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Abstract

Introduction Breast cancer treatment includes increasingly complex and expensive treatments. Accordingly, the current
estimates of the cost of breast cancer treatment are out of date.

Methods The SEER-Medicare Data Link provided 142,837,978 paid Medicare claims from 398,148 female beneficiaries between
the ages of 22 and 110 diagnosed with breast cancer between 2007 and 2016. These claims were compared with 153,071,044
claims from 443,952 Medicare beneficiaries without a cancer diagnosis. The total, fully adjudicated, amounts for each claim were
summed to determine total treatment cost for each beneficiary. These costs were then aggregated by year after diagnosis and stage
at diagnosis. The actuarial survival of beneficiaries with cancer was calculated using the Kaplan—Meier method.

Results Mean costs for the control group were $8,019 per year. The 10-year cost of cancer treatment in Medicare beneficiar-
ies was directly related to stage at diagnosis and ranged from $103,573 for stage O cancers to $376,573 for stage 4 cancers.
The highest cost occurred during the first 2 years after diagnosis, the time of the beneficiary’s initial treatment. Following
the first 2 years, healthcare costs remained elevated for at least 10 years after diagnosis.

Conclusions The 10-year treatment cost of female Medicare beneficiaries with breast cancer increases with increasing stage
at diagnosis. Any effective screening technology that reduces stage at diagnosis will result in significant treatment cost sav-

ings to the Medicare program.
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Introduction

Breast cancer treatment is a major source of national health
expenditure, with over $12 billion being spent on breast can-
cer treatment in 2013 alone [1].

Breast cancer care has evolved over the last 40 years from
a primarily surgical disease to a disease that is treated with
a variety of modalities including not only surgery, but also
radiation, cytotoxic chemotherapy, endocrine therapy, and
new biologic agents. As a result, published estimates of the
cost of treatment have increased over the years [2].

This paper describes a project to update estimates of
breast cancer treatment costs and survival for research-
ers, policy makers, and private insurance carriers using
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the measured costs for breast cancer treatment found in the
SEER-Medicare Data Link.

Medicare is a United States Government program to pro-
vide medical insurance to American citizens who are over
age 65, disabled, or who have certain medical conditions that
have been specifically defined by Congress.

Medicare benefits are paid to healthcare providers who
submit claims for payment under Parts A, B, C, and D of
the Medicare Program. Part A coverage was established as
a Federal Government entitlement in 1965. Part A covers
hospital-based costs and certain other costs, such as hospice
care and home health nursing care. Every Medicare benefi-
ciary has Part A coverage.

Part B coverage was also established in 1965 to cover
outpatient expenses such as physician fees and outpatient
imaging. Part B coverage is optional and must be elected by
Medicare beneficiaries.

Part C coverage was established in 1999 and covers
most expenses covered under Part B as well as outpatient
prescriptions, which are not covered under Part B. Part C
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plans are referred to as “Medicare Advantage Plans” and are
administered by private insurance companies under contract
to the Medicare Program. Part C can be thought of as a pri-
vate insurance replacement for Part B.

Part D covers outpatient prescriptions, including some
chemotherapeutic medications for people covered under Part
B. Part D was established in 2007. To be eligible for Part D,
a beneficiary must have elected Part B coverage.

Medicare claims paid under Parts A, B, and D are
recorded in the National Medicare Claims Database. Part C
claims are not recorded in the Claims Database, but rather
are maintained and paid by the contracted insurance carriers
who administer the Part C program.

The Surveillance, Epidemiology, and End Results (SEER)
Program was established by the United States National Can-
cer Institute in 1973 to track both diagnostic and treatment
outcomes from cancers treated in the United States. The
SEER Program databases are available for research.

The SEER-Medicare Data Link, a joint collaboration
between the National Cancer Institute and the Centers for
Medicare and Medicaid Services pairs cancer records from
the SEER Program with Medicare claims data from the
National Medicare Claims Database. For each cancer patient
in the Data Link, information on their cancer diagnosis,
treatment, and Medicare eligibility is paired with their Part
A, B, and D, fully adjudicated Medicare claims beginning
just prior to their date of diagnosis [3, 4].

