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Purpose:

Materials and
Methods:

Results:

Conclusion:

To establish contemporary performance benchmarks for
diagnostic digital mammography with use of recent data
from the Breast Cancer Surveillance Consortium (BCSC).

Institutional review board approval was obtained for ac-
tive or passive consenting processes or to obtain a waiver
of consent to enroll participants, link data, and perform
analyses. Data were obtained from six BCSC registries
(418 radiologists, 92 radiology facilities). Mammogram in-
dication and assessments were prospectively collected for
women undergoing diagnostic digital mammography and
linked with cancer diagnoses from state cancer registries.
The study included 401 548 examinations conducted from
2007 to 2013 in 265360 women.

Overall diagnostic performance measures were as follows:
cancer detection rate, 34.7 per 1000 (95% confidence
interval [CI]: 34.1, 35.2); abnormal interpretation rate,
12.6% (95% CI: 12.5%, 12.7%); positive predictive value
(PPV) of a biopsy recommendation (PPV,), 27.5% (95%
CL: 27.1%, 27.9%); PPV of biopsies performed (PPV,),
30.4% (95% CI: 29.9%, 30.9%); false-negative rate, 4.8
per 1000 (95% CI: 4.6, 5.0); sensitivity, 87.8% (95% CI:
87.3%, 88.4%); and specificity, 90.5% (95% CI: 90.4%,
90.6%). Among cancers detected, 63.4% were stage O or
1 cancers, 45.6% were minimal cancers, the mean size
of invasive cancers was 21.2 mm, and 69.6% of invasive
cancers were node negative. Performance metrics varied
widely across diagnostic indications, with cancer detec-
tion rate (64.5 per 1000) and abnormal interpretation rate
(18.7%) highest for diagnostic mammograms obtained to
evaluate a breast problem with a lump. Compared with
performance during the screen-film mammography era,
diagnostic digital performance showed increased abnor-
mal interpretation and cancer detection rates and de-
creasing PPVs, with less than 70% of radiologists within
acceptable ranges for PPV, and PPV,.

These performance measures can serve as national bench-
marks that may help transform the marked variation in
radiologists’ diagnostic performance into targeted quality
improvement efforts.

©RSNA, 2017

Online supplemental material is available for this article.
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iagnostic mammography is used

for women who present with

clinical signs and symptoms,
those with a recent abnormal screen-
ing mammogram, or those undergoing
short-interval follow-up for a finding
previously assessed as probably benign
(1). The Mammography Quality Stan-
dards Act requires that mammography
facilities establish a system for regular
auditing of medical outcomes associated
with mammograms assessed as suspi-
cious for malignancy or highly sugges-
tive of malignancy (2). The American
College of Radiology recommends more

Advances in Knowledge

B In a study of 401 548 examina-
tions conducted during 2007-
2013 in 265 360 women, the
mean performance measures for
all diagnostic mammograms com-
bined were as follows: cancer
detection rate, 34.7 per 1000;
abnormal interpretation rate,
12.6%; positive predictive value
(PPV) of a biopsy recommenda-
tion (PPV,), 27.5%; PPV of bi-
opsies performed (PPV,), 30.4%;
false-negative rate, 4.8 per 1000;
sensitivity, 87.8%; specificity,
90.5%; percentage of cancers
stage 0 or 1, 63.4%; percentage
of minimal cancers, 45.6%; mean
size of invasive cancers, 21.2
mm; and percentage of node-
negative invasive cancers, 69.6%.

B There are substantial differences
in performance measures across
specific indications for diagnostic
mammography, with the cancer
detection rate (64.5 per 1000)
and abnormal interpretation rate
(18.7%) highest for diagnostic
mammograms obtained to eval-
uate a breast problem involving a
lump.

B Comparison to previous studies
reveals that there have been sub-
stantial changes in the perfor-
mance of diagnostic mammog-
raphy during the past 10 years,
including an increase in abnormal
interpretations and cancer detec-
tion rates and decreasing PPV.

comprehensive auditing of outcomes
associated with all mammograms,
with statistics prepared separately for
screening and diagnostic mammography
(1). To facilitate evaluation of facility
and individual radiologist performance
for diagnostic mammography, the Sth
edition of the American College of Ra-
diology’s Breast Imaging Reporting and
Data System (BI-RADS) (1) includes two
sets of comparator statistics: national
diagnostic mammography benchmark
statistics from the Breast Cancer Sur-
veillance Consortium (BCSC) from 1996
to 20035 (3,4) and acceptable ranges of
performance recommended by a panel
of breast imaging experts (5).

During the past 10 years, substantial
changes have occurred in the clinical
practice of mammography in the United
States—most notably the transition from
screen-film to digital mammography.
Updated national statistics are needed
to evaluate the current performance of
diagnostic digital mammography and to
provide contemporary benchmarks for
facility auditing. The purpose of this
study was to establish contemporary
performance benchmarks for diagnos-
tic digital mammography with use of
recent data from the BCSC.

