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Purpose: This study aims to determinewhether radiologists who performwell in screening also performwell in
interpreting diagnostic mammography.
Materials and methods: We evaluated the accuracy of 468 radiologists interpreting 2,234,947 screening
and 196,164 diagnostic mammograms. Adjusting for site, radiologist, and patient characteristics, we identified
radiologists with performance in the highest tertile and compared to those with lower performance.
Results: A moderate correlation was noted for radiologists' accuracy when interpreting screening versus
their accuracy on diagnostic examinations: sensitivity (rspearman=0.51, 95% CI: 0.22, 0.80; P=.0006) and specificity
(rspearman=0.40, 95% CI: 0.30, 0.49; Pb.0001).
Conclusion: Different educational approaches to screening and diagnostic imaging should be considered.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Interpretation of diagnostic imaging requires a radiologist to
evaluate images tailored to examine a specific abnormality associated
with a patient's specific symptoms or abnormalities identified at
screening. In contrast, interpretation of screening examinations
requires evaluation of standard images from a large population of
individuals without specific clinical signs or symptoms. The screening
interpretive process requires visual pattern recognition when scanning
a high volume of images, while diagnostic interpretations require
careful analysis of specific abnormalities often using spot compression
and magnification views. Diagnostic interpretation also benefits
from reports of physical findings made by the patient or physician or
additional imaging by other modalities.

Screening and diagnostic examinations involve different
patient populations, divergent disease probability, variable numbers

and projections of images, and distinct interpretative approaches
(e.g., batch reading of screening examinations versus individual reading
of diagnostic examinations) [1,2]. Additionally, management recom-
mendations for abnormal assessments usually differ between screening
and diagnostic imaging, with suspicious screening examinations often
leading to additional diagnostic imaging and suspicious diagnostic ex-
aminations leading to biopsy. These factors suggest that radiologists
use different interpretive processes, skills, and thresholds for noting ab-
normalities when assessing screening versus diagnostic examinations.
However, little attention has been paid to this topic.

One previous study of radiologists' interpretations of a screening and
diagnostic mammogram test set found little correlation between their
accuracy in interpreting screening and diagnostic examinations [3].
This paper describes the imbalance in radiologists' skill development
and proficiency between screening and diagnostic interpretation as
“expertise disequilibrium” [3]. To our knowledge, this topic has not
been examined outside of test set conditions. As screening examina-
tions continue to be added to the field of radiology (e.g., lung cancer
screening, MRI of the breast, screening in high-risk women, etc.), this
topic is of increased importance.
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In the present study, we examined the correlation between screen-
ing and diagnostic interpretive accuracy among individual radiologists
using data from real-world settings. We analyzed detailed performance
data from the Breast Cancer Surveillance Consortium (BCSC) mammog-
raphy registries [4], studying a large groupof practicingU.S. radiologists.
Data included screening and diagnostic mammogram interpretations
accompanied by information on cancer outcomes merged with survey
information on radiologist demographics, training, and other characteris-
tics collected from the Factors Associated with Variability of Radiologists
(FAVOR) study [5]. Our overarching goal was to evaluate whether radi-
ologists with the highest performance when interpreting screening
mammograms also have the highest performance when interpreting
diagnostic mammograms.

2. Materials and methods

2.1. Study population

Our community-based, multicenter study included radiologists and
breast imaging specialists throughout the United Stateswho participate
in the BCSC [6]. Seven mammography registries contributed data:
San Francisco Bay Area, Colorado, North Carolina, New Mexico, New
Hampshire, Vermont, and western Washington. These registries collect
patient demographic and clinical information at mammography exam-
inations conducted at a participating facility [4]. This information is
linked to regional cancer registries and pathology databases to deter-
mine cancer outcomes. Each registry and the Statistical Coordinating
Center received an institutional review board approval for either active
or passive consenting processes or for a waiver of consent to enroll par-
ticipants, link data, and perform analytic studies. All procedures were
Health Insurance Portability and Accountability Act compliant, and all
of the registries and the Statistical Coordinating Center have received
a Federal Certificate of Confidentiality and other protection for the iden-
tities of the patients, physicians, and facilities involved in this research.

Included in these analyses are interpretive performance data
from all seven BCSC registry sites on 468 radiologists who interpreted
at least one screening and one diagnostic mammogram between
January 1, 2001 and December 31, 2006. These dates matched the
FAVOR study's survey period to correlate radiologist characteristics
with interpretive performance.

