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Purpose: To retrospectively evaluate the range of performance out-
comes of the radiologist in an audit of screening mammog-
raphy by using a representative sample of U.S. radiologists
to allow development of performance benchmarks for
screening mammography.

Materials and
Methods:

Institutional review board approval was obtained, and
study was HIPAA compliant. Informed consent was or was
not obtained according to institutional review board guide-
lines. Data from 188 mammographic facilities and 807
radiologists obtained between 1996 and 2002 were ana-
lyzed from six registries from the Breast Cancer Surveil-
lance Consortium (BCSC). Contributed data included de-
mographic information, clinical findings, mammographic
interpretation, and biopsy results. Measurements calcu-
lated were positive predictive values (PPVs) from screen-
ing mammography (PPV1), biopsy recommendation
(PPV2), biopsy performed (PPV3), recall rate, cancer de-
tection rate, mean cancer size, and cancer stage. Radiolo-
gist performance data are presented as 50th (median),
10th, 25th, 75th, and 90th percentiles and as graphic
presentations by using smoothed curves.

Results: There were 2 580 151 screening mammographic studies
from 1 117 390 women (age range, �30 to �80 years).
The respective means and ranges of performance out-
comes for the middle 50% of radiologists were as follows:
recall rate, 9.8% and 6.4%–13.3%; PPV1, 4.8% and
3.4%–6.2%; and PPV2, 24.6% and 18.8%–32.0%. Mean
cancer detection rate was 4.7 per 1000, and the mean size
of invasive cancers was 13 mm. The range of performance
outcomes for the middle 80% of radiologists also was
presented.

Conclusion: Community screening mammographic performance mea-
surements of cancer outcomes for the majority of radiolo-
gists in the BCSC surpass performance recommendations.
Recall rate for almost half of radiologists, however, is
higher than the recommended rate.
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The Mammography Quality Stan-
dards Act of 1992 was created to
improve patient outcomes from

mammography (1). The legislation set
minimum national standards for per-
formance of mammography at the tech-
nical level and many professional re-
quirements. Minimum training and con-
tinuing education requirements were
established for the technologist, radiol-
ogist, and medical physicist. In addition,
a requirement was established for an
annual audit for each mammographic
facility and each radiologist.

A medical audit is a compilation of
specific important patient outcomes
over a defined period of at least a year.
This allows a radiologist and a facility to
recognize areas of strength, as well as
those areas that may need improve-
ment. The medical audit is recognized
as one of the best quality assurance
tools (2,3). There are limited data avail-
able, however, with which the practic-
ing radiologist and facility may compare
their results. There is a lack of general-
izable literature concerning the actual
performance of radiologists in the United

States and, thus, a limited knowledge of
optimal performance targets that are
achievable by general radiologists. The
opinion of experienced radiologists (4,
p 83) and guideline targets for perfor-
mance for some parameters have been
set in some countries (5, pp 4–5;6, pp
147–148). There are problems, how-
ever, with using these data for U.S. ra-
diologists. These targets have not been
quantified within the U.S. health care
environment because of a lack of appro-
priate population-based screening data.
Therefore, the value of existing guide-
lines is limited.

The Breast Cancer Surveillance
Consortium (BCSC) is a National Can-
cer Institute–funded research initiative
of seven population-based research
sites with a Statistical Coordinating
Center that collects and analyzes mam-
mographic and pathologic data in de-
fined populations (7). The BCSC has
published data on its methods (8), con-
fidentiality issues (9), and overall com-
munity performance (10–13). These
prior results were based on a popula-
tion of patients that has characteristics
that are similar to the national demo-
graphic characteristics in terms of age,
ethnicity, and urban or rural residence
(11). For comparison purposes, use of
BCSC data presents two barriers for the
average radiologist: (a) The methods
used in prior publications cannot be ap-
plied by the average community radiolo-
gist. (b) BCSC results represent aver-
ages rather than the distribution of the
range of performance outcomes. The
key methodologic limitation is that most
community radiology groups do not
have the ability to link their mammo-
graphic data to regional cancer regis-
tries. In addition, the large variations in
measurements of performance of mam-
mographers that have been extensively
documented (14–19) underscore the
importance of understanding where in-
dividual performance lies within the dis-
tribution of performance of other radi-
ologists.

The American College of Radiology
has created medical audit methods in-
tended for use by community radiolo-
gists. The 4th edition of the American
College of Radiology Breast Imaging Re-

porting and Data System (BI-RADS)
manual (20) provides standardized ter-
minology and assessments used in
breast imaging for mammography, ul-
trasonography, and magnetic resonance
imaging. In addition, the BI-RADS man-
ual contains instructions on the use of
these assessments to compute outcome
measurements from mammographic
data that are possible for many commu-
nity practices. The measurements pro-
posed by the American College of Radi-
ology are more extensive than the mini-
mal measurements required by the
Mammography Quality Standards Act
for mammographic accreditation. The
purpose of our study was to retrospec-
tively evaluate the range of individual
radiologist performance outcomes in an
audit of screening mammography by us-
ing a representative group of U.S. radi-
ologists to allow development of perfor-
mance benchmarks for screening mam-
mography.

Materials and Methods

The parameters examined and the
methods used for estimating perfor-
mance measurements are described in
the medical audit section of the 4th edi-
tion of the American College of Radiol-
ogy BI-RADS manual (20). All authors
were involved in decisions about the
methods and in the interpretation of the
results of the analysis. Analysis was per-
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Advances in Knowledge

� There is a range of performance
outcomes, covering the full com-
plement of outcome measure-
ments recommended in BI-RADS
fourth edition, for screening
mammography performed by a
large sample of U.S. radiologists
in a representative population of
women.

