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Purpose: Because benign biopsies resulting from false-positive mammographic findings are a known harm
of breast cancer screening, physicians and test manufacturers are searching for ways to reduce their frequency.
The aim of this study was to estimate potential costs and consequences associated with using an adjunct
diagnostic test for triaging women with suspicious mammographic findings before biopsy.

Methods: A decision model was developed to compare the use of an adjunct test before biopsy to the
current standard of care for suspicious mammographic findings. The decision analysis was performed from the
perspective of a national health payer, with a 1-year time horizon among women representative of the US
screening population aged 40 to 79 years. Three primary outcomes were assessed: (1) incremental costs, (2)
number of benign biopsies avoided, and (3) number of missed opportunities for diagnosing cancer per million
women screened. Input parameters were obtained from the medical literature and expert opinion. Sensitivity
analyses were performed to evaluate the effects of uncertainty in parameter estimates.

Results: The base-case analysis demonstrated that the use of an adjunct diagnostic test with 95% sensitivity,
75% specificity, and a cost of $1,000 would eliminate 8,127 unnecessary breast biopsies per million women
screened. However, this would cost the US health care system an additional $6,462,977 and result in 255
missed opportunities for diagnosing cancer per million women screened.

Conclusions: The addition of an adjunct test for triaging women for breast biopsy after abnormal findings
on screening mammography would likely eliminate many unnecessary biopsies but also increase overall health
care costs. This exploratory analysis highlights the fact that mammography remains a relatively inexpensive
and effective breast cancer screening and diagnostic modality.
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INTRODUCTION
False-positive mammographic findings and the associated
unnecessary biopsies are a recognized harm of screening
and one of the main factors that contributed to the US
Preventive Services Task Force’s breast screening guide-
line changes in 2009 [1,2]. Although mammography can
detect asymptomatic malignancies at less advanced stages
of disease, it is also estimated that approximately 10% of
all women screened receive false-positive results, leading
to additional diagnostic workup [3]. In the United
States, approximately 75% of breast biopsies resulting
from suspicious mammographic findings are for what
ultimately prove to be benign findings [4].
The economic consequences of false-positive results

on screening mammography are multiplicative because
of the cascade of diagnostic studies that may result,
including diagnostic mammography, ultrasound, image-
guided biopsy, and surgical excisional biopsy. With a
conservative estimate of 18 million US women under-
going screening mammography annually, a false-positive
rate of 10% amounts to almost $1 billion in unnecessary
health care spending [5]. Of these additional costs, the
largest proportion is attributable to the many breast
biopsies performed [6]. Decreasing the number of un-
necessary breast biopsies may lead to significant savings
in both patient morbidity and health care costs.
Over the past decade, the advent of protein micro-

arrays and serum proteomic profiling has enabled re-
searchers to identify new biomarker candidates for
cancer detection [7-9]. These high-throughput methods
may hold the key to revealing patterns that can ulti-
mately be used to help detect malignancy [7,10]. In the
case of breast cancer, the development of such a diag-
nostic blood-based test with high enough sensitivity and
specificity to overtake mammography will be consider-
ably challenging given both the biologic heterogeneity of
breast cancer and the high effectiveness of mammog-
raphy [11]. A breast cancer screening bioassay would
need to overcome variability of histologic types, protein
expression patterns, confounding patient comorbidities,
and variations in human biochemistry [12,13].
The Institute of Medicine recently reported that bio-

logically based technologies for breast cancer detection,
although unlikely to supplant mammography, are realis-
tically poised to become adjunct tools to mammography
[14]. Specifically, the report suggests that the develop-
ment of a bioassay for use in aiding the decision-making
process for breast biopsy after suspicious findings on
mammography is a realistic goal. Because breast biopsy is
the current standard of care for the diagnostic evaluation
of all suspicious breast lesions detected by imaging, a
bioassay used to avoid biopsy would require extremely
high sensitivity and negative predictive value (NPV) to
be of benefit to the general screening population.
It is hoped that such a new adjunct diagnostic test

would significantly reduce the economic burden associated
with false-positive results on screening mammography.

Because such a test may also be expensive, it is important
to understand the relationship between expected diag-
nostic performance characteristics, associated costs, and
the potential consequence of missed cancers. Therefore, to
inform current breast cancer-related bioassay development
efforts, our objective was to perform an exploratory anal-
ysis of a highly sensitive, hypothetical, adjunct diagnostic
test that can reduce the number of breast biopsies per-
formed after screening mammography. Specifically, we
estimated the following: (1) the associated incremental
costs, (2) the incremental number of biopsies avoided,
and (3) the incremental number of missed opportunities
to diagnose screening-detected cancer associated with
using a new adjunct diagnostic test for women with sus-
picious mammographic findings before breast biopsy.

METHODS
Because our study did not involve primary data collec-
tion from individual patients, institutional review board
approval was not required.

Model Overview
We developed a health economic decision model using
Microsoft Excel 2010 (Microsoft Corporation, Red-
mond, Washington). The model was populated with
women aged 40 to 79 years with no additional risk fac-
tors for breast cancer other than age who are called back
from screening mammography (BI-RADS� category 0)
and given suspicious assessments after diagnostic workup
(BI-RADS category 4 or 5) [6]. We modeled two diag-
nostic cohorts for women with suspicious imaging find-
ings: one intervention cohort (those who undergo the
new adjunct diagnostic test to determine whether biopsy
is necessary) and one control cohort (those who do not
undergo the new test and go directly to breast biopsy).
Our analysis takes the perspective of the US health
care system (health care payer), with costs calculated
in 2012 US dollars. The analysis has a time horizon of
1 year (a conservative, maximum time interval between
abnormal mammography and definitive tissue diagnosis).
Given the limited time horizon, no discounting or cost
adjustments were necessary.

Model Structure
The model structure, including the competing diag-
nostic pathways that women traverse after abnormal
mammographic findings and recommendation for bi-
opsy, is detailed in Figure 1. In the control arm, women
undergo breast biopsy and receive histopathologic di-
agnoses of either in situ or invasive cancer or benign
findings. Those with benign diagnoses are categorized as
having had potentially avoidable biopsies. In the inter-
vention arm, women with suspicious imaging findings
undergo the new diagnostic test for triaging rather than
being sent directly for biopsy.

Women who receive positive adjunct test results will
proceed to breast biopsy for tissue diagnosis. Women
who receive negative adjunct test results will forgo
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