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Abstract

Objective—Using a combination of performance measures, we updated previously proposed
criteria for identifying physicians whose performance interpreting screening mammograms may
indicate suboptimal interpretation skills.

Materials and Methods—In this Institutional Review Board-approved, HIPAA-compliant
study, six expert breast imagers used a method based on the Angoff approach to update criteria for
acceptable mammography performance on the basis of combined performance measures: (Group
1) sensitivity and specificity, for facilities with complete capture of false-negative cancers; and
(Group 2) cancer detection rate (CDR), recall rate, and positive predictive value of a recall
(PPV), for facilities that cannot capture false negatives, but have reliable cancer follow-up
information for positive mammograms. Decisions were informed by normative data from the
Breast Cancer Surveillance Consortium (BCSC).
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Results—Updated, combined ranges for acceptable sensitivity and specificity of screening
mammography are: (1) sensitivity =80% and specificity >85% or (2) sensitivity 75-79% and
specificity 88—-97%. Updated ranges for CDR, recall rate, and PPV are: (1) CDR =6/1000, recall
rate 3-20%, and any PPV1; (2) CDR 4-6/1000, recall rate 3-15%, and PPV =3%; or (3) CDR
2.5-4/1000, recall rate 5-12%, and PPV 3-8%. Using the original criteria, 51% of BCSC
radiologists had acceptable sensitivity and specificity; 40% had acceptable CDR, recall rate, and
PPV,. Using the combined criteria, 69% had acceptable sensitivity and specificity and 62% had
acceptable CDR, recall rate, and PPV;.

Conclusion—The combined criteria improve previous criteria by considering the inter-
relationships of multiple performance measures and broaden the acceptable performance ranges
compared to previous criteria based on individual measures.

INTRODUCTION

While the benefits of screening mammaography in reducing breast cancer mortality have
been demonstrated in randomized trials [1-3], realizing the full potential of mammography
in current clinical practice requires accurate interpretations by individual radiologists. We
previously established criteria for acceptable interpretive performance of screening
mammography, evaluating multiple performance measures separately: specifically
sensitivity, specificity, cancer detection rate (CDR), recall rate, and positive predictive value
of recall (PPV1) [4, 5]. We suggested that a radiologist not meeting the criteria for at least
one measure should be advised to examine their data in the context of their specific clinical
practice and consider additional, focused continuing medical education to improve
performance if appropriate [5, 6]. However, considering these performance measures
together is more clinically meaningful, because they are inter-related, resulting in trade-offs
between recalling patients for further work-up and detecting cancer [7]. In addition, taken
alone, high performance for each measure is not valued equally, e.g., higher sensitivity is
valued more than higher specificity. For example, a low recall rate (or false-positive rate)
alone could raise concerns that a radiologist is not recalling enough women, but this would
be acceptable for physicians with a high CDR (or sensitivity). Similarly, a higher recall (or
false-positive rate) might be acceptable for a physician whose CDR (or sensitivity) is higher
than average.

To update the original performance criteria, we reconvened a group of experts in breast
imaging to define combined criteria for two sets of measures: 1) sensitivity and specificity
for facilities with complete cancer capture through linkages with cancer registries; and 2)
CDR, recall rate, and PPV for facilities with reliable cancer follow-up data for positive
mammograms only. Expert panels have been used for decades to establish benchmarks and
guidelines for breast imaging [4-6, 8].

MATERIALS AND METHODS

The Institutional Review Board (IRB) approved all activities of this Health Insurance
Portability and Accountability Act (HIPAA)-compliant study. The six breast imaging
experts provided written informed consent and were selected based on their expertise in
breast imaging. They ranged in age from 46 to 69 years, with a mean age of 61 years. Five
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of the six breast imaging experts were males, and five worked in an academic setting. All
had extensive experience in interpreting breast imaging and in breast imaging education and
training. One expert was fellowship trained with 14 years of experience; the remaining 5
radiologists had 25 to 38 years of experience interpreting mammography. Their annual
volume of mammography interpretation ranged from 2500 to 8000. All six experts were
fellows of the Society of Breast Imaging, fellows of the American College of Radiology,
and had previous experience with the modified Angoff method [5, 6]. Five of the experts
have been presidents of national breast societies, and four of the experts are gold medalists
of the Society of Breast Imaging. A one-day meeting was held in Seattle, Washington in
September 2011, and a validation conference call was held in June 2013.