� For performance outcome mea-
surements related to cancer de-
tection and stage at diagnosis,
most radiologists exceed the
Agency for Health Care Policy and
Research (AHCPR) desirable
goals for experts in the perfor-
mance of screening mammogra-
phy.

� For performance outcome mea-
surements related to recall rate
and positive predictive value,
most radiologists are just at or
below the AHCPR desirable goals
for experts in the performance of
screening mammography.
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formed by an individual (L.A.A.) in con-
sultation with three other individuals
(R.D.R., B.C.Y., W.E.B.) by using soft-
ware (SAS; SAS Institute, Cary, NC).
These methods focus on follow-up of
patients with an abnormal mammo-
graphic interpretation and their associ-
ated pathologic findings. We limited fol-
low-up for cancer to 12 months after
screening mammography. Although the
BCSC uses computerized matching sys-
tems to link mammograms to breast
cancers, most clinical practices do not
have this capacity and, therefore, sensi-
tivity and specificity are not included
in this analysis. Most guidelines for
screening from other countries have de-
fined separate targets for initial and
subsequent screening mammography.
With current data systems in use in
many practices, however, it is not gen-
erally feasible to perform audits sepa-
rately according to initial and subse-
quent examinations, and therefore per-
formance outcomes for initial and
subsequent mammographic examina-
tions were combined. Ninety percent of
the mammograms were from subse-
quent examinations.

Data Sources
Data were collected from six BCSC
registries: Carolina Mammography
Registry (Chapel Hill, NC), Group
Health Cooperative (Seattle, Wash),
New Hampshire Mammography Net-
work (Lebanon, NH), New Mexico
Mammography Project (Albuquerque,
NM), Vermont Breast Cancer Surveil-
lance System (Burlington, Vt), and
San Francisco Mammography Registry
(San Francisco, Calif). To determine
cancer outcomes, each registry links
its data to a state tumor registry or to
a Surveillance Epidemiology and End
Result, also known as SEER, program.
Six of these registries also collect
some benign pathologic results (7).

Each registry and the Statistical Co-
ordinating Center of the BCSC have re-
ceived a Federal Certificate of Confiden-
tiality and approval from each institu-
tional review board for the protection of
human subjects to collect and send data
to the Statistical Coordinating Center
and to conduct research with these

data. Three of seven sites were granted
a waiver of informed consent. At three
of the other sites, women had the op-
tion to exclude their data from re-
search. At one site, the patient’s signa-
ture was required to allow inclusion of
data for research. Our study was Health
Insurance Portability and Accountability
Act compliant. All registries have strict
procedures for deidentification of pa-
tient information and protection of con-
fidentiality (9). Linkage procedures fol-
low protocols specifically designed to
preserve patient confidentiality.

Data Collected
Approximately 188 mammographic fa-
cilities contributed to the pooled data.
This number of facilities represents
about 2% of the approximately 10 000
Food and Drug Association–certified
mammographic facilities in the United
States in 2000. We compared the demo-
graphic makeup of the population living
in the catchment areas of the six BCSC
registries included in our study to that
of the entire U.S. population by using
2000 census data. To describe the
BCSC population, we (L.A.A., W.E.B.)
included census data from all counties in
which there was a participating mam-
mographic facility.

Study Group
The study included women who had un-
dergone at least one screening mammo-
graphic examination during the years
1996–2002. Screening mammographic
examinations performed after Decem-
ber 2002 were excluded to ensure that
there was at least 12 months following
the screening examination during which
cancer could be diagnosed and there
was adequate time for cancer reporting.
A screening mammographic examina-
tion was defined as one characterized by
the interpreting radiologist as having an
indication of screening.

The pooled data contain screening
mammographic interpretations deter-
mined by 807 identified radiologists. A
radiologist identifier was not available
from some facilities but was present for
84.0% (2 166 970 of 2 580 151) of the
studies in this report. Some radiologists
contributed data from multiple facili-

ties. Many radiologists also interpreted
some mammograms at facilities outside
of the consortium, and therefore only a
subset of their interpretations would
have been captured. This inclusion of
only a subset of their interpretations
also occurs because radiologists move
between facilities or serve as temporary
radiologists in a facility.

Mammographic Data Collection
Procedures and Definitions
Across all BCSC registries, patients un-
dergoing mammography complete a
questionnaire at each imaging visit that
requests medical history and demo-
graphic data, including date of most re-
cent mammographic examination, fam-
ily history of breast cancer, previous
breast biopsy, personal history of
breast cancer, and description of recent
breast symptoms. Women were consid-
ered to have a family history of breast
cancer if they reported having at least
one female first-degree relative (mother,
sister, or daughter) with breast cancer.
Women were considered to have a per-
sonal history of breast cancer if they
had self-reported previous breast can-
cer or had evidence of previous breast
cancer in the cancer registry or pathol-
ogy database. Each woman was con-
sidered to have a previous mammo-
graphic examination if she had a self-
reported prior mammographic exami-
nation or there was indication of infor-
mation about a prior mammographic
examination in the BCSC database.