Materials and Methods

Data Sources

The BCSC is a collaborative network
of mammography registries with links
to cancer registries and pathology da-
tabases (6). Data for this study were

Implications for Patient Care

B [ndividual radiologists and breast
imaging facilities can use these
results as benchmarks to assess
how their diagnostic digital mam-
mography performance compares
to that from a national sample of
women and radiologists.

B The substantial degree of varia-
tion in performance metrics
across radiologists suggests that
ongoing quality improvement ef-
forts are needed in diagnostic
mammography.

provided by the following BCSC mam-
mography registries (http://www.BCSC-
research.org/): Carolina Mammography
Registry, Group Health Cooperative in
western Washington State, Metropolitan
Chicago Breast Cancer Registry, New
Hampshire Mammography Network,
San Francisco Mammography Registry,
and the Vermont Breast Cancer Surveil-
lance System. Each registry prospec-
tively collects patient characteristics,
radiology information, and cancer diag-
noses for women undergoing breast im-
aging at participating radiology facilities.
The catchment population of the par-
ticipating BCSC facilities is comparable
to that of the United States in terms of
race and/or ethnicity, education, eco-
nomic status, and rural-urban mix (3).
A total of 92 mammography facilities
contributed data to this study, including
data from 418 individual radiologists.
Institutional review board approval was
obtained for active or passive consent-
ing processes or a waiver of consent
to enroll participants, link data, and
perform analyses. All procedures were
compliant with the Health Insurance
Portability and Accountability Act, and
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a federal Certificate of Confidentiality
was obtained to protect the identities of
women, physicians, and facilities. Previ-
ous reports of BCSC registries and the
Statistical Coordinating Center are avail-
able at http://www.bcsc-research.org/
publications/index.html.

Participants

The study population included women
aged 18 years and older who under-
went diagnostic digital mammography
in 2007-2013. All examinations had at
least 1 year of complete cancer registry
follow-up data available. Examinations
were excluded if the BI-RADS assess-
ment was missing (n = 1238), if the fi-
nal BI-RADS assessment was category 0
(incomplete, needs additional imaging;
n = 2183), or if the woman reported a
history of breast augmentation or mas-
tectomy (n = 7363). Notably, diagnostic
examinations with an initial category O
assessment but a nonzero final assess-
ment were included (n = 7322; see be-
low for further details).

Data Collection

Women provided demographic and
breast health history information on a
self-administered questionnaire com-
pleted at each mammography exami-
nation. This included age, race and/or
ethnicity, first-degree family history of
breast cancer, history of breast cancer,
time since last mammogram, history of
breast biopsies, and presence of symp-
toms (lump, nipple discharge, breast
pain, and other). Complete risk factor
data were missing for some women ow-
ing to nonresponse.

Indications for mammography were
recorded prospectively by the interpret-
ing radiologist along with the BI-RADS
assessment category and breast density
categorization (1,7). Diagnostic mammo-
grams were further subclassified (except
from the one registry at which subclas-
sification was not available) by the radi-
ologist as being obtained for additional
evaluation of a recent mammographic
finding, short-interval follow-up, or evalu-
ation of a breast problem (symptomatic;
with or without palpable lump reported).

In clinical practice, multiple diag-
nostic mammograms are sometimes

needed to arrive at a final assessment.
We followed a similar approach to that
of Sickles et al (3) for selecting and
characterizing diagnostic mammograms.
When at least one diagnostic mam-
mogram followed an initial diagnostic
mammogram assessed as category 0, all
mammograms up to and including the
first mammogram with a nonzero as-
sessment (within 180 days) were treated
as a single observation. The date of and
indication for mammography were taken
from the initial mammogram (the first
one with a category 0 assessment). As-
sessment and management recommen-
dations were taken from the first mam-
mogram with a nonzero assessment,
and the observed clinical outcome was
attributed to the radiologist who made
that first nonzero assessment.

Breast cancer diagnoses and tumor
characteristics were obtained by linkage
to pathology databases, regional Surveil-
lance, Epidemiology, and End Results
programs, and state cancer registries.

Measures and Definitions

Each woman’s S-year risk for invasive
cancer was calculated on the basis of age,
race and/or ethnicity, first degree family
history of breast cancer, history of breast
biopsy, benign breast disease type, and
breast density by using the BCSC risk cal-
culator, version 2 (https://tools.bcsc-scc.
org/BC5yearRisk/calculator.htm) (8).

Positive diagnostic mammograms
were defined as those with a final as-
sessment category of 4 (suspicious for
malignancy) or 5 (highly suggestive
of malignancy). Negative diagnostic
mammograms were those with a final
assessment category of 1 (negative),
2 (benign finding), or 3 (probably be-
nign). In cases where separate assess-
ments were provided for each breast,
an overall assessment was assigned on
the basis of the more abnormal assess-
ment according to the following hier-
archy of categories: 5, 4, 3, 2, and 1.
Cancer was defined as a diagnosis of
invasive breast cancer or ductal carci-
noma in situ during the 1 year after the
diagnostic mammogram.