Criterion Setting Approach

We used a method based on the modified-Angoff criterion setting approach in two phases:
the first phase without normative data and the second phase with normative data [9]. This is
the same method we used to develop individual criteria for performance measures for both
screening [5] and diagnostic mammaography [6]. The Angoff method is the most widely used
criterion-referenced method of standard setting, and it is often used in licensing and
certification examinations in medicine because it is well supported by research evidence
[10-15]. A strength of the Angoff method is that a panel of expert practicing physicians,
who understand the complexities and contexts of clinical practice, work together to set the
criteria.

All six breast imaging experts had been involved in earlier studies using this criterion-setting
approach [5, 6], and the process was reviewed immediately before the study by a facilitator
with expertise in Angoff methods. In the first phase, before being shown actual, normative
performance data, the experts considered the performance of a hypothetical pool of 100
interpreting physicians. They were shown previously agreed-upon definitions for screening
mammography performance based on the American College of Radiology (ACR) Breast
Imaging-Reporting and Data System (BI-RADS) [16] as well as previously developed
individual criteria for acceptable performance [5]. Working independently, the experts
identified their ranges for “minimally acceptable” performance when considering sensitivity
and specificity together. They were informed that an interpreting physician whose
performance was outside these ranges would be considered for additional training.

Following a round of scoring, during the second phase of the Angoff —based method, the
group viewed the criteria for acceptable performance determined individually by each
expert, along with normative data showing the actual performance of BCSC radiologists and
the percentage these BCSC radiologists that would meet the criteria under discussion,
described in the next subsection. A facilitator with expertise in Angoff methods for setting
performance criteria facilitated the review, after which the experts recast their votes for
acceptable performance. The process was repeated until consensus was achieved.

We conducted a validation step on a follow-up conference call with all six experts in June
2013 to ensure final agreement for the combined criteria after re-reviewing the impact the
combined cut-points would have on BCSC radiologists using more recent performance data.
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The experts reviewed the data and unanimously voted not to change either set of the
combined criteria.

Normative data

Experts were shown normative data on performance using a community-based sample of
radiologists in the Breast Cancer Surveillance Consortium (BCSC) [17]. Each BCSC
registry and the Statistical Coordinating Center received IRB approval for either active or
passive consenting processes or a waiver of consent to enroll participants, link data, and
perform analytic studies. All procedures were HIPAA compliant and all registries and the
Statistical Coordinating Center have a Federal Certificate of Confidentiality and other
protection for the identities of participating women, physicians, and facilities.

Normative data were generated in real-time during scoring reviews to illustrate the
percentage of practicing radiologists who would meet the criteria under discussion. The
sample included both film-screen and digital screening mammograms performed from
2000-2009 on women age 18 and older without a personal history of breast cancer. To avoid
misclassifying diagnostic mammograms as screening exams, we excluded mammograms
from women with a breast-imaging exam within the prior 9 months. Mammogram results
were linked to a state cancer registry or regional Surveillance, Epidemiology, and End
Results (SEER) program and pathology databases to determine cancer status.

For each BCSC radiologist in the sample, we examined characteristics of their patients and
calculated observed performance measures from their most recent five years of BCSC data,
based on the agreed upon definitions [16]. The number of years and specific years of data
for each radiologist varied depending on each registry’s years of participation in the BCSC
and years of complete cancer ascertainment. The earliest five years for registry data were
2000-2004 and the latest were 2005-2009. To reduce the number of radiologists with zero
observed “events” (e.g., no recalls, no cancers diagnosed, etc.) and to increase precision of
the estimates, we restricted analysis to radiologists who contributed at least 1000 screening
mammograms. In addition, inclusion in sensitivity and specificity calculations required at
least 10 mammograms associated with a cancer diagnosis. We displayed the distribution of
radiologists” performance measures on the receiver operating characteristic (ROC) space for
sensitivity and specificity (e.g., Figure 1) and with “PPV-referral diagrams” [18], which plot
PPV, against recall rate with CDR “isobars” (e.g., Figure 2).

Performance measures were calculated using standard BCSC definitions, which are based on
ACR BI-RADS definitions [16, 19]. A mammogram was positive if it had a BI-RADS
assessment of 0 (need additional imaging evaluation), 4 (suspicious abnormality), or 5
(highly suggestive of malignancy). A mammogram was negative if it had an assessment of 1
(negative) or 2 (benign finding). A BI-RADS assessment of 3 (probably benign finding)
with a recommendation for immediate follow-up was recoded to 0 and considered positive.
Otherwise, a BI-RADS assessment of 3 was considered negative. A woman was considered
to have breast cancer if she was diagnosed with ductal carcinoma in situ or invasive
carcinoma within one year of the mammogram and before the next screening mammogram.
Analyses were performed with SAS 9.2 software (SAS Institute, Cary, NC).
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RESULTS