Generally, screening mammography
is performed for women without breast
symptoms, but some women with symp-
toms are included in all screening popula-
tions (10,21,22). In this analysis, we used
mammograms identified as screening
mammograms by the interpreting radi-
ologist independent of whether or not
symptoms were present at the time of
the examination. We included mam-
mograms that are variably considered
screening mammograms that had been
obtained because of other special cases,
and these mammograms included those
obtained in patients with breast im-
plants and in patients with prior breast
cancer if the mammograms were desig-
nated as from a screening study.
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The mammographic registry also
captures data about image interpreta-
tion, including management (imaging,
biopsy, and clinical evaluations) recom-
mendations and the BI-RADS assess-
ment categories assigned by the inter-
preting radiologist for each mammo-
graphic examination (9,20). A separate
assessment often is recorded for each
breast. For the purpose of this study,
we created an overall assessment for
the entire examination by using the
more serious abnormal BI-RADS as-
sessment category according to the fol-
lowing hierarchy: negative (category 1),
benign (category 2), probably benign
(category 3), needs additional evalua-
tion (category 0), suspicious (category
4), and highly suggestive of malignancy
(category 5). A positive result was de-
fined as one classified with BI-RADS as-
sessment categories 0, 4, or 5, and a
negative result was defined as one clas-
sified with BI-RADS assessment catego-
ries 1, 2, or 3. Results in a previously
published investigation (23) showed
only very small nonsignificant differ-
ences between woman-specific and
breast-specific outcome data, and these
results indicated that woman-specific

data are sufficiently accurate measure-
ments of interpretive performance.

A report about screening mammog-
raphy from the BCSC (24) indicated
that 10%–15% of examinations with
positive (abnormal) results (BI-RADS
categories 0, 4, or 5) were discordant
between the BI-RADS assessment cate-
gory assigned and subsequent manage-
ment recommendations provided by the
interpreting radiologist compared with
the recommendations that the BI-RADS
assessment category should inherently
suggest. These nonstandard approaches
tend to undercount a sizable proportion
of positive mammograms (25). This un-
dercount is caused by the common use
of BI-RADS category 3 (probably benign
finding) with additional imaging recom-
mended instead of BI-RADS 0 (needs
additional imaging) (24). Thus, a nega-
tive assessment (BI-RADS category 3) is
used instead of a positive assessment
(BI-RADS category 0). Because of the
differences in how practicing radiolo-
gists implement BI-RADS, an important
percentage of women with similarly ab-
normal mammographic findings may ap-
pear to be classified in different catego-
ries of assessment. To create compara-

ble performance benchmarks across
facilities, we made two modifications to
the collected data: (a) If additional im-
aging was performed at the time of the
screening, the screening mammogram
was considered positive. (b) If a recom-
mendation for immediate work-up was
given along with an assessment that in-
dicated a probably benign assessment
(BI-RADS category 3), then the assess-
ment was considered positive and clas-
sified as BI-RADS category 0. According
to BI-RADS audit rules, any mammo-
gram with a BI-RADS category 6 assess-
ment (known breast cancer) was ex-
cluded from the analysis.

Patients undergoing mammography
were considered to have breast cancer
if a state tumor registry, Surveillance
Epidemiology and End Result program
registry, or pathology database indi-
cated the diagnosis of invasive carci-
noma or ductal carcinoma in situ within
12 months after a screening mammo-
graphic examination.

Outcome Measurements and Statistical
Analysis
A true-positive mammogram was de-
fined as a screening mammographic ex-
amination with a positive interpretation
that was followed by the diagnosis of
invasive breast cancer or ductal carci-
noma in situ within 12 months. Cancer
detection rate was defined as the num-
ber of cancers following a positive mam-
mogram divided by the total number
of screening mammographic examina-
tions. Conversely, a false-positive mam-
mogram was defined as a screening
mammographic examination with a pos-
itive interpretation and no breast can-
cer diagnosed within the next 12
months.

We calculated the positive predic-
tive value (PPV) by dividing the number
of true-positive examinations by the
sum of true-positive and false-positive
examinations. Three separate PPV cal-
culations were performed by using BI-
RADS methods: PPV1 (probability of
cancer following a positive mammo-
graphic interpretation), PPV2 (proba-
bility of cancer following a BI-RADS as-
sessment of 4 or 5), and PPV3 (probabil-

Table 1

Demographic Characteristics for the Study Compared with Those for the Entire
U.S. Population

Characteristic Study Population* U.S. Population†

Total population in selected counties 11 874 535 281 421 906
Rural-urban mix (%)

Rural 23.0 21.0
Urban 77.0 79.0

Race (%)‡

White 82.7 84.9
African American 9.7 10.8
Other 7.5 4.3

Hispanic ethnicity (%) 6.3 7.3
No high school degree (%)§ 16.0 19.6
Economic status

Living in poverty (%) 11.2 12.4
Unemployed (%) 3.7 4.0
Median family income ($) 53 933 51 197

* Data were based on 2000 census data for all countries in which there was a mammographic facility that contributed data
to this study.
† Data were based on 2000 census data for the entire U.S. population.
‡ For women 40 years of age and older.
§ For women 25 years of age and older.
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ity of cancer among patients actually
undergoing biopsy after a BI-RADS as-
sessment of 4 or 5). For screening ex-
aminations with an initial BI-RADS as-
sessment of category of 0, the final as-
sessment was determined by looking
ahead 180 days to determine whether
additional imaging had been performed.
Final assessment was used when PPV2

and PPV3 were computed. A final BI-
RADS assessment of category 4 or 5
was assumed to be a biopsy recommen-
dation. PPV3 included the performance
of any type of biopsy (fine-needle aspi-
ration, cyst aspiration, core, or surgical
biopsy). PPV2 and PPV3 are both impor-
tant, as they are measurements of dif-
ferent aspects of the process; PPV2 is a
measurement of PPV for biopsy recom-
mendations, whereas PPV3 is a mea-
surement for biopsies actually per-
formed.

