the period from 2 months prior to through
12 months after breast cancer diagnosis/index date. For each beneficiary,
we calculated Medicare expenditures as the sum of all Medicare payments
over the initial phase of care, including payments for inpatient, physician,
hospital-based outpatient, home health, durable medical equipment, and
hospice care based on claims data. We adjusted for geographic variation
in input prices across SEER regions (Centers for Medicare and Medicaid
Services 2013c,d) and reported all expenditures in 2009 U.S. dollars
(Centers for Medicare and Medicaid Services 2013e). For cases only, we
also separately assessed Medicare expenditures on surgery, radiation ther-
apy, systemic therapy, growth factors, and imaging services over the same
time period (Appendix SA2).

We searched for comorbid conditions using International Classification
of Diseases, 9th revision (ICD-9) diagnosis codes appearing on an inpatient
claim or at least two outpatient claims billed more than 30 days apart during
24 through 3 months prior to the diagnosis/index date. Patients were coded
as having 0, 1–2, or at least 3 conditions using a modified list of conditions sug-
gested by Elixhauser et al. (1998). Other measures, including patient age (as
of diagnosis/index date), race, and tumor characteristics, were directly
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obtained from the SEER-Medicare database and the 5 percent random sam-
ple of noncancerMedicare beneficiaries for cases and controls.

Statistical Analysis

To account for the right skewed data while accommodating the clustering of
patients within HRRs, we used hierarchical generalized linear models
(HGLMs) with log link and Poisson distribution. We selected the Poisson dis-
tribution based on a modified Park test (Manning and Mullahy 2001) after we
winsorized the data at the upper 99th percentile to reduce the influence of
extreme values (Dixon 1974; Jha et al. 2009; Adams et al. 2010). We jointly
modeled Medicare expenditures of cases and controls within a single HGLM
model by including separate intercepts for cases and controls and specifying
separate random effects for cases and controls across HRRs while allowing
the two random effects from the sameHRR to be correlated.

To assess the relative contribution of patient, cancer, and treatment fac-
tors to reducing regional variation in total expenditures, we estimated a series
of HGLM models by adding these factors to the model sequentially. Model 0
only included the case and control indicators, and their random effects. Model
1 also adjusted for age, race, metropolitan statistical area status, median house-
hold income, comorbidity, and year of diagnosis/index date (Appendix SA3),
while Model 2 additionally adjusted for cancer stage, laterality, hormone
receptor status, and lymph node involvement. Finally, we examined the
impact of treatment factors, that is, whether different treatment modalities
were used (breast conserving surgery, mastectomy, IMRT, brachytherapy,
external beam radiation therapy [EBRT], biological therapy, chemotherapy,
growth factors, and imaging) (Model 3). As covariance between the two ran-
dom effects for cases and controls was not significantly different from zero
after patient matching variables were adjusted for, we omitted it in models 1–3
to reduce computational burden inmodel estimation. In addition, we included
interaction terms between age categories and the case/control indicator in
models 1–3 to account for heterogeneity in the effects of age on expenditures
between cases and controls. We excluded 11 patients with unknown laterality
from all regression models due to difficulty of including rare risk factors and
the desire to maintain a consistent cohort across models.

In all analyses, we estimated the mean or mean adjusted expenditure for
cases and controls in a given HRR, and calculated their difference as being
“cancer-related.” This approach removed noncancer costs while allowing us
to use model adjustment for patient covariates. Following each model, we

Regional Variation in Breast Cancer Care Cost 171



calculated for each patient her “predicted” Medicare expenditure (i.e., esti-
mated expenditure conditional on the HRR’s specific random effects) and
“expected” Medicare expenditure (i.e., estimated expenditure conditional on
the HRR random effects being zero). Then, for a given HRR i, we estimated
its risk-standardized, per patient Medicare expenditure on breast cancer care
as:

ð�P i
case � �P i

controlÞ
ð�Ei

case � �Ei
controlÞ

� ð�Ocase � �OcontrolÞ

where �P i
case and �P i

control are the mean predicted Medicare expenditure over all
cases and controls, respectively, in HRR i; �Ei

case and �Ei
control are the mean

expected Medicare expenditure over all cases and controls, respectively, in
HRR i; and �Ocase and �Ocontrol are the mean observed Medicare expenditure
calculated over all cases and controls, respectively, in the entire sample
(Timbie and Normand 2008).