Of the 486 BCSC radiologists included in the normative data, 13% contributed between
1000-1499 mammograms, 22% contributed 1500-2499 mammograms, 27% contributed
2500-4999 mammograms, and 38% contributed 5000 or more mammograms. Table 1 shows
variability in the patient population characteristics of these radiologists. On average, 5% of
mammograms were first mammograms, ranging from 0 to 12% across radiologists (median
5%); 65% of mammograms were annual screens (range 21% to 90%, median 67%). On
average, 32% of mammograms were performed on women under 50 years of age (range
12% to 69%, median 31%). The racial and ethnic distributions of the radiologists’ patient
populations varied greatly. The original and updated criteria for sensitivity and specificity
are in Table 2 and Figure 1. The original criteria required a sensitivity of at least 75% and a
specificity of 88-95% for acceptable performance. Of the 350 BCSC radiologists with at
least 10 mammograms associated with a cancer diagnosis, 51% met the original criteria for
both sensitivity and specificity (Figure 1, Zone A).

The criteria were refined to consider sensitivity and specificity in combination using
normative data from 350 BCSC radiologists who interpreted at least 10 mammograms
associated with a cancer diagnosis. The experts first considered the 44 BCSC radiologists
with specificity above 95%, 50% of whom met the sensitivity criterion of at least 75%. The
experts agreed these individuals had acceptable performance, so they increased the upper cut
point for specificity to 97%, which captured an additional 6% of BCSC radiologists (Figure
1, Zone B). The experts also considered radiologists with sensitivity of at least 80% and
agreed that given a high sensitivity, a specificity between 97-100% was acceptable,
although this captured <1% of additional BCSC radiologists (Figure 1, Zone C). Last, the
experts agreed that a slightly lower specificity was acceptable for radiologists with a
sensitivity of at least 80%, so they decreased the lower boundary for specificity to 85% in
this case, capturing an additional 12% of BCSC radiologists (Figure 1, Zone D). Thus, the
combined criteria require a specificity of at least 85% if sensitivity is 80% or higher, or a
specificity of 88-97% if sensitivity is 75-80% (Table 2). In the BCSC sample, 69% of
radiologists met these combined criteria, up from 51% based on the original individual-
measure criteria (Table 2).

The criteria were also refined to consider for CDR, recall rate, and PPV in combination
using normative data from all 486 BCSC radiologists who interpreted at least 1000
mammograms (Table 3). The original criteria required a CDR of at least 2.5/1000, a recall
rate of 5-12%, and a PPV of 3-8%. In the BCSC, 40% of radiologists met these criteria for
all three measures (Figure 2, Zone A). Similar to arguments considered above for sensitivity
and specificity, for radiologists with a high CDR of at least 6/1000, the experts agreed a
broader range of recall rates from 3-20% was acceptable, including an additional 9% of
BCSC radiologists (Figure 2, Zone B). PPV did not need to be considered for this group,
because PPV{ must be at least 3% to achieve CDR and recall rate values within the range
under consideration. For a CDR of least 4/1000 but less than 6/1000, the experts agreed that
a recall rate of 3-15% and PPV of at least 3% is acceptable, including an additional 13% of
BCSC radiologists (Figure 2, Zone C). Overall, 62% of the 486 BCSC radiologists met
these combined criteria up from 40% based on the original criteria (Table 3).
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DISCUSSION

We updated criteria for acceptable screening mammography performance by defining
combined ranges that consider two or three interrelated performance measures. We
developed one set of criteria based on sensitivity and specificity for facilities that have
complete capture of cancer outcomes including false-negative mammograms, and a separate
set of criteria based on CDR, recall rate, and PPV for facilities that only have cancer
outcome data for positive mammograms. We used this approach because neither sensitivity
nor specificity can be accurately calculated at sites without complete cancer capture. For
example, incomplete capture of false-negative cancers can occur when women are
diagnosed at facilities other than the screening mammaography site, which results in an
overestimation of sensitivity. Few facilities outside the BCSC are currently able to link with
cancer registries for complete cancer capture; thus, most are unable to evaluate sensitivity
and specificity.