Because few mammographic facilities
have adequate resources to estimate sen-
sitivity or specificity, we report those cal-
culations only on the BCSC Web site at
http://breastscreening.cancer.gov.

Simple descriptive statistics (fre-
quency, percentile, mean, and median
values) were chosen to provide clinically
relevant screening performance bench-
marks. We illustrated the variability
found among radiologists by using per-
centile values to indicate ranges that de-
scribe where the middle 50% and 80%
of performance outcomes was found for
specific outcome measurements. For
example, the combination of 25th and
75th percentile values defines the range
within which the middle 50% of perfor-
mance outcomes was found, and the
combination of 10th and 90th percentile
values defines the range within which
the middle 80% of performance out-
comes was found. To reduce the
amount of random statistical variation
in these data, we reported outcomes
from only those radiologists who con-
tributed at least a designated, subjec-
tively determined minimum number of
mammographic examinations or can-
cers for each outcome displayed, as fol-
lows: recall rate and cancer detection
rate, 1000 examinations; PPV1, 100 ab-
normal interpretations; PPV2, 30 biopsy
recommendations; PPV3, 30 biopsies

Table 2

Clinical Demographic Characteristics for 2 580 151 Screening Mammographic
Examinations

Characteristic No. of Examinations*

Age (y)†

�30 3564 (0.1)
30–39 121 730 (4.7)
40–49 754 830 (29.3)
50–59 746 272 (28.9)
60–69 493 841 (19.1)
70–79 352 075 (13.6)
�80 107 839 (4.2)

Family history of breast cancer
Yes 323 186 (15.2)
No 1 807 081 (84.8)
Unknown 449 884 (17.4)

Personal history of breast cancer
Yes 114 557 (6.3)
No 1 718 273 (93.7)
Unknown 747 321 (29.0)

Previous mammogram reported
Yes 2 161 902 (89.2)
No 262 224 (10.8)
Unknown 156 025 (6.0)

Self-reported symptoms‡

Yes 85 049 (3.6)
No 2 280 740 (96.4)
Unknown 214 362 (8.3)

* Numbers in parentheses are percentages calculated based on nonmissing values. Most of the unknown data are structurally
missing, and using nonmissing data provides the best representation of each demographic characteristic.
† The mean age was 56.4 years, and the median age was 54.0 years.
‡ Self-reported symptoms included lump, discharge, and other symptoms but not pain.

Table 3

Abnormal Interpretations for 2 580 151 Screening Mammographic Examinations

Measurement and Data Value

Recall rate (%) 9.8
No. of abnormal interpretations 253 169
Total no. of examinations 2 580 151

PPV1, abnormal interpretations (%)* 4.8
No. of cancers 12 068
No. of abnormal interpretations 253 169

PPV2, biopsy recommended (%)† 24.6
No. of cancers 9342
No. of abnormal interpretations 37 987

PPV3, biopsy performed (%)‡ 33.8
No. of cancers 8901
No. of abnormal interpretations 26 340

* An abnormal interpretation was based on assignment of BI-RADS category 3 (only when immediate work-up is recom-
mended) or 0, 4, or 5 or performance of additional imaging on the same day as the screening mammographic examination.
† A classification of biopsy recommended was based on the assignment of BI-RADS category 4 or 5 at the final assessment.
‡ A classification of biopsy recommended and performed was based on assignment of BI-RADS category 4 or 5 at the final
assessment and availability of biopsy results.
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performed; and for cancer measure-
ments, 15 cancers with complete infor-
mation on the outcome criteria. We
used graphic presentations (frequency
distributions overlaid with percentile
values) to display these data in an eas-
ily understandable format and present
the tabular data in the BCSC Web site.
More complex analytic methods, such
as those designed to elucidate statisti-
cally significant interactions among

the data variables collected, are be-
yond the scope of our study.

Results

Demographic Factors
During the 1996–2002 study period, the
six participating BCSC registries con-
tributed 2 580 151 screening mammo-
graphic examinations for 1 117 390

women. The demographic makeup of
the population living in the catchment
areas of the six BCSC sites included in
our study is comparable to that for the
population of the entire United States
(Table 1). There are only slight differ-
ences, with none greater than 5 per-
centage points, between our study pop-
ulation and the U.S. population. Our
study population is slightly more rural,
contains slightly fewer African Ameri-

Table 4

Cancers for 2 580 151 Screening
Mammographic Examinations

Cancer Data No. of Cancers

Cancer histologic type*
Ductal carcinoma in situ 2603 (21.6)
All invasive 9465 (78.4)

Invasive cancer size (mm)†

1–5 882 (10.2)
6–10 2333 (27.0)
11–15 2309 (26.7)
16–20 1293 (14.9)
�20 1839 (21.2)
Unknown 809 (8.5)

Minimal cancer‡ 5818 (51.7)
Axillary lymph node status§

Negative 7233 (79.8)
Positive 1829 (20.2)
Unknown 403 (4.3)�

Cancer stage#

0 2603 (25.1)
I 5446 (50.5)
II 2380 (21.1)
III 257 (2.4)
IV 98 (0.9)
Unknown 1284 (9.5)

Note.—The number of all cancers was 12 068, and the
mean cancer detection rate per 1000 was 4.7.