After each model, we assigned HRRs to quintiles according to their risk-
standardized, per patient Medicare expenditure on breast cancer care derived
from the model. To ensure robust quintile assignment, we simulated a distribu-
tion of risk-standardized expenditures for each HRR using the posterior distri-
butions of the two random effects. Specifically, for each HRR, we generated
1,000 pairs of random effects (case and control) using the posterior mean and
standard error for each effect and their covariance (when applicable) from the
model. For each pair of simulated random effects, we calculated the risk-stan-
dardized expenditures as indicated in the equation above for each HRR and
classified HRRs into quintiles. The final assignment of each HRR was based
on its mode (i.e., the most common) quintile from the 1,000 simulations.

To estimate observed, per patient Medicare breast cancer–related
expenditure for each HRR, we calculated the difference in mean observed
Medicare expenditure between women with breast cancer and those without
cancer. We reported its distribution across HRR quintiles using quintiles
determined by Model 0. We also examined the distribution of mean observed
Medicare expenditures on different components of care (i.e., expenditures on
surgery, radiation therapy, systemic therapy, growth factors, and imaging ser-
vices) across these quintiles. The extent of regional variation was assessed by
the difference in expenditures between the highest- and the lowest-spending
quintiles.

The relative contribution of patient, cancer, and treatment factors to
reducing regional variation in breast cancer expenditures was examined
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by comparing differences in per patient mean expenditures on breast can-
cer-related care between the highest- and the lowest-spending quintiles
across Models 0–3. HRR quintiles were reassigned after each model to
appropriately reflect the remaining variation in breast cancer–related
expenditures.

While cases and controls from all HRRs were included in estimating the
risk adjustment models, we limited our HRR level analysis to HRRs with at
least 25 cancer patients to ensure reliable estimates. All data management
(including the matching of cases and controls) and analysis were performed
using SAS 9.4 (SAS Inc, Cary, NC, USA) and Stata 13 (StataCorp, College
Station, TX, USA).

RESULTS

Sample Characteristics

There were 29,110 women with stage I–III breast cancer in our cohort, resid-
ing in 99 HRRs (Table 1). Over half (55.4 percent) were diagnosed at stage I,
and 33.3 and 11.3 percent were diagnosed at stage II and stage III, respec-
tively. Sixty percent of the patients had tumors less than 2 centimeters, and
80.1 percent had hormone receptor–positive breast cancer. After excluding
patients with missing data, 89 HRRs had at least 25 cases.

Medicare Expenditures on Initial Breast Cancer Treatment

Based on our net costing method that estimated breast cancer–related
expenditure as the difference in mean per person expenditure between
cases and controls, the estimated per patient Medicare expenditure for the
initial treatment of breast cancer averaged $19,255 (Table 2). Surgery,
radiation therapy, and systemic therapy accounted for the largest shares of
the expenditures, comprising 33.9 percent ($6,527), 30.3 percent ($5,828),
and 14.0 percent ($2,702) of the total expenditures, respectively. Growth
factors and imaging services only accounted for 8.1 percent ($1,558) and
4.3 percent ($831) of the total expenditures, respectively. The remaining
9.4 percent of the expenditure was for “other” care that was not included
in these main treatment categories, such as complications of treatments
and nonimaging lab tests.

Across the HRRs, the average per patient expenditure on breast
cancer–related care (based on the net difference in mean expenditures
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Table 1: Characteristics of Breast Cancer Patients

Sample Characteristics
Breast Cancer Cases Controls

N (%) N (%)

Sample size 29,110 (100.0) 87,330 (100.0)
Age at diagnosis†, in years
67–69 4,990 (17.1) 15,035 (17.2)
70–74 7,585 (26.1) 22,631 (25.9)
75–79 7,016 (24.1) 20,846 (23.9)
80–84 5,595 (19.2) 15,319 (17.5)
85–94 3,924 (13.5) 13,499 (15.5)

Race
White 25,823 (88.7) 72,561 (83.1)
Black 2,031 (7.0) 7,118 (8.2)
Other 1,256 (4.3) 7,651 (8.8)

Elixhauser comorbid score
No conditions 12,696 (43.6) 38,088 (43.6)
1–2 conditions 11,450 (39.3) 32,675 (37.4)
≥3 conditions 4,964 (17.1) 16,567 (19.0)