We followed the BI-RADS manual
(Sth edition) for defining all perfor-
mance metrics, including the cancer

detection rate, abnormal interpretation
rate, positive predictive value (PPV) of
a biopsy recommendation (PPV,), PPV
of biopsies performed (PPV,), false-
negative rate, sensitivity, and specific-
ity (1). Cancer characteristics, which
were also defined according the BI-
RADS 5th edition manual (1), included
the percentage of true-positive invasive
cancers that were node negative, per-
centage of true-positive cancers that
were “minimal” (node-negative invasive
cancers =1 cm or ductal carcinoma
in situ of any size), and percentage of
true-positive cancers that were stage 0
or stage 1. In addition, we computed
the mean size of true-positive invasive
cancers.

Statistical Analysis

Descriptive statistics for all perfor-
mance metrics and cancer character-
istics were generated for the entire
sample of diagnostic mammograms and
according to subclassification of diag-
nostic indication. The 95% confidence
intervals were calculated by using Wald
confidence limits for binomial propor-
tions. We conducted sensitivity analyses
to examine the robustness of these sta-
tistics in relation to the exclusion of the
2183 examinations with no nonzero as-
sessments within 180 days. We recal-
culated the descriptive statistics under
two alternative conditions where the
unresolved category O examinations
were included as either positive or neg-
ative examinations.

To characterize the degree of vari-
ability across radiologists, we computed
the 10th, 25th, 50th, 75th, and 90th
percentile values for each measure. To
avoid the inclusion of radiologists with
zero observed events for each outcome
of interest owing to extremely low vol-
ume, we restricted the analyses of radi-
ologist variability to radiologists meet-
ing a subjectively determined minimum
number of examinations or cancers for
each measure on the basis of previous
publications (3,5). These limits were
as follows: cancer detection rate, ab-
normal interpretation rate, and false-
negative rate, 100 examinations (168
radiologists and 4517 examinations ex-
cluded); PPV,, 10 positive examinations
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(97 radiologists and 343 examinations
excluded); PPV,, 10 biopsies performed
(84 radiologists and 284 examinations
excluded); sensitivity, 10 cancers (205
radiologists and 11170 examinations
excluded); specificity, 100 noncancers
(170 radiologists and 4827 examina-
tions excluded); mean invasive cancer
size and percentage node negative,
10 true-positive invasive cancers (130
radiologists and 461 examinations ex-
cluded); percentage minimal cancers
and percentage stage 0 or 1 cancers, 10
true-positive cancers (122 radiologists
and 436 examinations excluded).

We also computed the percentage of
radiologists meeting acceptable ranges
of diagnostic mammography perfor-
mance established by breast imaging
experts, as available for examinations
conducted for additional evaluation of
abnormal screening and for examina-
tions conducted for the evaluation of a
palpable lump (1,5). Histograms were
constructed to illustrate the distribution
of performance metrics across radiolo-
gists. A smoothed curve was fit to each
histogram by using kernel density esti-
mation (9), a nonparametric estimate
that provides an alternative visualization
of the distribution of radiologists that is
independent of the number of bins used
in creating the histogram. Finally, over-
all descriptive statistics for performance
metrics and cancer characteristics were
summarized in tabular form and con-
trasted with previously published BCSC
data from the screen-film mammog-
raphy era (3), with x? testing used to
determine statistical significance of dif-
ferences. Two-sided P < .05 was con-
sidered indicative of a statistically signif-
icant difference. All statistical analyses
were performed by using software (SAS,
version 9.3; SAS Institute, Cary, NC).

The final sample size was 401548 di-
agnostic digital mammography exam-
inations obtained in 265360 women
(Table 1). More than 30% of the study
population reported a race other than
non-Hispanic white. Compared with
the entire sample of women who under-
went diagnostic mammography, women

who underwent diagnostic mammog-
raphy for additional evaluation after a
recent mammogram were less likely to
have a personal history of breast cancer
at the time of mammography. Women
who underwent short-interval follow-up
examinations were more likely to have
a history of breast biopsy. Women who
underwent evaluation of a breast prob-
lem tended to be younger and were
less likely to have previously undergone
mammography.

The overall abnormal interpretation
rate was 12.6% and the cancer detec-
tion rate was 34.7 per 1000, with a
PPV, of 27.5% (Table 2). The abnormal
interpretation rate ranged from 5.2%
for short-interval follow-up examina-
tions to 18.7% for the evaluation of a
breast problem with a lump reported.
The cancer detection rate ranged from
10.2 per 1000 for short-interval fol-
low-up examinations to 64.5 per 1000
for the evaluation of a breast problem
with a lump reported. The PPV, was
lowest for short-interval follow-up and
highest for the evaluation of a breast
problem with a lump reported.

A total of 1926 false-negative ex-
aminations were recorded, for an over-
all false-negative rate of 4.8 per 1000
and a sensitivity of 87.8%. Sensitivity
was lowest (60.8%) among short-in-
terval follow-up examinations. Overall
specificity was 90.5% and was highest
among short-interval follow-up exami-
nations (95.8%).

Sensitivity analyses demonstrated
that all of the above results were mini-
mally affected (<5% relative change in
each measure) if unresolved category 0
examinations were included and alter-
natively treated either as positive exam-
inations or negative examinations.