* Numbers in parentheses are percentages of all can-
cers where cancer histologic type was known.
† Numbers in parentheses are percentages of invasive
cancers of known size. The mean size was 16.4 mm,
and the median size was 13 mm.
‡ Defined as cases of ductal carcinoma in situ or inva-
sive cancer of 10 mm or smaller. Numbers in paren-
theses are percentages of cases of ductal carcinoma in
situ and invasive cancers of known size.
§ Numbers in parentheses are percentages of invasive
cancers of known nodal status.
� The denominator is 9465.
# Numbers in parentheses are percentages of cases of
ductal carcinoma in situ and invasive cancers of known
stage.

Table 5

Performance Benchmarks for Abnormal Screening Mammographic Interpretations

Measurement and Data Value

Recall rate (%) 9.4
No. of readers with �1000 examinations 344
No. of abnormal interpretations 195 697
Total no. of examinations 2 076 379
Reader performance (%)

For 50th percentile (median) 9.7
For 10th–90th percentiles 4.4–16.8
For 25th–75th percentiles 6.4–13.3

PPV1, abnormal interpretation (%)* 4.8
No. of readers with �100 abnormal interpretations 330
No. of cancers 9451
No. of abnormal interpretations 195 591
Reader performance (%)

For 50th percentile (median) 4.5
For 10th–90th percentiles 2.6–8.6
For 25th–75th percentiles 3.4–6.2

PPV2, biopsy recommended (%)† 25.0
No. of readers with �30 biopsy recommendations 256
No. of cancers 6991
No. of biopsy recommendations 27 947
Reader performance (%)

For 50th percentile (median) 25.0
For 10th–90th percentiles 14.1–38.8
For 25th–75th percentiles 18.8–32.0

PPV3, biopsy performed (%)‡ 32.6
No. of readers with �30 biopsies performed 195
No. of cancers 6173
No. of biopsy recommendations 18 948
Reader performance (%)

For 50th percentile (median) 32.3
For 10th–90th percentiles 20.6–51.0
For 25th–75th percentiles 25.0–40.5

Note.—Data include examinations for radiologists with minimum numbers of mammograms as designated; examinations for
which the radiologist was unknown were excluded.

* An abnormal interpretation was defined as one for which BI-RADS category 3 (only when immediate work-up is
recommended) or 0, 4, or 5 was assigned or in which additional imaging was performed on the same day as the screening
mammographic examination.
† A classification of biopsy recommended was defined as one based on the assignment of BI-RADS category 4 or 5 at the final
assessment.
‡ A classification of biopsy recommended and performed was defined as assignment of BI-RADS category 4 or 5 at the final
assessment and availability of biopsy results.
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can and Hispanic women, is slightly
more highly educated, and has a slightly
higher estimated median family income
than the entire U.S. population. The
population of patients and radiologists
cannot be a random sample since the
data are voluntarily provided by radiol-
ogy facilities. The radiologists included
in this study are thought to mirror com-
munity practice, as they come from ur-
ban, rural, large, small, and different
organizational structures of practice
across the broad geographic areas.

The percentage of screening mam-
mograms obtained in patients with a re-
port of a prior mammogram is 89.2% (2
161 902 of 2 424 126 [nonmissing data])
(Table 2). In this data set, 41.1%
(459 324 of 1 117 390) of the women
underwent only one screening examina-
tion, 22.5% (250 842 of 1 117 390) un-
derwent two screening examinations,
15.6% (174 083 of 1 117 390) under-
went three screening examinations, and
20.9% (233 141 of 1 117 390) underwent
four or more screening examinations.

Researchers in previous reports
(12,26–31) have shown that clinical out-
comes for screening mammography are
affected by several common demo-
graphic factors, specifically age, family
history of breast cancer, personal his-
tory of breast cancer, breast density,
and mammography performed previ-
ously. Because these factors vary by fa-
cility, data for these factors are pre-
sented for our study population (Table
2). A considerable percentage (based
on nonmissing data) of screening mam-
mograms were obtained in women who
reported a family history of breast can-
cer (15.2% [323 186 of 2 130 267]), a
personal history of breast cancer (6.3%
[114 557 of 1 832 830]), and recent
breast symptoms (3.6% [85 049 of
2 365 789]). The most common symp-
toms were other or not otherwise spec-
ified (1.7% [40 226 of 2 365 789]), a
lump (1.6% [37 358 of 2 365 789]), and
nipple discharge (0.3% [7465 of
2 365 789]). A small percentage of
screening mammograms (1.0% [25 651
of 2 580 151]) were obtained in women
who reported that they had breast im-
plants. Implant information was missing
from 24.4% (630 508 of 2 580 151) of

the mammographic data. The mean age
of women was 56.4 years, and 4.9%
(125 294 of 2 580 151) of the screening
mammograms were obtained in women
younger than 40 years. The majority of
screening examinations (77.3% [1 994 943
of 2 580 151]) were performed in women
within the typical screening age range of
40–69 years.

Mammographic Performance
Measurements
The recall rate was 9.8% (253 169 of
2 580 151). PPV1 (percentage of can-
cers determined after a positive screen-
ing examination) was 4.8% (12 068 of
253 169), PPV2 (percentage of cancers
determined after a BI-RADS assessment
category of 4 or 5 was assigned) was
24.6% (9342 of 37 987), and PPV3 (per-
centage of cancers determined after a
BI-RADS assessment category of 4 or 5
was assigned and a biopsy was per-
formed) was 33.8% (8901 of 26 340)

(Table 3). Prior to reclassification of
some otherwise negative or benign ex-
aminations as BI-RADS category 0, such
as when additional imaging was per-
formed at the time of the screening ex-
amination (to increase consistency of
BI-RADS assessments between radiolo-
gists), the recall rate was 7.5%
(193 265 of 2 580 151) and the PPV1

was 6.0% (11 560 of 193 265).