A group consisting of a 5% sample of Medicare patients
who do not have a cancer diagnosis are included in the Data
Link as a control group [3]. Claims data provided through
the Data Link is organized into Standard Analytic Files.

Methods

Records were requested from the Data Link covering
women of any age diagnosed with breast cancer between
January 2006 and January 2016. The provided data included
142,837,978 Medicare claims for 398,148 women diagnosed

Table 2 Claims filtering prior to analysis

Cancer claims

Control claims

Provided claims 142,837,978 153,071,044
Not A, B, and D coverage 82,396,342 94,345,303
CA prior to breast cancer 29,573,343 0
Incomplete PEDSF records 657,442 0

End-stage renal disease 412,804 467,553
Males 1438 1232
Incomplete claims 43 89

Claims for analysis 29,796,566 58,256,867

between the ages 22 and 110. These women constitute the
cancer group.

Medicare eligibility, coverage, stage at diagnosis, treat-
ment, and survival for the cancer group was provided in the
Patient Entitlement and Diagnosis Summary File (PEDSF)
along with information about each beneficiary’s survival.

A total of 153,071,044 claims in 443,952 women without
a cancer diagnosis were also provided by the Data Link in
the Summarized Denominator (SUMDENOM) file. These
women form the control group.

The claims from both the cancer and control groups were
organized as shown in Table 1.

Women in the cancer group, who had Part A, B, and D
Medicare fee-for-service coverage, were included in this
analysis. Excluded were males, women with a diagnosis of
cancer prior to their breast cancer diagnosis, end-stage renal
disease, incomplete PEDSF records, or incomplete claims.
Women with Part C coverage were also excluded. The same
exclusions were applied to the control group.

For each woman in the study, the claims paid were ana-
lyzed starting with their initial claim date and for every date
thereafter up until 10 years after their initial claim date. The
initial claim date for women in the cancer group was their
date of diagnosis. The initial claim date for women in the
control group was their date of Medicare coverage eligibility.

The claims were imported into a MySQL Database (Ora-
cle Inc., Redwood Shores, CA) for analysis. The claims files
were decoded and filtered as shown in Table 2. The date of

Table 1 Medicare claims

. . SA File Claim source Program Claims

reviewed by Standard Analytic

File Cancer Control
PDE Prescriptions Part D 63,494,721 80,071,652
NCH Clearinghouse outpatient Part B 63,120,014 57,528,682
OUTPT Hospital outpatient Part B 11,098,635 9,293,228
DME Durable medical equipment Part B 3,523,051 4,352,818
MEDPAR Hospital inpatient Part A 1,025,676 1,091,717
HHA Home health Part A, B 361,546 449,234
HOSP Hospice Part A 214,335 283,713
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the claim, the type of claim, and the claim payment were
noted.

The dollar cost payment of each individual claim was
calculated as either the Medicare allowable payment, or the
actual payment from Medicare plus any beneficiary respon-
sibility, depending on the type of claim.

The claims for the control group were aggregated into
intervals representing each year of care after the initial
claim date. The mean interval cost of care for the control
group is the sum of the cost of each claim within the interval
divided by the number of beneficiaries that had claims that
fell within the interval. A mean cost of care per year for the
control group is also calculated as the mean of the interval
costs per year.

The claims for the cancer group were similarly aggre-
gated into intervals representing each year of care after the
date of diagnosis and then further subdivided into a stage
interval according to the stage at diagnosis of the benefi-
ciary. For each year and stage interval, the cost of each claim
is summed, and the total is divided by the number of ben-
eficiaries who fall into that interval. Then the mean cost of
care for the control group is subtracted from each interval to
arrive at the mean cost of cancer care for that interval. The
mean 10-year cost of cancer care for each stage at diagnosis
is then the sum of the individual interval costs for that stage.

