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Rationale and Objectives: This study aimed to determine whether mammographic features assessed by radiologists and using com-
puter algorithms are prognostic of occult invasive disease for patients showing ductal carcinoma in situ (DCIS) only in core biopsy.

Materials and Methods: In this retrospective study, we analyzed data from 99 subjects with DCIS (74 pure DCIS, 25 DCIS with occult
invasion). We developed a computer-vision algorithm capable of extracting 113 features from magnification views in mammograms and
combining these features to predict whether a DCIS case will be upstaged to invasive cancer at the time of definitive surgery. In com-
parison, we also built predictive models based on physician-interpreted features, which included histologic features extracted from biopsy
reports and Breast Imaging Reporting and Data System-related mammographic features assessed by two radiologists. The general-
ization performance was assessed using leave-one-out cross validation with the receiver operating characteristic curve analysis.

Results: Using the computer-extracted mammographic features, the multivariate classifier was able to distinguish DCIS with occult
invasion from pure DCIS, with an area under the curve for receiver operating characteristic equal to 0.70 (95% confidence interval:
0.59–0.81). The physician-interpreted features including histologic features and Breast Imaging Reporting and Data System-related mam-
mographic features assessed by two radiologists showed mixed results, and only one radiologist’s subjective assessment was predictive,
with an area under the curve for receiver operating characteristic equal to 0.68 (95% confidence interval: 0.57–0.81).

Conclusions: Predicting upstaging for DCIS based upon mammograms is challenging, and there exists significant interobserver vari-
ability among radiologists. However, the proposed computer-extracted mammographic features are promising for the prediction of occult
invasion in DCIS.
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INTRODUCTION

D uctal carcinoma in situ (DCIS) is a preinvasive tumor
confined within the ducts of the mammary glands
(1) and lies along the breast cancer continuum

between atypical ductal hyperplasia and invasive ductal

carcinoma. The incidence of DCIS has increased substantial-
ly since the introduction of mammographic screening, with
over 60,000 women in the United States diagnosed with DCIS
every year, representing approximately 20% of all new breast
neoplasm diagnoses (2). However, despite the increased in-
cidence of DCIS, there has not been a concomitant decrease
in invasive breast cancer (3). Since the risk of progression from
DCIS to invasive cancer is unclear, with estimates ranging from
14% to 53% (4), there is a growing debate about overdiagnosis
and consequent overtreatment of DCIS. Furthermore, among
DCIS-only cases diagnosed at core biopsy, approximately 26%
will be shown to contain invasive ductal carcinoma at sur-
gical excision (5). This upstaging, specifically from DCIS
diagnosed at core biopsy to invasive ductal carcinoma at ex-
cision, has important consequences for patient management.

Many studies have sought to predict the occult invasion in
DCIS. Different factors or markers, including immunohisto-
chemical biomarkers, histologic features, and mammographic or
sonographic findings, have been described and associated with
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outcomes in DCIS (5–11). However, none of these factors have
been accepted as a definitive predictor of this upstaging or
are sufficiently reliable for clinical use. Overall, it still remains
a difficult task and unmet need to accurately predict occult
invasive disease in DCIS.

Breast microcalcifications (MCs) appear in 30%–50% of
mammographically detected cancers (12), and over 90% of
women with DCIS have suspicious MCs on mammography
(13). There has been much work using computer-aided de-
tection (CAD) and computer-aided diagnosis (CADx) for
mammography including MC clusters (14–20). Other CAD
or CADx studies have focused on DCIS (21–24), but those
studies have not utilized the diagnostic magnification views
routinely available during the workup of suspicious calcifi-
cations, which offer additional details not appreciable on routine
full-field screening mammographic views. In this work, we
hypothesize that computer-vision techniques as well as various
mammographic features developed for screening detection or
diagnosis can be used to help predict the presence of occult
invasive disease associated with DCIS. We have, therefore,
developed a computer-vision algorithm-based approach to
extract mammographic features for patients with DCIS, and
built a classification model relying on these features to dis-
tinguish between pure DCIS and DCIS with occult invasive
disease.

MATERIALS AND METHODS

The processing pipeline to analyze the digital mammography mag-
nification views is shown in Figure 1. A core component of

our prediction model is a computer-vision algorithm-based
approach to extract mammographic features (denoted as
computer-vision features in the remaining sections). In ad-
dition, we also extracted and evaluated some histologic features
and Breast Imaging Reporting and Data System (BI-RADS)-
related mammographic features that have been used in the
literature (1,5,6,25–29) (denoted as physician-interpreted fea-
tures in the remaining sections), and compared their predictive
power for occult invasive disease in DCIS with the computer-
vision features.

Subject Selection

The present study was approved by the institutional review
board of Duke University. All procedures were compliant
with the Health Insurance Portability and Accountability
Act. Our subjects included women aged 40 and older who
underwent stereotactic core needle biopsy and were diag-
nosed with pure DCIS that presented as calcifications only,
and for whom at least one digital magnification view was
available. Exclusion criteria included the presence of any
masses, asymmetries, or architectural distortion on a mam-
mogram; a history of breast cancer or prior surgery; and the
presence of microinvasion at the time of initial biopsy. The
excluded subjects were deemed to be already at high risk of
invasion and therefore were not appropriate for the present
study. Overall, 99 subjects from our institution with
biopsy-proven DCIS only were retrieved from 2009 to
2014. Of those, 25 were upstaged to invasive cancer at the
time of definitive surgery. All magnification views were

Figure 1. Flowchart of the proposed methodology. CV, computer-vision; DCIS, ductal carcinoma in situ; FFDM, full-field digital mammog-
raphy; MC, microcalcification; ROC, receiver operating characteristic; ROI, region of interest.
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