Metropolitan statistical area
Yes 4,690 (16.1) 14,533 (16.6)
No 24,420 (83.9) 72,797 (83.4)

Median household income
<$33,000 5,863 (20.1) 17,338 (19.9)
$33,000–$39,999 4,293 (14.7) 14,674 (16.8)
$40,000–$49,999 6,077 (20.9) 18,841 (21.6)
$50,000–$62,999 5,750 (19.8) 16,948 (19.4)
≥$63,000 7,122 (24.5) 16,626 (19.0)

Year at diagnosis†

2005 7,141 (24.5) 21,423 (24.5)
2006 7,236 (24.9) 21,708 (24.9)
2007 7,429 (25.5) 22,287 (25.5)
2008 7,304 (25.1) 21,912 (25.1)

Baseline annualMedicare expenditure‡

Median (interquartile range) ($) $2,079 ($745–$5,467) $2,080 ($745–$5,474)
Breast cancer stage
Stage I 16,117 (55.4)
Stage II 9,707 (33.3)
Stage III 3,286 (11.3)

Tumor size
<2 cm 17,569 (60.4)
2–5 cm 9,635 (33.1)
>5 cm 1,538 (5.3)
Missing 368 (1.3)

Laterality
Left 14,780 (50.8)
Right 14,319 (49.2)
Other/unknown 11 (0.0)

Continued
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between cases and controls) was $15,053 in the lowest-spending quintile,
compared to $23,480 in the highest-spending quintile, reflecting a 56.0
percent increase between the lowest and highest quintiles (Table 2). Of the
treatment categories examined, Medicare spending on radiation therapy
differed the most across the quintiles, rising from $5,066 in the lowest-
spending quintile to $6,790 in the highest-spending quintile. Differences in
Medicare expenditures on other treatment categories were smaller
(Table 2).

Factors Contributing to Regional Variation in Breast Cancer Expenditures

The unadjusted model (Model 0) showed a difference of $8,292 in per patient
breast cancer expenditures between HRRs in the lowest- and highest-spend-
ing quintiles (Figure 1). Adjustment for patient sociodemographics and com-
orbidity (Model 1) and tumor characteristics (Model 2) reduced the difference
in risk-standardized expenditures between the lowest- and highest-spending
quintiles by 1.1 and 0.7 percent, respectively, with a total of 1.8 percent of the
difference being explained. Adding binary indicators for the specific treatment
modalities (e.g., IMRT, brachytherapy, EBRT, biological therapy,
chemotherapy) (Model 3) reduced the difference in expenditure between the
lowest- and highest-spending quintiles to $6,936 (i.e., a 14.5 percent reduction
on top of Model 2). Hence, adjustment for patient, cancer, and treatment char-
acteristics together explained 16.4 percent of the difference in Medicare
expenditures on initial breast cancer care between the lowest- and the highest-
spending quintiles.

Table 1. Continued

Sample Characteristics
Breast Cancer Cases Controls

N (%) N (%)

Lymph node involvement
Yes 7,119 (24.5)
No/unknown 21,991 (75.5)

Hormone receptor status§

Positive 23,312 (80.1)
Negative 4,047 (13.9)
Unknown 1,751 (6.0)

Note. Percentages may not add to 100% due to rounding.
†Measured at the time of diagnosis (for cancer patients) or index date (for controls).
‡Assessed over a 12-month period from 18 through 6 months prior to diagnosis/index date to
avoid cost associated with work-up leading to cancer diagnosis.
§Estrogen or progesterone.
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Of the treatments examined, utilization of radiation therapy varied the
most across the HRRs, with the higher spending quintiles more likely to use
the newer, more expensive therapies (Table 3). For example, the proportion
of patients receiving IMRT increased from 1.7 percent in the lowest-spending
quintile to 11.6 percent in the highest-spending quintile, while the proportion

Difference = $8,292 *
Explains 1.1%

of the difference
Explains 1.8% 

of the difference Explains 16.4%
of the difference

$0

$5,000

$10,000

$15,000

$20,000

$25,000

Model 0: No adjustment Model 1: Patient
sociodemographics and

comorbidity

Model 2: Model 1+ Tumor
characteristics

Model 3: Model 2+ Receipt of
treatment modalities

Lowest Quintile Highest Quintile

Figure 1: Variation in Medicare Breast Cancer Expenditures between the
Lowest- and Highest-Spending Quintiles of Hospital Referral Regions
(HRRs), after Adjustment of Selected Patient, Cancer, and Treatment Factors
in Sequential Models