Results

The interval costs for each year following Medicare eligibil-
ity in the control group is shown in Table 3. The mean cost
of care per year for the control group is $8,019.

The mean cost of care per year to the Medicare Program
in the control group is consistent with previously published
data on Medicare beneficiary spending [5].

The mean interval yearly costs for the care of Medicare
beneficiaries with breast cancer by stage at diagnosis and
year after diagnosis are shown in Table 4. The total 10-year
mean cost of cancer treatment ranges from $103,571, for
stage 0 cancers, to $376,562 for metastatic, stage 4, cancers.

This represents a difference in cost of a factor of 3.6
between very early stage and metastatic cancer. These fig-
ures agree well with other measured cost reports for breast
cancer treatment [6].

Table 4 Mean interval cost of cancer care (U.S. dollars) for female
Medicare beneficiaries with a diagnosis of breast cancer who elected
Part A, B, and D coverage between 2007 and 2016 by stage at diag-
nosis and year of follow-up with 10-year totals by stage

Stage at diagnosis

Year after 0 1 2 3 4

Dx

1 $33,138  $45,189 $63,628 $88,490  $83,490
2 $18,409 $22,388 $30,714 $43,950 $70,974
3 $6,674 $8,134  $11,606 $17,873  $37,042
4 $4,967 $8,345 $12,072  $17,774  $37,940
5 $7,785 $9,453  $10,795 $15,337  $32,750
6 $8,093 $9,391  $11,044 $13,575 $36,974
7 $6,891 $9,776  $11,119  $14,643  $30,767
8 $8,257 $10,440 $11,754 $17,469 $19,618
9 $8,357 $9,610 $8,989  $11,964 $10,486
10 $1,000 $3,702 $4,687 $3,379  $16,521

10-year cost $103,571 $136,428 $176,408 $244,454 $376,562

With increasing stage, the 10-year Medicare cost of
treatment also increases. This increase in the cost is not
linear, but increases exponentially with stage as shown in
Fig. 1.

Initial treatment costs, occurring within the first 2 years
after diagnosis, are also related to stage at diagnosis.
Treatment for advanced stage cancers (stage 2—4) are up
to three times as expensive as the treatment for early-stage
cancers (stage 1-2).

Costs after initial treatment (years 3—10) increase with
stage at initial diagnosis. Here, post-treatment costs for
advanced cancers are up to four times more expensive as
they are for early-stage cancers. This likely reflects costs
related to post-treatment surveillance and the diagnosis
and treatment of both recurrences and second primary
cancers (Table 5).

Survival for the Medicare beneficiaries diagnosed with
breast cancer between 2007 and 2016 and included in this
analysis is calculated using the Kaplan—Meier method [7]
and is shown in Table 6. As expected, survival is much
better for Medicare beneficiaries diagnosed at an early
stage.

Table 3 Mean cost of care (U.S. Dollars) by year after eligibility for female Medicare beneficiaries without a diagnosis of cancer who have part

A, B, and D coverage between 2007 and 2016

Year 1 2 3 4 5

6 7 8 9 10

Cost $7928 $8074 $8210 $8560

$8416

$8062 $7536 $7474 $7918 $8020
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Table 5 Mean cost of initial treatment (years 1-2) vs. subsequent cost
of care (years 3—10), in U.S. dollars, for Medicare beneficiaries with
a diagnosis of breast cancer who elected Part A, B, and D coverage
between 2007 and 2016

Stage at diagnosis

Years 0 1 2 3 4

1-2 $51,548
3-10 $52,024

$67,577
$68,851

$94,341
$82,066

$131,962
$112,014

$154,465
$222,098

Table 6 Kaplan—Meier survival probability for Medicare beneficiar-
ies diagnosed with breast cancer between 2007 and 2016 by stage at
diagnosis

Stage at diagnosis

Year 0 1 2 3 4

1 0.979 0.966 0.922 0.850 0.503
2 0.962 0.934 0.846 0.708 0.355
3 0.937 0.899 0.780 0.603 0.246
4 0.914 0.861 0.714 0.527 0.170
5 0.886 0.823 0.656 0.464 0.128
6 0.857 0.777 0.604 0.410 0.091
7 0.820 0.738 0.563 0.364 0.070
8 0.790 0.702 0.521 0.334 0.062
9 0.748 0.670 0.483 0.290 0.041
10 0.748 0.670 0.483 0.290 0.041
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Discussion

Breast cancer treatment has progressed significantly over
the last few decades. With that progress has come mark-
edly improved survival, but also greater cost. As a result,
previous estimates of breast cancer treatment cost are out
of date.