2.2. Definitions of screening and diagnostic mammography

We defined screening and diagnostic mammography according to
the standard BCSC definitions [7]. A screening mammogram was
defined as a bilateral examination indicated by the radiologist or techni-
cian as having been conducted for screening purposes; in addition, it
had to be performed at least 9 months after any prior breast imaging
on a woman with no history of breast cancer, reconstruction, or
augmentation. We excluded screening mammograms performed on
women who self-reported a breast lump or nipple discharge (b2%
of screening examinations) because these mammograms may be
interpreted differently than routine screening mammograms per-
formed on asymptomatic women.

A diagnostic mammogram was defined as an examination per-
formed to evaluate a breast concern (i.e., a clinical sign or symptom).
We excluded short-interval follow-up mammograms and mammo-
grams obtained for further evaluation of a recent screening mammo-
graphic examination. These exclusions were based on our overarching
goal to assess diagnostic acumen outside of these screening situations
because these follow-up examinations are typically obtained to assess
findings noted during a screening examination.

Data from a self-administered survey provided information on the
individual characteristics and clinical experience of a subset of radiolo-
gists [5,8]. The survey included questions on demographics, clinical
training, and previous breast imaging experience. The survey was

mailed to only 277 of the original cohort of radiologists because
some radiologists had stopped practicing at a BCSC facility by the date
of mailing. Responses are available for 195 (70%) of the subset of
277 radiologists.

2.3. Measurements (sensitivity and specificity)

We used the standard BCSC definitions based on the ACR BI-RADS
4th edition guidelines (which was the standard during the study peri-
od) [9] to measure radiologists' interpretive performance [7]. Screening
mammograms were classified as positive if they received an initial BI-
RADS assessment of 0 (needs additional imaging), 4 (suspicious abnor-
mality), or 5 (highly suggestive of malignancy). An initial BI-RADS
assessment of 3 (probably benign)with a recommendation for immedi-
ate follow-up was also considered positive. Screening mammograms
were classified as negative if they received a BI-RADS assessment of 1
(negative), 2 (benign), or 3 (probably benign) without a recommenda-
tion for immediate follow-up.

Diagnostic mammograms were classified as positive if they received
a final BI-RADS assessment, after all diagnostic imagingwas performed,
of 0, 4, 5, or 3 with a recommendation for biopsy or surgical consult.
Diagnostic mammograms were classified as negative if they received a
BI-RADS assessment of 1, 2, or 3 without a recommendation for biopsy
or surgical consult. The BCSC makes the distinction between BI-RADS
3 assessments with and without a recommendation for biopsy or
surgical consult due to the differing clinical recommendations of more
invasive biopsy versus noninvasive imaging follow-up.

Consistent with current standards in assessing mammography,
breast cancer was defined as ductal carcinoma in situ or invasive breast
cancer [9–11]. For screening mammograms, outcome status was de-
fined by breast cancer diagnosis within 1 year after the mammogram
and before the next screening mammogram. For diagnostic mammo-
grams, outcome status was defined by whether a breast cancer diagno-
sis was recorded in the 30 days prior to or up to 1 year following the
diagnostic examination. This was done because the diagnosis may
have been dated to the first evidence of breast cancer (potentially
prior to the mammogram) for women with signs and symptoms.

Weconsidered amammogramassessedaspositive tobe a truepositive
if a diagnosis of breast cancer was reported within the follow-up period.
We considered a mammogram assessed as negative to be a true negative
if breast cancer was not reported within the follow-up period.

2.4. Statistical analyses

We calculated the frequency distributions of self-reported
radiologist characteristics and created plots to compare the unadjusted
screening and diagnostic interpretations for sensitivity and specificity.
Data from radiologists with and without survey data are overlaid in
these plots to facilitate comparison of joint distributions of performance
measures by survey participation. We also calculated the Spearman
correlation between screening and diagnostic performance for sensitivity
and specificity of radiologists. Confidence intervals were obtained via
bootstrap using 10,000 replicates [12].

We constructed models providing adjusted performance estimates
for each radiologist as described in detail in the Appendix. Briefly,
we modeled sensitivity and specificity among radiologists using
hierarchical logistic regression adjusted for patient-level characteristics
and accommodated the correlation due to multiple mammography
records for each radiologist [13].

The estimated radiologist-specific effects from these models
provided the basis for categorizing radiologists. For each performance
measure, we calculated the tertiles (33rd and 67th percentiles) of the
radiologist-specific effects distributions for screening and diagnostic
mammograms separately from the logistic regression model, and then
we used these values as thresholds for classification. Our primary
interest was identifying the highest performers in sensitivity and
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