Among the 13915 cancers detected
with diagnostic mammography, 3329
(23.9%) were ductal carcinoma in situ
and 10386 (76.1%) were invasive.
Mean invasive cancer tumor size was
21.2 mm; 69.6% of cancers had a nega-
tive lymph node status (Table 3). Across
specific diagnostic indications, cancers
detected with diagnostic mammography
performed to evaluate a breast prob-
lem with a lump reported tended to
have poorer prognostic characteristics,

including a greater percentage of inva-
sive cancers (93.4%), lower percent-
age of minimal cancers (16.7%), larger
mean tumor size (28.6 mm), and higher
percentage of node-positive disease
(41.4%).

Performance metrics varied widely
across radiologists for all diagnostic
mammography indications combined
(Table 4, Figure). For example, 25% of
radiologists had a cancer detection rate
of less than 26.2 per 1000, whereas the
upper 25% of radiologists had a cancer
detection rate exceeding 44.7 per 1000.
The abnormal interpretation rate varied
from less than 5.9% for the lowest 10%
of radiologists to greater than 18.2% for
the highest 10% of radiologists, with the
middle 50% having an abnormal inter-
pretation rate between 8.2% and 14.8%.

Performance metrics within spe-
cific subclassifications of diagnostic
mammography indications are included
in Tables E1-E4 (online). For exami-
nations conducted for the additional
evaluation of a recent mammographic
finding, more than 75% of radiologists
were within the acceptable range of
performance recommended by breast
imaging experts (5) for cancer detec-
tion rate, abnormal interpretation rate,
sensitivity, and specificity (Table El
[online]). Less than 70% of radiologists
were within the acceptable range for
PPV, (69.2%) and PPV, (66.7%). For
examinations conducted to evaluate a
breast problem with a lump reported,
more than 75% of radiologists were
within acceptable ranges for cancer
detection rate, abnormal interpretation
rate, and sensitivity (Table E3 [online]).
Less than 70% of radiologists were
within the acceptable range for PPV,
(62.5%), PPV, (53.1%), and specificity
(69.9%).

Comparison of our current results
to the 2005 BCSC benchmarks publi-
cation (3) reveals clinically meaningful
changes in diagnostic mammography
performance metrics during the past
10 years (Table 3). For all diagnostic
indications combined, the abnormal in-
terpretation rate increased from 8.0%
to 12.6%, the cancer detection rate
increased from 25.3 to 34.7 per 1000,
and the PPV, decreased from 31.5% to
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Table 1

Clinical Characteristics for 401548 Diagnostic Digital Mammography Examinations among 265 360 Women according to Indication for

Mammography
Additional Evaluation of Evaluation of a Breast Problem All Diagnostic
a Recent Mammogram Short-Interval Follow-up Examinations
Characteristic (n=128976) (n=51440) Palpable Lump (7=35308)  Other (n=74426)*  (n=401548)
Age (y)
<30 290 (0.2) 97 (0.2) 899 (2.5) 922 (1.2) 2658 (0.7)
30-39 4976 (3.9) 2315 (4.5) 8609 (24.4) 9320 (12.5) 34110 (8.5)
40-49 40591 (31.5) 14503 (28.2) 11468 (32.5) 19215 (25.8) 120383 (30.0)
50-59 36468 (28.3) 14¢822 (28.8) 7163 (20.3) 18854 (25.3) 108618 (27.0)
60-69 27448 (21.3) 11462 (22.3) 4089 (11.6) 14504 (19.5) 78120 (19.5)
70-79 13947 (10.8) 5997 (11.7) 1921 (5.4) 7808 (10.5) 40993 (10.2)
=80 5256 (4.1) 2244 (4.4) 1159 (3.3) 3803 (5.1) 16666 (4.2)
Race
White, non-Hispanic 87411 (76.0) 37989 (78.7) 22583 (72.7) 48009 (68.9) 256194 (68.9)
Black, non-Hispanic 9980 (8.7) 3231 (6.7) 1998 (6.4) 6724 (9.6) 43733 (11.8)
Asian/Pacific Islander 10,967 (9.5) 4,316 (8.9) 3,601 (11.6) 9,992 (14.3) 38,575 (10.4)
American Indian 271 (0.2) 117 (0.2 137 (0.4) 258 (0.4) 950 (0.3)
Latina 4182 (3.6) 1579 (3.3) 1804 (5.8) 3147 (4.5) 24476 (6.6)
Mixed, other 2155 (1.9) 1046 (2.2) 943 (3.0) 1592 (2.3) 7839 (2.1)
Unknown 14010 3162 4242 4704 29781
First degree family history of breast cancer
No 105415 (82.8) 41461 (81.5) 28887 (84.0) 58200 (80.1) 260550 (82.5)
Yes 21824 (17.2) 9418 (18.5) 5508 (16.0) 14478 (19.9) 55182 (17.5)
Unknown 1737 561 913 1748 85816
Personal history of breast cancer
No 86233 (85.4) 30332 (73.7) 29159 (93.3) 44787 (71.2) 215985 (77.3)
Yes 14797 (14.6) 10820 (26.3) 2078 (6.7) 18142 (28.8) 63450 (22.7)
Unknown 27946 10288 4071 11497 122113
History of breast biopsy
No 89237 (69.9) 24128 (47.5) 25288 (72.3) 37777 (51.5) 263082 (66.1)
Yes 38440 (30.1) 26663 (52.5) 9696 (27.7) 35603 (48.5) 134959 (33.9)
Unknown 1,299 649 324 1,046 3,507
Time since last mammogram
No previous mammogram 161 (0.1) 24 (0.0) 7137 (22.0) 3643 (5.5) 14433 (3.8)
Within 1 year 111351 (87.9) 46367 (91.2) 8142 (25.1) 19410 (29.3) 262869 (68.5)
1-2 years 13694 (10.8) 4062 (8.0) 12707 (39.1) 37741 (56.9) 92124 (24.0)
=3 years 1419 (1.1) 396 (0.8) 4475 (13.8) 5540 (8.4) 14369 (3.7)
Unknown 2351 591 2847 8092 17753
Breast density
Almost entirely fat 7050 (6.2) 4232 (9.0) 2816 (9.4) 5514 (9.3) 27230 (7.7)
Scattered fibroglandular 49109 (43.3) 19462 (41.5) 9168 (30.5) 21604 (36.6) 134084 (37.9)
Heterogeneous dense 49840 (44.0) 19691 (42.0) 12814 (42.6) 24419 (41.3) 153819 (43.5)
Extremely dense 7344 (6.5) 3524 (7.5) 5265 (17.5) 7548 (12.8) 38494 (10.9)
Unknown 15633 4531 5245 15341 47921
BCSC 5-year risk (%)
<1.00 36859 (38.1) 11040 (32.1) 11789 (49.7) 15228 (38.3) 108135 (39.6)
1.00-1.66 33794 (34.9) 11278 (32.8) 6836 (28.8) 12042 (30.3) 93780 (34.3)
1.67-2.49 17717 (18.3) 7088 (20.6) 3461 (14.6) 7319 (18.4) 48497 (17.8)
2.50-3.99 7296 (7.5) 4035 (11.7) 1428 (6.0) 4255 (10.7) 19158 (7.0)
>4.00 1066 (1.1) 901 (2.6) 216 (0.9) 931 (2.3) 3506 (1.3)
Unknown 32244 17098 11578 34651 128472

