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Rationale and Objectives: Evidence is inconsistent about whether radiologists’ interpretive performance on a screening mammog-
raphy test set reflects their performance in clinical practice. This study aimed to estimate the correlation between test set and clinical
performance and determine if the correlation is influenced by cancer prevalence or lesion difficulty in the test set.

Materials and Methods: This institutional review board-approved study randomized 83 radiologists from six Breast Cancer Surveil-
lance Consortium registries to assess one of four test sets of 109 screening mammograms each; 48 radiologists completed a fifth test
set of 110 mammograms 2 years later. Test sets differed in number of cancer cases and difficulty of lesion detection. Test set sensi-
tivity and specificity were estimated using woman-level and breast-level recall with cancer status and expert opinion as gold standards.
Clinical performance was estimated using women-level recall with cancer status as the gold standard. Spearman rank correlations between
test set and clinical performance with 95% confidence intervals (CI) were estimated.

Results: For test sets with fewer cancers (N = 15) that were more difficult to detect, correlations were weak to moderate for sensitivity
(woman level = 0.46, 95% CI = 0.16, 0.69; breast level = 0.35, 95% CI = 0.03, 0.61) and weak for specificity (0.24, 95% CI = 0.01, 0.45)
relative to expert recall. Correlations for test sets with more cancers (N = 30) were close to 0 and not statistically significant.

Conclusions: Correlations between screening performance on a test set and performance in clinical practice are not strong. Test set
performance more accurately reflects performance in clinical practice if cancer prevalence is low and lesions are challenging to detect.
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INTRODUCTION

T he interpretive performance of screening mammogra-
phy varies extensively among US radiologists (1,2). Given

US radiologists have relatively low interpretive volume, on
average (3,4), and often do not work up their own recalled
cases (5), they have limited opportunities to know, directly
or indirectly, whether women they recalled or did not recall
on screening mammograms experienced benign or malig-
nant outcomes. A test set of selected mammography images
could be an efficient method to assess radiologists’ skill level
and to identify potential opportunities for improvement. Ad-
ditionally, test sets could help radiologists meet Part 2 of the
American Board of Radiology’s Maintenance of Certifica-
tion requirements (Lifelong Learning and Self-Assessment) (6).

Findings from prior studies are inconsistent about whether
interpretive performance on screening mammography test sets
is correlated with performance in clinical practice, possibly
due to small samples (of radiologists or images) and variabil-
ity in test set composition, performance measures evaluated,
and statistical approaches used (7–9). In a study of 27 US ra-
diologists who interpreted a test set of 113 film screening
mammography examinations (30 with cancer), Rutter and
Taplin (9) found moderate correlation between the specific-
ity of screening mammography interpreted in clinical and test
settings (0.41; 95% Bayesian credible interval: 0.16, 0.62), but
no evidence of correlation between clinical and test set sen-
sitivity (−0.18, 95% Bayesian credible interval: −0.27, 0.59).
In contrast, Soh et al. (7) found significant, moderate corre-
lations of 0.30–0.57 between several clinical audit measures
and two test set measures (location sensitivity and jackknif-
ing free-response operating characteristic figure-of-merit) of
60 cases (20 with cancer) read by 20 radiologists, but no cor-
relation with test set specificity. Similarly, Scott et al. (8) found
significant, moderate correlations of 0.29–0.41 between several
performance measures on the PERFORMs test set and clin-
ical performance among 39 readers in the UK. None of these
prior studies evaluated the influence of breast cancer preva-
lence or lesion difficulty on the strength of the correlations.

In this study, we created five tests sets with different cancer
prevalence and varying levels of difficulty detecting cancerous
lesions. We sought to determine whether performance on the
test set was correlated with performance in clinical practice, and
whether these associations depend on cancer prevalence or
difficulty.

MATERIALS AND METHODS

Study Population

Radiologists interpreting mammography at facilities partici-
pating in one of six Breast Cancer Surveillance Consortium
(BCSC) registries between January 2005 and December 2006
were invited to participate as part of a larger randomized trial
that also included non-BCSC radiologists (10). Participating
BCSC registries included the Carolina Mammography Registry,

Group Health Surveillance Registry in Washington State, New
Hampshire Mammography Network, San Francisco Mam-
mography Registry, New Mexico Mammography Project, and
Vermont Breast Cancer Surveillance System. Because this study
required an estimate of clinical performance, we only in-
cluded radiologists with at least 10 screening mammograms
with cancer for estimating sensitivity or 100 screening mam-
mograms without cancer for estimating specificity in the BCSC
database. A total of 83 radiologists with a sufficient number
of screening mammograms for estimating clinical perfor-
mance completed at least one test set.

Each site received institutional review board approval for study
activities. Informed consent was obtained from radiologists par-
ticipating in the study. Active or passive consent or waivers of
consent were obtained from women receiving mammograms at
a BCSC facility. All procedures complied with the Health In-
surance Portability and Accountability Act. Identities of women,
physicians, and facilities are protected by a Federal Certificate of
Confidentiality and other protections. Radiologists received up
to eight free Category I continuing medical education credits
for interpreting a test set.

Test Set Development

We developed five test sets, each with 110 cases. For test sets
1–4, one case was incorrectly uploaded into the system, leaving
109 cases for analysis. Test sets 1–4 shared 91 cases. Test set 5
shared 58 normal exams without cancer with one of the first four
test sets.

Test set development is described in detail elsewhere (11).
Briefly, we sampled 314 screening mammograms performed
at a BCSC facility from 2000 to 2003 on women aged 40–
69 years who also had a previous mammogram within the
prior 11–30 months for use as comparison. We excluded exams
performed on women with a history of breast cancer, mas-
tectomy, or breast augmentation. Each test set case consisted
of craniocaudal and mediolateral oblique views of each breast
with comparison views from the prior 11–30 months.

American College of Radiology (ACR) staff digitized the
film-screen mammography images. We created an expert panel
of three senior breast imaging specialists who taught at aca-
demic medical centers (12). Each expert independently reviewed
the digitized images using custom-designed software while
blinded to the woman’s cancer status, and indicated whether
the woman should be recalled. Examinations of insufficient
quality or with marks were flagged for exclusion. For re-
called images, experts classified the most significant finding
as a mass, calcification, asymmetrical density, or architectur-
al distortion, and assigned a level of difficulty of identifying
the lesion as obvious, intermediate, or subtle. Consensus expert
opinion was taken to be the agreement of at least two of three
experts for each measure, and the remaining examinations were
resolved during a consensus meeting (12).

The test sets differed by cancer prevalence and case difficulty
(Table 1). Test sets 1, 2, and 5 had lower cancer prevalence
(15 cancer cases) than test sets 3 and 4 (30 cancer cases). Cancer
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