Cancer Outcomes
Cancer stage at diagnosis is an important
prognostic parameter and currently is
most often described by the staging classi-
fication schema of the American Joint
Committee on Cancer (32). The staging
schema of the American Joint Committee
on Cancer integrates clinical data on tu-
mor size, nodal involvement, and metas-
tases. Cancers are also characterized by
these factors individually, as well as by
other summary stage measurements such
as “minimal cancer.”

Figure 1

Figure 1: Smoothed plots of frequency distributions for recall rates and PPVs. Overlaid solid line indicates
50th percentile (median), paired dashed lines indicate 25th and 75th percentiles, and paired dotted lines indi-
cate 10th and 90th percentiles. (a) Recall rate for 2 076 379 examinations among 344 radiologists with 1000
or more examinations. (b) PPV1 for 195 591 abnormal interpretations among 330 radiologists with 100 or
more abnormal interpretations. (c) PPV2 for 27 947 abnormal interpretations among 256 radiologists with 30
or more biopsy recommendations. (d) PPV3 for 18 948 abnormal interpretations among 195 radiologists with
30 or more biopsies performed. The corresponding mean values for all 2 580 151 examinations are in Table 3.
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The percentage of all cancers diag-
nosed as ductal carcinoma in situ was
21.6% (2603 of 12 068) (Table 4). Of
the invasive cancers with known size,
37.1% (3215 of 8656) were 10 mm or
smaller, and 21.2% (1839 of 8656)
were larger than 2 cm. The median size
was 13 mm, and the mean size was 16.4
mm. The percentage of cancers consid-
ered minimal (cases of ductal carcinoma
in situ or invasive cancer of 10 mm or
smaller) was 51.7% (5818 of 11 259
[known size]) (Table 4).

Node-positive cancers represented
20.2% (1829 of 9062) of all invasive
cancers with known nodal status. Sum-
mary stage calculation for cancers with
known stage yielded 75% (8208 of
10 943) as stage 0 or I. The percentage
of cancers for which information was
insufficient to calculate stage was 9.3%
(1125 of 12 068), primarily because, in
809 (8.5%) of 9465 invasive cancers,
size was unknown (Table 4).

Performance Benchmarks
The range of recall rate of the middle 50%
of radiologists was 6.4%–13.3%, and that
of 80% of radiologists was 4.4%–16.8%
(Table 5, Fig 1). The range of PPV1 of the
middle 50% of radiologists was 3.4%–
6.2%, and that of 80% of radiologists was
2.6%–8.6%. The range of PPV2 (BI-RADS
assessment 4 and 5) was 18.8%–32.0%
for the middle 50% of radiologists, and
the range for 80% of radiologists was
14.1%–38.8%. Most of the smoothed
curves for performance outcomes (Figs 1,
2) have clearly defined peaks, except recall
rate, where there is a flattening around the
average of performance outcomes.

Discussion

Background Information
As initially envisioned, the audit func-
tioned as a teaching tool and summary
for each radiologist. Subsequently, we

used the opinion of experienced radiol-
ogists to create targets for performance
(4, p 83;5;6, pp 147–148) by using mea-
surements such as recall rate and can-
cer detection rate. Many of the early
performance targets were developed on
the basis of the evaluation of outcomes
from small groups of radiologists with a
special interest in breast imaging (4, p
83;26;33–35).

Publication of our results follows
that of the recent Institute of Medicine
report of 2005 (36, p 5). That report
recommends adding many of the mea-
surements reported in our study to the
mammographic facility audit require-
ments.

Unlike European screening programs,
performance targets published in the
UnitedStates havenot beenused to enforce
performance outcomes. Just recently, esti-
mates of performanceoutcomesof diagnos-
tic mammography in a large group of radi-
ologists in the United States provided

Figure 2

Figure 2: Smoothed plots of frequency distributions for detected cancers. Overlaid solid line indicates 50th percentile (median), paired dashed lines indicate 25th and
75th percentiles, and paired dotted lines indicate 10th and 90th percentiles. (a) Cancer detection rate for 2 076 379 examinations among 344 radiologists with 1000 or
more examinations. (b) Mean cancer size for 5424 invasive cancers with known size among 159 radiologists with detection of 15 or more invasive cancers with known
size. (c) Percentage of minimal cancer for 7689 cancers among 190 radiologists with detection of 15 or more cancers. (d) Percentage of node-negative cancers for 5753
invasive cancers with known nodal status among 169 radiologists with detection of 15 or more invasive cancers with known nodal status. (e) Percentage of stage 0 or I
cancers for 7268 cancers with known stage among 182 radiologists with detection of 15 or more cancers with known stage. The corresponding mean values for all
2 580 151 examinations and 12 068 cancers are in Table 4.
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empiric evidence on which to base perfor-
mance targets (10,11).

Variation of mammographic out-
come and accuracy measurements is
well known, but the literature is gener-
ally limited to one practice or geo-
graphic area (19; 33; 34;36, p 5; 37),
research methods not applicable to the
community (38), or review of selected
mammograms (39,40). Our study ad-
dresses these limitations by using
graphic representations of outcome
measurements from routine practice
and from a broad base of representative
radiologists and by using methods ac-
cessible to most radiologists. Thus, re-
sults of our study allow a radiologist to
compare his or her outcome measure-
ments with those of a group of radiolo-
gists who are representative of those in
U.S. practice (11).