Note.—Numbers in parentheses are percentages. Percentages are based on the total number of examinations that do not have an unknown value for that variable.

* “Other” includes evaluation of a breast problem with no lump (n = 67 761) or evaluation of a breast problem with unknown lump status (n = 6665).
T Includes 94 228 examinations from one registry for which subclassification of diagnostic indication (eg, additional evaluation, short-interval follow-up) was not available.
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Table 2

Performance Measures for 401548 Diagnostic Digital Mammography Examinations among 265 360 Women according to Indication

for Mammography

Performance Measure

Additional Evaluation of
a Recent Mammogram

Short-Interval
Follow-up

Evaluation of a Breast Problem

Palpable Lump

Other*

All Diagnostic
Examinations’

Cancer detection rate (per 1000)
No. of cancers
Total no. of examinations
Abnormal interpretation rate (%)
No. of positive examinations
Total no. of examinations
PPV, (%)
No. of cancers
No. of biopsy recommendations
PPV, (%)*
No. of cancers
No. of biopsies performed
False-negative rate (per 1000)
No. of false-negative examinations
Total no. of examinations
Sensitivity (%)
No. of true-positive examinations
No. of cancers
Specificity (%)
No. of true-negative examinations
No. of noncancers

45.8 (4.7, 47.0)
5,909
128976
17.0(16.8,17.2)
21941
128976
26.9 (26.3, 27.5)
5909
21941
29.2 (28.6,29.8)
5726
19621
41(37,4.4)
526
128976
91.8 (91.2, 92.5)
5909
6435
86.9 (86.7, 87.1)
106509
122541

10.2(9.3, 11.1)
525
51440
5.2 (5.0,5.4)
2672
51440
19.6 (18.1,21.2)
525
2672
23.4(21.6,25.2)
505
2158
6.6(5.9,7.3)
338
51440
60.8 (57.6, 64.1)
525
863
95.8 (95.6, 95.9)
48430
50577

64.5 (62.0, 67.1)
2279

35308
18.7(18.3,19.1)
6615

35308
34.5(33.3, 35.6)
2279
6615
37.7(36.4, 38.9)
2143
5687
5.4 (4.6,6.2)
191

35308
92.3(91.2,93.3)
2279
2470
86.8 (86.4, 87.2)

28502

32838

24.9 (23.8,26.0)
1853
74426
9.3(9.1,9.5)
6941
74426
26.7 (25.7,27.7)
1853
6941
31.0 (29.8,32.2)
1760
5681
49(4.4,5.4)
364
74426
83.6 (82.0, 85.1)
1853
2217
93.0 (92.8, 93.1)
67121
72209

34.7 (34.1,35.2)
13915
401548
12.6 (12.5,12.7)
50659
401548
27.5(27.1,27.9)
13915
50659
30.4(29.9,30.9)
10725
35275
4.8(4.6,5.0)
1926
401548
87.8 (87.3, 88.4)
13915
15841
90.5 (90.4, 90.6)
348963
385707

Note—Numbers in parentheses are 95% confidence intervals.