Note. The percentages reflect the proportion of the initial difference in per patient Medicare
expenditure on breast cancer care between the lowest- and highest-spending quintiles
explained by each model. *This number differs slightly from the difference in average per
patient total breast cancer–related Medicare expenditure between quintile 1 and quintile 5
reported in Table 2. The number in Table 2 (i.e., $8,427) was based on observed expenditures,
while the number reported in this figure (i.e., $8,292) was based on a hierarchical generalized
linear regression model with no covariates but separate intercepts for cases and controls and
HRR random effects for cases and controls to account for clustering in data within HRRs
(Model 0).
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using EBRT decreased slightly across the quintiles. Variation in the receipt of
other treatments was less striking. In addition, among patients who received a
given type of treatment, the average expenditure on radiation therapy differed
the most between HRRs in the lowest- and highest-spending quintiles
($10,314 vs. $12,508).

DISCUSSION

Medicare expenditure on initial breast cancer care amounted to nearly
$20,000 per patient during the initial course of treatment. It varied
substantially across HRRs, ranging from $15,053 in the lowest-spending quin-
tile to $23,480 in the highest-spending quintile. Patient sociodemographic,

Table 3: Utilization of Breast Cancer Treatment Modalities across Hospital
Referral Regions (HRRs)

Treatment
Modality

HRRQuintiles, Based on Average per Patient
Medicare Expenditure on Initial Breast Cancer Care

Difference
between

Quintile 1 and
Quintile 51 (Lowest) 2 3 4 5 (Highest)

Proportion of patients receiving each treatment modality (%)
Surgery 97.7 97.9 98.5 97.8 98.6 0.9
Radiation
therapy

49.8 49.3 52.6 53.0 54.0 4.2

EBRT 43.7 40.2 41.3 36.6 37.0 �6.7
IMRT 1.7 4.5 6.7 10.8 11.6 9.9
Brachytherapy 3.3 3.9 3.8 4.9 4.3 1.0

Systemic therapy 16.4 19.9 19.6 21.8 24.4 8.0
Biologic
therapy

3.7 5.0 5.0 4.8 5.8 2.1

Chemotherapy 16.0 19.7 19.4 21.6 23.9 7.9
Growth factors 11.8 15.5 15.1 16.8 18.9 7.1
Imaging services 97.0 96.8 96.8 96.8 96.7 �0.3

Average spending among patients who received a given treatment modality
Surgery $6,214 $6,437 $6,735 $6,887 $7,034 $820
Radiation
therapy

$10,314 $10,990 $10,646 $12,002 $12,508 $2,194

Systemic therapy $12,806 $13,721 $13,309 $13,530 $13,204 $398
Growth factors $9,799 $9,811 $9,735 $10,333 $10,271 $472
Imaging services $735 $802 $883 $953 $930 $195

Note.HRR quintiles were assigned based on simulated results from a hierarchical generalized lin-
ear regression model with no covariates but separate intercepts for cases and controls and HRR
random effects for cases and controls to account for clustering in data within HRRs (Model 0).
EBRT, external beam radiation therapy; IMRT, intensity modulated radiation therapy.
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comorbidity, and tumor characteristics explained little of the variation,
whereas treatment factors, particularly the more expensive IMRT therapy,
were important contributors to the regional variation. However, considerable
variation remained after adjustment for these factors, highlighting the need for
additional research to discern the causes of variation.

Our study extends prior research on breast cancer costs in several
important ways. First, we assessed contributors to total spending and showed
that in addition to surgery, radiation therapy and systemic therapy accounted
for the largest shares. Initiatives that can identify and reduce the use of “unnec-
essary” procedures in these areas would be most effective in lowering the costs
of breast cancer care. Bundling payments in these services may be an effective
strategy to improve efficiency. Conversely, growth factors and imaging ser-
vices only accounted for 8.1 and 4.3 percent of the total expenditures, respec-
tively. Inclusion of imaging with PET, CT, and radionuclide bone scans in the
American Society of Clinical Oncology’s “Top Five” list of questionable
oncology services may provide relatively little opportunity for cost reduction
in women with localized breast cancer (Schnipper et al. 2012).