We determined the cost of breast cancer treatment from
the standpoint of the cost to the Medicare program. Our
costs reflect those of the Medicare Program and any second-
ary insurance costs, including patient out-of-pocket respon-
sibility payments. This viewpoint will facilitate decisions
by policymakers, insurance carriers, and others as to the
coverage of medical services related to breast cancer care.

The use of the SEER-Medicare Data Link allows us to
ascertain the total costs of treatment for a broad range of
Medicare beneficiaries by direct measurement of actual
claims. The actuarial survival for the individuals who are
part of this cost determination is also directly measured in
this study. Thus, future researchers who use this data need
only provide a quality-of-life scale prior to performing a
cost—efficacy analysis. This approach is potentially superior
to methods that use mathematical modeling [8], since no
assumptions are required to determine actual cost.

In calculating the total cost of treatment using Medicare
claims, we used the claims of women with part A, B, and D
coverage. These claims represent the fee-for-service Medi-
care population and best reflects the true cost of services to
the Medicare program.

As has been seen in prior studies [6, 9-14], we show that
treatment cost is directly related to stage at diagnosis. The
cost of initial care in beneficiaries with an advanced breast
cancer is up to three times more expensive than for those
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with early-stage cancer. This increase in cost is exponentially
related to stage.

The magnitude of these treatment costs agrees with pre-
vious cost estimates performed within the last 10 years on
women with breast cancer in the United States. These studies
include women in the commercially insured, managed care,
and government supported populations [6, 9-14].

We also found that the cost of subsequent care, beyond
the first 2 years after diagnosis, is increased for all benefi-
ciaries with a diagnosis of breast cancer. This increase lasts
for at least 10 years, possibly for life. These post treatment
costs are up to four times greater in beneficiaries who have
advanced cancer. This is a new finding, since there is very
limited data on costs of breast cancer care performed in the
United States beyond four years of follow-up [9].

One advantage of this long-term follow-up is that the
costs of most recurrences, both local, regional, and distant
will be reflected in claims that occur during the follow-up
period, since most breast cancer recurrences happen within
the first 7 years after diagnosis [15]. Accordingly, these costs
are measured, they don’t have to be modeled.

The primary implication of these findings is that any
screening technology that reduces stage at diagnosis will
result in significant treatment cost savings, up to hundreds
of thousands of dollars per diagnosed cancer. This reduction
in stage benefit has the potential to greatly offset the cost of
population-based breast cancer screening. Further study of
this is warranted.

There are, of course, limitations to this study. The cost
estimates are based on the Medicare covered population,
which primarily consists of seniors over 65, but also includes
beneficiaries with comorbidities significant enough to cause
disability. Although we have excluded beneficiaries with
end-stage renal disease, this population can be expected to
have a higher cost of care, particularly in those less than
65 years of age. Similarly, survival in this population can
be expected to be somewhat less than in women without
disability.

The date of diagnosis in the SEER Registries used in this
analysis is set by the center that enters the original data. This
may, or may not, correspond to the date of biopsy. The use of
clinical impression for the date of diagnosis is acceptable in
the SEER registries, which may result in a cost overestima-
tion for the first year of treatment.

Furthermore, this study computed an average cost based
on a national average of all the beneficiaries in the Data
Link. There may be regional variations within this data set
that are missed by this analysis.

And, of course, since this cost data is based on the treat-
ment of beneficiaries between 2007 and 2016, advancing
technologies will render these data obsolete in time.
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