The ranges for acceptable specificity and recall rates changed when the experts considered
these criteria together with sensitivity and CDR. In addition to identifying physicians with
low specificity (<88%) or high recall rates (>12%), the original criteria identified physicians
with specificities greater than 95% or recall rates lower than 5% as potentially having
unacceptable performance because these physicians might be recalling too few women and
thus missing cancers. The combined criteria allow a broader range of specificity values, i.e.,
> 85% for physicians with sensitivities of at least 80%; for physicians with sensitivity
between 75-80%, a specificity of 88-97% is required. Similarly, for physicians with a high
CDR of at least 6/1000, the experts agreed that recall rates of 3—20% would be acceptable,
and for physicians with a CDR of 4-6/1000, a recall rate of 3-15% would be acceptable.
However, for those with a lower CDR of 2-4/1000, a recall rate of 5-12% would be
required for acceptable combined performance, similar to the original criteria. Because
finding cancers at an early stage is critical for screening mammaography to reduce breast
cancer mortality, the experts put less emphasis on specificity and recall rate for physicians
with a high sensitivity or CDR. However, avoiding excessive rates of false positives is also
regarded as an important goal of screening, so considering these measures together is
important.

Applying these criteria in clinical practice presents some challenges, because the detection
of breast cancer is a relatively rare event in the context of regular screening. In addition, the
precision of observed performance estimates is affected by low interpretive volume. To be
included in our normative data, we required BCSC radiologists to have a minimum of 1000
screening mammography interpretations, and for evaluating sensitivity and specificity, we
additionally required at least 10 cancer cases. This ensured a minimum level of precision in
the observed performance estimates. However, these choices were somewhat ad hoc and
influenced by the overall low annual interpretive volume of the average radiologist. When
applying these combined criteria in practice, especially the sensitivity and CDR criteria,
judgments based on small numbers of mammograms should be made with caution.
Combining audit data across multiple years will increase precision of estimated performance
measures, but these estimates might not reflect current performance. We plan to address this
issue in future research to develop probabilistic methods that account for the degree of
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uncertainty in observed performance metrics. As a practical matter, greater exposure to a
higher volume of cancer cases—either through increased interpretive volume, participation
in review of all positive cases within a practice, or simulations (e.g., test sets)—could
increase both the validity and reliability of measures and improve interpretative
performance.

When applying these combined criteria to clinical practice, the context of the specific
practice setting must also be considered. For example, breast cancer incidence is known to
vary geographically in the United States [20], which would influence the CDR. Patient risk
factors such as age, family history, race, and ethnicity as well as screening interval influence
performance indices [21-24]. For example, CDR and sensitivity are lower in populations
that are more frequently screened [24]. BCSC radiologists represent a wide range of practice
types with highly variable patient populations, so these sources of variability are represented
in the normative data. Subdividing audits or criteria by patient factors would create even
more instability in observed performance estimates, because of low cancer incidence and
interpretative volumes. While a radiologist who falls outside of the acceptable range should
attempt to determine if their patient population characteristics make meeting acceptable
performance criteria more challenging, it is unlikely that a unique patient mix will account
for much of the performance outside of the acceptable range. However, it is also important
to consider that radiologists who recently completed training often have a higher recall rate
for several years before establishing a stable practice pattern [25]. Last, recent data
demonstrate that improved performance appears to be related to a combination of screening
and diagnostic mammography interpretation [26]. Thus, in practices with no diagnostic
interpretation, optimal screening performance may be more difficult to achieve.

A strength of our study is that we developed two sets of criteria, one for facilities able to
identify false negatives through linkage with cancer registries or other sources, and another
for facilities that have reliable cancer follow-up data only on positive mammograms. In
addition, our criteria were developed by five breast imaging experts from academic practices
and one from a community-based practice using an approach based on the Angoff criterion-
referenced method and informed by normative data developed from the BCSC. Our analysis
was based on performance measures calculated from high quality audit data using rigorous
methods, which might not be available at a typical radiology practice. A limitation of our
study is that our methods do not account for variability in the observed measures due to
small sample sizes and rare events.[27] We included both digital and film mammography
exams in our normative data; however, most mammograms in the US are now digital. We do
not think this influenced our criteria, because interpretative performance of digital
mammography is similar to that of film mammography except in some subsets of women
[28-30]. In addition, our combined criteria are for screening mammography only. We did
not consider diagnostic mammography performance, for which previously developed criteria
are based on evaluating each performance measure separately [6]. It is important to separate
screening from diagnostic exams for mammography audits [16], because of differences in
the patient populations and cancer prevalence, definitions used for calculating performance
measures, and values for acceptable performance. However, focusing only on screening
interpretation still is important because interpretation of screening is the overwhelmingly
dominant clinical activity in breast imaging.
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In conclusion, the combined criteria considering the inter-relationships of multiple
performance measures broadens the acceptable performance ranges compared to previous
criteria based on individual measures. These criteria are intended to be guidelines, i.e., a
constructive tool to indicate whether a radiologist is reading at an acceptable performance
level, as judged by expert opinion, or whether the radiologist should further review their
individual data in the context of their specific clinical practice to determine whether further
training may be warranted. Reviews of individual data should consider the demographic
characteristics of the physician’s patient population and be conducted with the
understanding that the observed performance measures for some physicians with acceptable
performance may sometimes fall outside the “acceptable” range. The use of performance
criteria such as those we propose support the common goal of radiologists, patients, and
society to increase the accuracy of screening mammography interpretation.
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Figure 1.
Sensitivity versus false-positive rate for original criteria based on separate evaluation of