Our study also provided important new insights about regional variation
in breast cancer costs. Prior studies demonstrated a two-fold difference in age-
standardized Medicare expenditures on breast cancer screening across HRRs
(from $42 to $107 per beneficiary) (Gross et al. 2013), and a nearly $10,000
difference in breast cancer treatment between the lowest- and highest-spend-
ingHRR quintiles for womenwith stage IV breast cancer (over a 6-month per-
iod after diagnosis) (Brooks et al. 2013). Our analysis also found large
variation in Medicare expenditures across HRRs in women with localized
breast cancer. More important, we demonstrated that commonly invoked fac-
tors such as patient case mix explained little of this variation. Contrary to
other studies showing that demographic and baseline health characteristics
explain 33 percent of the difference in per-beneficiary spending between the
highest and lowest HRR quintiles in the general Medicare population (Zuck-
erman et al. 2010), we found that variation in sociodemographics and comor-
bidity only explained 1.1 percent of the difference in Medicare breast cancer-
related expenditures between the highest and lowest quintiles. This may be
due to our use of net costing method with matched cases and controls, and
hence the remaining influence of the sociodemographics and comorbidities
reflects their effect on breast cancer spending specifically. These results
suggest that evidence on sources of cost variation derived from other popula-
tions may not apply to breast cancer care.
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Cancer treatment factors, rather than tumor characteristics, are the more
important underlying drivers of regional spending variation. Adjustment for
breast cancer tumor characteristics only reduced another 0.7 percent of the
difference in Medicare expenditures between the highest and the lowest quin-
tiles. In contrast, treatment factors explained 14.5 percent of the difference in
Medicare expenditures between the highest and the lowest quintiles in our
analysis. Radiation therapy was a particularly important contributor to varia-
tion across regions. Higher spending HRRs used the more expensive modali-
ties, particularly IMRT, more frequently than lower spending HRRs. This is
consistent with recent studies documenting wide variation in IMRT and
brachytherapy use across geographic regions (Presley et al. 2012; Roberts
et al. 2013). As one method to improve radiation dose homogeneity, breast
IMRT has been shown to reduce skin reactions and soft tissue fibrosis (Dono-
van et al. 2007; Pignol et al. 2008). However, the cost effectiveness of breast
IMRT is yet to be established given the availability of other less costly tech-
niques with similar skin and cosmetic benefits (Haffty, Buchholz, and McCor-
mick 2008; Kachnic and Powell 2011; Roof and Marks 2014; Sen et al. 2014).
Indeed, the “Top Five” list identified by the American Society for Radiation
Oncology also questions routine use of IMRT for whole breast radiotherapy
as part of breast conservation therapy (Hahn et al. 2014). Therefore, optimiz-
ing practices surrounding radiation therapy, particularly IMRT, could be an
effective strategy to address variation in Medicare spending. Comparative
effectiveness and cost effectiveness research is needed to fully assess the bene-
fit of the more expensive treatment approaches in breast cancer care and iden-
tify patient groups who may benefit the most from its use. If evidence does not
support their benefit or widespread use, payment reforms (e.g., bundled pay-
ment to incentivize the provision of more cost effective radiation therapy, or
targeting use of IMRT toward subgroups that are likely to benefit from it) may
be warranted. In addition, the current reimbursement system in the United
States does not appropriately distinguish the varying level of complexity in
the IMRT techniques, which can be another area of potential reforms (e.g.,
vary reimbursement rates depending on specific IMRT techniques used).
Moreover, although difference in screening related factors such as stage at
diagnosis is not a main determinant of cost variation across geographic regions
in elderly breast cancer patients, the importance of these factors should not be
dismissed altogether as they may influence other forms of variation such as
race-based differences in costs and patient outcomes.

While we do not know the exact causes for the observed difference in
use of radiation therapy across HRRs, prior studies suggest that availability of
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specialists and regional practice patterns might have played some role. Fein-
stein et al. (2013) showed that among patients with early-stage breast cancer
and short life expectancy, who are less likely to benefit from adjuvant radia-
tion therapy, the risk-standardized rate of adjuvant radiation therapy was sig-
nificantly higher in HRRs with high density of radiation oncologists. Presley
et al. (2012) found regional differences in receipt of brachytherapy, with
higher utilization in the east coast and southwestern part of the country. Addi-
tional research linking characteristics of geographic regions to radiation ther-
apy use, as well as more in-depth comparison of low- versus high-utilization
regions, would help identify underlying drivers for regional difference in
radiation use.