Findings in our report extend results
of prior research because the range of
performance outcomes in community
practice for screening mammography is
documented. Because only 10% of our
mammograms were initial mammo-
grams, results are best compared with
results with subsequent mammograms.
The average values of our results were
similar to those in prior U.S. reports (8;
10;29;36, p 5). In general, the results for
most radiologists are within the desirable
ranges recommended for highly skilled
radiologists (4, p 83; 6, pp 147–148) (Ta-
bles 6, 7), with the exception of the recall
rate (median, 9.7%) and the PPV1 (me-
dian, 4.5%).

The median recall rate for the
United States is almost twice the value
of the European guidelines (6, pp 147–
148; 42) of less than 5% and well above
the United Kingdom guidelines (5, pp
4–5) of less than 5% to 7%. This pat-
tern of differing ranges of performance
outcomes is also seen for PPV1 but in
the converse direction, with more than
50% of radiologists having values below
the target value of 5%–10% suggested
by organizations in the United States.
The range of recall rate is primarily re-
flective of a pattern of care, and not
random variation, as the radiologists in-
cluded in this analysis all had performed
more than 1000 interpretations each.

The majority of radiologists appear

Table 6

Performance Benchmarks for Cancer Detection

Cancer Data Value

Mean cancer detection rate per 1000 4.6
No. of readers with �1000 examinations 344
No. of cancers 9529
Total no. of examinations 2 076 379
Reader performance (%)

For 50th percentile (median) 4.4
For 10th–90th percentiles 2.4–7.0
For 25th–75th percentiles 3.2–5.8

Invasive cancer size
No. of readers with �15 detected invasive cancers with known size 159
No. of cancers 5424
Reader performance for mean tumor size (%)

For 50th percentile (median) 15.9
For 10th–90th percentiles 12.8–19.6
For 25th–75th percentiles 14.3–17.5

Reader performance for median tumor size (%)
For 50th percentile (median) 13.0
For 10th–90th percentiles 10.0–15.0
For 25th–75th percentiles 12.0–14.5

Percentage of minimal cancer* 52.9
No. of readers with �15 detected cancers† 190
No. of minimal cancers 4066
Total no. of cancers† 7689
Reader performance (%)

For 50th percentile (median) 51.8
For 10th–90th percentiles 37.8–65.8
For 25th–75th percentiles 45.8–59.1

Percentage of node-negative cancers 80.2
No. of readers with �15 invasive cancers‡ 169
No. of node-negative cancers 4613
Total no. of cancers‡ 5753
Reader performance (%)

For 50th percentile (median) 80.9
For 10th–90th percentiles 69.6–91.7
For 25th–75th percentiles 75.0–84.9

Percentage of Stage 0 or I 76.0
Readers with �15 cancers‡ 182
No. of stage 0 or I cancers 5521
Total no. of cancers‡ 7268
Reader performance (%)

For 50th percentile (median) 76.0
For 10th–90th percentiles 62.5–87.5
For 25th–75th percentiles 69.7–81.8

Note.—Data include examinations for radiologists with minimum numbers of mammograms as designated; examinations for
which the radiologist was unknown were excluded.

* Included cases of ductal carcinoma in situ or invasive cancer of 10 mm or smaller.
† Ductal carcinoma in situ or invasive cancer with known size.
‡ Known nodal status.
§ Known stage.
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to practice within the Agency for Health
Care Policy and Research and European
minimal guidelines for cancer detection
rate and ductal carcinoma in situ detec-
tion, and the percentage of cancers that
were classified as early stage appeared
to substantially exceed the guidelines.
These favorable outcomes are perhaps
the result of the higher recall rates
and/or shorter screening intervals (me-
dian of 18 months in the United States
vs 36 months in the United Kingdom)
(42), which are commonly observed in
practice in the United States.

Study Limitations
Although we believe a major strength of
our study is its large sample of clinical
practices drawn from a diverse geo-
graphic area, features that allow it to be
a mirror of the typical U.S. community
practice, limitations in this analysis
should be noted. We did not evaluate
how characteristics, such as physician

volume or the practice of double read-
ing, influenced observed outcomes, nor
did we evaluate how the outcome pa-
rameters interact (eg, an examination
of the relationship of recall rate to sen-
sitivity or cancer detection rate). These
types of issues are crucial to the cre-
ation of new guidelines and are being
evaluated in other research efforts in
which BCSC data are used.

Use of BCSC Performance Benchmarks
Data by Radiologists
For these data to be valuable to commu-
nity radiologists, these radiologists need
to collect the necessary data about their
own practice. Efficient audit systems of
screening mammographic practices are
needed for collection of prospective,
long-term, standardized, and high-qual-
ity data as recommended by the recent
Institute of Medicine report (36). In
many practices, maybe most, radiolo-
gists do not collect much of these data

and cannot therefore evaluate their per-
formance outcomes relative to the
BCSC data about performance bench-
marks for mammographic screening.
Evaluation of the quality of care delivery
is not an easy process and is best per-
formed with specialized software, knowl-
edgeable personnel, and access to patho-
logic data. There is no reimbursement
for the substantial costs involved.

The collection of cancer data is
likely to be incomplete in community
radiology, and acquisition of complete
follow-up information for outcomes for
all biopsies is a greater challenge when
no centralized registry exists.

Another important limitation is the
small number of cancers present for
each radiologist on screening mammo-
grams performed during 1 year. A dif-
ference of even one or two cancers has
a major effect on the resulting perfor-
mance measurement. This impreci-
sion may be offset by aggregation of
several years of data and/or data from
an entire group of radiologists (Ap-
pendix E1 [radiology.rsnajnls.org/cgi/
content/full/241/1/55/DC1]).