* “Other” includes evaluation of a breast problem with no lump (n = 67 761) or evaluation of a breast problem with unknown lump status (n = 6665).
T Includes 94 228 examinations from one registry for which subclassification of diagnostic indication (eg, additional evaluation, short-interval follow-up) was not available.
* Does not include data from one registry, for which the denominator of biopsies performed was unavailable.

27.5%. These patterns were generally
consistent within each subclassification
of diagnostic indication.

Our results provide an assessment of
the performance of diagnostic digital
mammography in the United States,
including overall statistics as well as
variation across radiologists. These
data can be used to evaluate the con-
temporary quality of diagnostic digital
mammography compared with histor-
ical statistics and performance targets
set by professional societies. Individual
radiologists and breast imaging clinics
can use our results to determine how
their performance compares to that of
a national sample of radiologists.

We restricted our study to digital
mammography to provide performance

measures that are relevant for current
clinical practice; 98% of mammog-
raphy examinations performed since
2012 in the BCSC are digital and, ac-
cording to the U.S. Food and Drug Ad-
ministration, 98% of currently certified
mammography facilities (as of October
2016) in the United States use digital
mammography (10). National per-
formance benchmarks for diagnostic
mammography were previously pub-
lished by the BCSC in 20035, based on
examinations conducted between 1996
and 2001 (3). During that period, more
than 99% of diagnostic mammograms
in the BCSC were screen-film mam-
mograms. Examinations in the current
study were performed from 2007 to
2013, a time in which 84% of all diag-
nostic mammography examinations in
the BCSC were digital. Although most
facilities in the study performed digital

mammography exclusively during the
study period, some facilities offered
both screen-film and digital mammog-
raphy concurrently for at least some
period of time. We have previously
shown that during the transition from
screen-film to digital mammography
in BCSC facilities, women undergoing
screen-film mammography were similar
to those undergoing digital mammogra-
phy in terms of age, race and/or eth-
nicity, family history of breast cancer,
and breast density (11). Thus, the low
utilization of screen-film mammography
during the study period and the lack
of evidence for triaging women to one
modality over another indicate that se-
lection bias is very unlikely to have a
substantial influence on our results.

As in previous studies (3,12,13), we
observed that performance measures
for diagnostic mammography vary

64

radiology.rsna.org = Radiology: \olume 283: Number 1—April 2017



Radiology

BREAST IMAGING: National Performance Benchmarks for Modern Diagnostic Digital Mammography Sprague et al

Table 3

Characteristics of Cancers Detected with 401548 Diagnostic Digital Mammography Examinations in 265 360 Women according to
Indication for Mammography

Evaluation of a Breast Problem

Additional Evaluation of All Diagnostic
Characteristic a Recent Mammogram Short-Interval Follow-up Palpable Lump Other* Examinations®
All mammographically detected cancers 5909 525 2279 1853 13915
Cancer stage
0 1854 (32.4) 198 (39.4) 139 (6.5) 341 (19.8) 3284 (24.7)
I 2567 (44.8) 213 (42.4) 641 (29.9) 543 (31.6) 5151 (38.7)
1l 1049 (18.3) 72 (14.3) 949 (44.2) 568 (33.0) 3543 (26.6)
l 218 (3.8) 17 (3.4) 331 (15.4) 197 (11.5) 1031 (7.8)
vV 42 (0.7) 2(0.4) 86 (4.0) 70 (4.1) 290 (2.2
Unknown 179 23 133 134 616
Minimal cancer*
Yes 3385 (58.8) 329 (65.0) 361 (16.7) 622 (35.9) 6097 (45.6)
No 2371 (41.2) 177 (35.0) 1807 (83.3) 1112 (64.1) 7260 (54.4)
Unknown 153 19 111 119 558
Invasive cancer size$
1-5mm 491 (12.6) 50 (16.2) 54 (2.7) 94 (6.7) 955 (9.5)
6-10 mm 1040 (26.7) 81(26.3) 168 (8.3) 187 (13.4) 1858 (18.4)
11-15 mm 942 (24.1) 78 (25.3) 324 (16.0) 219 (15.7) 2049 (20.3)
16-20 mm 531 (13.6) 38 (12.3) 336 (16.6) 196 (14.1) 1444 (14.3)
>20 mm 898 (23.0) 61(19.8) 1147 (56.5) 697 (50.0) 3767 (37.4)
Unknown 138 14 99 106 513
Mean (mm) 16.1 15.6 28.6 25.8 21.2
Axillary lymph node status$
Negative 3125 (79.5) 248 (81.0) 1198 (58.6) 872 (62.0) 7074 (69.6)
Positive 808 (20.5) 58 (19.0) 847 (41.4) 534 (38.0) 3083 (30.4)
Unknown 107 16 83 93 429

Note.—Except where indicated, data are numbers of patients, with percentages in parentheses. Percentages are based on the total number of examinations that do not have an unknown value for
that variable.