these measures and for the updated criteria evaluating these measures in combination. Dots
represent observed values for 350 BCSC radiologists with at least 1000 screening
mammograms and at least 10 screening mammograms associated with cancer: black,
acceptable under original and updated criteria; blue, acceptable under updated criteria but
not original criteria; red, acceptable under neither. Zone A, original criteria for acceptable
performance. Zones B, C, and D, areas of acceptable performance added with updated
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Page 11

criteria. Zone B, upper specificity threshold increased to 97%. Zone C, upper specificity
threshold increased to 100% for radiologists with at least 80% sensitivity. Zone D, lower
specificity threshold decreased to 85% for radiologists with at least 80% sensitivity. Note:
the y-axis (sensitivity) starts at 40% instead of 0%.
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Figure 2.
Cancer detection rate (CDR), recall rate, and positive predictive value of a recall (PPV1) for

original criteria based on separate evaluation of these measures and for the updated criteria
based on evaluating these measures in combination. Dots represent observed values for 486
BCSC radiologists with at least 1000 screening mammograms: black, acceptable under
original and updated criteria; blue acceptable under updated criteria but not original criteria;
red, acceptable under neither. Zone A, acceptable under original criteria. Zones B and C,
areas of acceptable performance added with updated criteria. Zone B, 3-20% recall rate for
radiologists with CDR at least 6/1000. Zone C, 3-15% recall rate and PPV of at least 3%
for radiologists with CDR at least 4/1000 but less than 6/1000.
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Characteristics of patient populations of 486 BCSC radiologists™ contributing normative screening

mammography data

Range of

per centages

Average acrossBCSC

Patient characteristics percentage radiologists
First mammograms 5% 0% - 12%
Annual mammogramsT 65% 21% - 90%
Biennial mammograms§ 18% 5% - 67%
Age <50 years 32% 12% - 68%
White, non-Hispanic 76% 0% — 99%
Black, non-Hispanic 6% 0% - 53%
Hispanic 8% <1% - 78%
Asian 8% 1% - 99%
Family history of breast cancer 15% 4% - 23%

BCSC, Breast Cancer Surveillance Consortium.

*
Restricted to radiologists with <10% missing data for each patient characteristic.
TPrevious mammogram in the last 9-18 months.

§Previous mammogram in the last 19-30 months.

AJR Am J Roentgenol. Author manuscript; available in PMC 2016 April 01.

Table 1

Page 13



Page 14

Miglioretti et al.

Author Manuscript

WINILIOSUOD) 80UE|[1ISAINS J30URD 1sealg ‘DSDd

%L %.6-88  puB 908G, 10

%29 %G8 pue %08 parepdn
%TS %G6-88 %G/ [eu1bLO
(05e=N) Ayoyads Aunnsues eIRIID

©1/911J0 BW Oym
sisifojoipe s OSO9
10 abejued Jod

Ao14198ds pue Ajianisuas ajgeidasae ynm sisibojolpel BulAjnuapl 10J 1121140 paulquiod ‘palepdn pue eLLI [eulblIO

¢ ?olgel

Author Manuscript

Author Manuscript Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2016 April 01.



Page 15

Miglioretti et al.

WINILIOSUOD) 80UE|[1ISAINS J30uRD 1sealg ‘DSDd

%8T %8-€ pue  9%¢T-G pue Q00T/F—GC IO
%1€ %€ pue  %GT-€ pue  Q00T/9—¥< IO
%ET %02-¢  pue 000T/9= parepdn
%07 %8-€ %Z1-S 000T/5¢< [eu1bLo
(98v=N) 11298 1 sl sl elRIID
BRI PW e Joanea ey uo110918p
oymsisibojoipel  anpipald Roue)
0Sod 9A11S0d
Jo abe1usd lod
||edal e Jo

anjeA anndipaid aAIsod pue ‘a)ed ||eIaJ ‘a1el UoI1981ap Jadued ajqeidadde yum sisibojoipes BulApnuapi 1oy eLIg1Io paulquod ‘parepdn pue elia1d [eulbuo

Author Manuscript

€9l|qel

Author Manuscript

Author Manuscript

Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2016 April 01.