Patient population differences also
will alter these performance measure-
ments. Patients’ demographic charac-
teristics such as age, race and ethnicity,
family history of breast cancer, and
prior mammography will affect all out-
comes, especially cancer detection rate
and recall rate (10–12,29,30,40).

The benchmark data displayed in
our study represent the current range of
community performance outcomes. It
should not be inferred that the average
community performance outcome is
necessarily the recommended target for
performance. Desirable goals, targets,
or guidelines are created by a panel of
experienced radiologists by using an ev-
idence-based process that includes a
thorough review of peer-reviewed liter-
ature and their own experiences. Exam-
ples of evidence-based review processes
are those commissioned by the Agency
for Healthcare Research and Quality–
managed U.S. Preventive Services Task
Force or a panel of experienced radiolo-
gists provided by a committee of the
American College of Radiology. Bench-
mark data are useful to create these

Table 7

Comparison of Outcome Recommendations and Results with Current Performance
Measurements

Outcome Measurement

Desirable AHCPR
Guidelines,
1994*

European and
United Kingdom
Guidelines, 2001

and 2005† British Columbia
Study Results‡

BCSC Values,
1996–2002 (%)§Minimal Desirable

Recall rate �10 (all) . . . . . . . . . 9.7 (4.4–16.8)
Initial screening . . . �7 �5 9.8 12.3 (6.1–23.5)
Subsequent screening . . . �5 �3 4.4 8.8 (3.8–15.6)

Cancer detection rate 2–10� . . . . . . . . . 4.4 (2.4–7.0)
Initial screening 6–10� 3� �3� 5.0� 4.4 (2.2–7.9)
Subsequent screening 2–10� 1.5� �1.5� 2.8� 4.3 (2.2–6.9)

PPV1 5–10 NA NA . . . 4.5 (2.6–8.6)
PPV2 25–40 . . . . . . . . . 25.0 (14.1–38.8)
Node-positive cancer �25 . . . . . . 19 18.8 (12.5–37.5)
Ductal carcinoma in situ cases . . . 10 10–20 20 21.6#

Minimal cancer** �30 . . . NA . . . 51.8 (37.8–65.8)
Stage 0 or I �50 . . . . . . . . . 76.0 (62.5–87.5)

Note.—Values are percentages except where otherwise indicated. NA � not applicable.

* Reference 4, p 83. AHCPR � Agency for Health Care Policy and Research.
† References 5, pp 4–5; 6, pp 147–148.
‡ Reference 41.
§ Data are from Tables 5 and 6 of the current study; initial versus subsequent recall rate data are not shown elsewhere. Data
are for medians, and numbers in parentheses are values for the 10th–90th percentiles.
� Per 1000.
# The 10th–90th percentiles were not calculated.

** Defined as cases of ductal carcinoma in situ or invasive cancer of 10 mm or smaller.
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goals or guidelines, but they are useful
to the practicing radiologist only if he or
she has data from a similar population
that are calculated by using the same
methods. Our study findings, therefore,
should be helpful in updating any future
guidelines, as they demonstrate the
variation present in community prac-
tice.

The wide variation in recall rate
likely represents a lack of consensus
among practicing radiologists concern-
ing performance targets. A wide varia-
tion is of concern because the literature
suggests that wide variation in the pro-
cesses of care delivery may be associ-
ated with lower quality or worse out-
comes from care delivery (43, p 88).
These benchmark data demonstrate the
need for improvement in screening
mammographic performance in the
United States if the guidelines recom-
mended by the Agency for Healthcare
Research and Quality are to be met.

A major caution in the use of screen-
ing mammographic guidelines is that a
single performance measurement in isola-
tion may not be meaningful. In particular,
the acceptability of a value for recall rate
also depends on the parallel acceptability
of values for PPV1, cancer detection rate,
and size of invasive cancer detected. For
example, a radiologist with a higher than
average recall rate may need those addi-
tional recalled patients to achieve a suffi-
ciently high cancer detection rate and a
sufficiently high detection rate for inva-
sive cancers of small size. Investigators in
another BCSC study are examining how
the parameters of recall rate, cancer de-
tection rate, and sensitivity interact in
clinical practice.

Fortunately, efforts have already be-
gun to evaluate screening mammo-
graphic performance through an inte-
grated assessment of recall rate, cancer
detection rate, and PPV. One such inno-
vative approach has been developed in
the United Kingdom where facilities re-
ceive feedback in a single graphic dis-
play that indicates whether they are op-
erating within an acceptable range of
three measurements: recall rate, cancer
detection rate, and PPV1 (44). This
feedback allows identification of facili-
ties or radiologists who are operating

outside of the acceptable range for
these parameters. With on-site review,
experienced radiologists can then con-
firm problems and assist in processes
necessary to improve performance out-
come (5, pp 4–5; 45).

Conclusion

Our study findings indicate the range of
performance benchmarks for screening
mammography performed by commu-
nity radiologists in the United States
and should be useful as comparative
data for individual radiologists and for
establishment of outcome guidelines.

Although most measurements of the
performance of radiologists for screen-
ing examinations are similar to pub-
lished recommendations, for many radi-
ologists, recall rate is higher and PPV1 is
lower than the recommendations. Vari-
ability in all of these measurements for
any practice may relate in part to meth-
ods used but primarily reflects actual
differences. Additional research and in-
volvement by panels of experienced ra-
diologists will be required to better de-
fine the optimal performance targets ap-
propriate to the U.S. health care
environment.
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