* “Other” includes evaluation of a breast problem with no lump (n = 67 761) or evaluation of a breast problem with unknown lump status (6665).

1 Includes 94 228 examinations from one registry for which subclassification of diagnostic indication (eg, additional evaluation, short interval follow-up) was not available.
* Ductal carcinoma in situ or invasive cancer measuring 10 mm or less.

§ Among invasive cancers only.

substantially according to the subclas-
sification of diagnostic indication. Fa-
cilities and radiologists conducting di-
agnostic outcomes auditing should be
cognizant of these differences when
evaluating their performance metrics
if combining all diagnostic indications.
Most notable are the differences in
abnormal interpretation, cancer de-
tection, PPV, and cancer characteristic
statistics for short-interval follow-up
examinations compared with exami-
nations conducted for the evaluation
of a breast problem in which a lump
is reported. Women undergoing mam-
mography for diagnostic work-up of a
palpable lump are much more likely to

have a positive examination, a cancer
diagnosis, and adverse cancer charac-
teristics. Examinations performed for
short-interval follow-up had a much
lower cancer detection rate and PPV
compared with those performed for the
other diagnostic indications, consistent
with the intended use of the BI-RADS
category 3 assessment and short-inter-
val follow-up for cases with less than
2% chance of malignancy.

The high false-negative rate and
low sensitivity of short-interval fol-
low-up examinations is striking; how-
ever, they must be interpreted with
caution. Women with negative findings
at short-interval follow-up examination

typically undergo their next breast im-
aging examination in 6 months, rather
than the 12-month interval more typ-
ical of women undergoing diagnostic
mammography for other indications
(eg, women with a negative diagnostic
examination conducted for additional
evaluation after a screening examina-
tion). This more frequent mammo-
graphic examination provides additional
opportunity for the diagnosis of cancers
that would be counted as false-negative
findings for the index short-interval fol-
low-up examination. A previous BCSC
study (13) demonstrated a similar sen-
sitivity (60.5%) for short-interval fol-
low-up examinations conducted during
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Table 4

Performance Benchmarks on the Basis of 401548 Diagnostic Digital Mammography Examinations

No. of Readers Meeting Minimum T
Performance Measure* Volume Requirementt 10th 25th 50th (Median) 75th 90th
Cancer detection rate (per 1000) 249 18.0 26.2 34.4 44.7 57.5
Abnormal interpretation rate (%) 249 59 8.2 11.6 14.8 18.2
PPV, (%) 251 171 22.8 31.6 40.3 48.5
PPV, (%) 202 20.2 26.1 36.6 46.2 56.1
False-negative rate (per 1000) 249 0.0 2.7 47 7.0 10.0
Sensitivity (%) 211 76.5 82.6 88.2 92.3 95.2
Specificity (%) 246 85.6 88.5 91.6 94.8 96.6
Percentage of stage 0 or 1 cancers 194 45.8 55.3 62.1 69.2 76.2
Percentage of minimal cancers 194 24.7 32.7 40.0 475 54.2
Percentage of invasive cancers that are node negative 181 56.7 62.2 69.6 76.2 81.8
Mean invasive cancer size (mm) 182 12,5 15.0 16.5 19.5 23.0

* Includes any diagnostic indication. Benchmarks for specific subclassifications of diagnostic indications (eg, additional evaluation, short-interval follow-up) are provided in Tables E1-E4 (online).
T See Materials and Methods for specific minimum volume criteria for each performance measure.

1994-2004. The sensitivity improved to
83.3% when the definition of sensitivity
was modified to include only cancers di-
agnosed within 6 months.

In comparison to the 2005 BCSC
diagnostic mammography benchmarks
(3), we observed an increase in the ab-
normal interpretation rate and cancer
detection rate and a decrease in PPV,,.
Reasons for these changes are likely to
be multifactorial but likely reflect im-
provements in mammography imaging
technology, which permit the visualiza-
tion of smaller lesions and greater de-
tection of calcifications and result in in-
creased cancer detection and abnormal
interpretation rates. On balance, these
changes unfortunately have resulted in
lower PPV,, which suggests that the
improvements in imaging may do more
to permit the visualization of additional
findings than to help differentiate be-
nign from malignant findings.

There have been only small chang-
es over time in the characteristics of
diagnosed with diagnostic
digital mammography compared with
screen-film mammography, with slight
increases in the percentage of stage 0
or 1 cancers (63.4% vs 62.5%, respec-
tively) and minimal cancers (45.6% vs
42.0%) and a slight decrease in the
percentage of node-negative invasive
cancers (69.6% vs 73.6%).

cancers

In our study, we used the outcome
definitions provided in BI-RADS (1);
thus, our results can serve as national
benchmarks to be used by breast im-
aging radiologists and facilities when
assessing their own statistics. Our re-
sults do not represent desirable goals
or target levels of performance; rather,
they describe the range of performance
in clinical practice among a very large
sample of providers in the United
States. Thus, these data can be used
by radiologists and facilities to put their
performance statistics into context dur-
ing the process of continuing quality
improvement. These data can be used
to complement the performance targets
provided by experts as indicators of ac-
ceptable performance (5). Breast im-
aging facilities and radiologists should
carefully consider the influence of their
imaging population’s age and indica-
tion for examination on performance
measures, as well as the uncertainty in
estimates of performance statistics that
rely on small sample sizes.