Nevertheless, considerable regional variation (83.6 percent of the differ-
ence in total expenditure between the lowest- and highest-spending HRR
quintiles) remained unexplained after accounting for patient characteristics
and treatment factors. This is consistent with findings from Zuckerman et al.
(2010) showing that 63 percent of the geographic variation inMedicare spend-
ing remain unaccounted for after adjusting for differences in beneficiaries’
sociodemographic characteristics, health status, and area supply of health care
resources. Continued effort is needed to identify other important drivers of
the observed variation in spending, such as provider and regional characteris-
tics and potential differences in intensity of therapies and treatment complica-
tions across HRRs. It is also likely that local areas or care networks within
HRRs have substantial variation as well, which may confound HRR level var-
iation (Zhang et al. 2012). Further research on factors that explain differences
in breast cancer spending across these more refined units of care delivery may
provide additional insights.

Finally, building upon previous episode-based expenditure measures
for breast cancer (Collins et al. 2011), our study developed an analytic frame-
work that incorporates state-of-the-art modeling techniques for risk adjust-
ment and allows for a rigorous case–control design. Consistent with current
approaches to assess risk-standardized outcomes used by the Centers for
Medicare and Medicaid Services (2013a,b), our method was developed to
meet the unique needs of cost analysis and cancer research. The net costing
method enabled us to estimate breast cancer expenditures without subjective
assumptions about which procedures are cancer-related or not (Barlow 2009).
Compared to the adjustment method used in other studies that relied on a
weighted average of patient case mix strata (Brooks et al. 2013), the HGLM
risk adjustment models account for the correlation of expenditures within the
same HRRs and provide flexibility in incorporating a larger number of risk
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factors. Our approach can be readily applied to study other cancer sites, facili-
tating future cancer research and development of episode-based payment
measure in cancer care.

Several limitations of the study should be acknowledged. First, our
analysis was based on SEER-Medicare data, so our findings may not be gener-
alizable to younger patients or patients residing outside SEER regions. Sec-
ond, our measurement of service utilization and comorbid conditions relied
on claims data, which may lack sufficient clinical detail or be subject to errors
or omissions in billing codes. Third, we were not able to include expenditures
on hormone therapy in our analysis because we did not have Medicare Part D
data for the entire study period. Given that 80.1 percent of the women in our
sample were hormone receptor positive, future research examining the contri-
bution of hormone therapy to overall expenditures and regional variation in
expenditures is needed. Fourth, our use of the net costing method relied on
the quality of matching between cases and controls and an inherent assump-
tion that data from the controls can adequately reflect noncancer care expen-
diture for cases in the same HRR. Although our data support good quality of
matching in our sample, it remains possible that our identified variation in
breast cancer–related care across HRRs may be confounded by differences in
consumption of medical resources among the controls across geographic
region. In addition, if cancer patients tend to defer treatment for noncancer
conditions, our method may overestimate expenditures on noncancer care
and hence underestimate cancer-related expenditures. Fifth, our analysis was
limited to Medicare expenditures, which only reflect a portion of the patient’s
overall health care expenditures (Yabroff et al. 2009). Replication of our
analysis using other data sources with more comprehensive measurement of
resource utilization (e.g., including patient out-of-pocket expenditure and pay-
ment by other insurers) will provide additional insights. Finally, we recognize
that by focusing on expenditures alone, the current study cannot fully inform
policy discussion on value of care. Future research assessing the linkage
between expenditures and patient outcomes across regions is needed.

In summary, we found that Medicare expenditures for women with
localized breast cancer were substantial, and that surgery, radiation therapy,
and systemic therapy contributed the most to the overall expenditures. In con-
trast, growth factors and imaging services only accounted for small propor-
tions of the total expenditures. We also demonstrated large regional variation
in breast cancer expenditures that was not explained substantively by patient
comorbidity and tumor characteristics. Instead, cancer-specific treatment fac-
tors, particularly the use of different radiation modalities, were found to be
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important contributors to the variation. Comparative effectiveness research
focusing on these treatment factors can inform future cost containment initia-
tives. Nonetheless, substantial regional variation remained even after adjust-
ment for patient and treatment factors, highlighting the need for additional
research to identify underlying causes for the variation. In addition, under-
standing how variations in health care spending may be associated with
patient outcomes is another important next step to inform value of breast
cancer care.
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