The BI-RADS manual includes re-
cently published acceptable ranges of
diagnostic mammography performance
statistics established by breast imaging
experts for examinations conducted
for additional evaluation of abnormal
screening findings and for examinations
conducted for evaluation of a palpable

lump (1,5). We observed that for both
of these diagnostic indications, more
than 75% of radiologists met accept-
able ranges with regard to the cancer
detection rate, abnormal interpretation
rate, and sensitivity. Fewer radiologists
met the acceptable ranges for PPV,
and PPV,, with only 53.1% of radiol-
ogists operating within the acceptable
range for PPV, at evaluation of a pal-
pable lump. In addition, less than 70%
of radiologists had acceptable spec-
ificity for the evaluation of a palpable
lump. Overall, our results suggest that
radiologists in the United States excel
at detecting cancers but are often not
meeting expert-based goals for reduc-
ing false-positive biopsy recommenda-
tions. Notably, European countries have
achieved higher specificity in diagnostic
and screening mammography in com-
parison to the United States, often with
little trade-off in relation to sensitivity
(ie, no difference or improved overall
accuracy in Europe) (14-17). Thus,
strategies to improve specificity in the
United States should be considered if
the performance targets are to be more
widely met, including enhanced train-
ing opportunities and/or changes to
thresholds for performing biopsy of le-
sions that are likely benign.

Data from a large, diverse set of
breast imaging facilities in the BCSC,
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Table 5

Comparison of Diagnostic Mammography Performance in the BCSC during the Contemporary Digital Mammography Era (2007-2013)
to Previous Benchmarks for Screen-Film Diagnostic Mammography Performance (1996-2001)

Diagnostic Screen-Film Mammography (1996-2001)"  Diagnostic Digital Mammography (2007—2013)

PValue for
Performance Metric* Denominator Numerator Rate (%) Numerator Denominator Rate (%) Difference
Cancer detection rate (per 1000) 332926 8411 253 401548 13915 34.7 <.0001
Abnormal interpretation rate (%) 332926 26776 8.0 401548 50659 12.6 <.0001
PPV, (%) 22799 7173 315 50659 13915 27.5 <.0001
PPV, (%) 18076 7143 39.5 35275 10725 304 <.0001
Percentage of stage 0 or 1 cancers 7381 4607 62.5 13299 8435 63.4 15
Percentage of minimal cancers 7471 3140 42.0 13357 6097 45.6 <.0001
Percentage of invasive cancers that are node negative 6324 4654 73.6 10157 7074 69.6 <.0001

* False-negative rate, sensitivity, and specificity are excluded because they were not reported in Sickles et al (3).

T Previously published estimates from Sickles et al (3).

linked to state cancer registries, pro-
vide performance benchmarks for diag-
nostic mammography in the era of digi-
tal mammography. A major strength of
this study is the large, geographically
diverse sample of participating facil-
ities and radiologists. More than 90%
of BCSC data are collected in nonac-
ademic community-based imaging fa-
cilities, reflecting real-world radiology
practice. BCSC breast imaging regis-
tries ensure comprehensive capture
of cancer outcomes through linkages
with statewide cancer registries or re-
gional Surveillance, Epidemiology, and
End Results programs, enabling accu-
rate assessment of false-negative rates,
sensitivity, and specificity. Imaging fa-
cilities conducting audits without link-
ing to regional tumor registries should
consider the potential for underesti-
mating their false-negative cancer rates
and subsequently overestimating their
sensitivity.

Our study had limitations. Despite
the large sample population, we were
unable to compute percentiles for the
distribution of cancer characteristics
diagnosed by means of short-interval
follow-up examinations across radiolo-
gists. This largely reflects the low rate
of cancer detection at short-interval
follow-up. The number of examinations
with missing data was small; however,
diagnostic examinations at one BCSC
registry could not be subclassified into
specific diagnostic indication categories

and thus could only be included in
statistics for all diagnostic indications
combined. Patient risk factor data were
missing for a small percentage of pa-
tients but exceeded 20% for certain
factors, including family history and
personal history of breast cancer and
BCSC 5-year risk.

Our results provide updated per-
formance benchmarks for diagnostic
mammography in the United States
during the contemporary era of dig-
ital mammography. There have been
changes in diagnostic mammography
performance during the past 10 years,
including increasing abnormal interpre-
tation and cancer detection rates and
decreasing PPV. Comparison to expert
recommendations for acceptable per-
formance suggests that future efforts
to improve the quality of diagnostic
performance should focus on reducing
false-positive biopsy recommendations.
Finally, as digital breast tomosynthesis
diffuses into clinical practice for both
breast cancer screening and diagnosis
(18), future studies are needed to as-
sess the impact on diagnostic mammog-
raphy performance.
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