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Purpose: To develop criteria to identify thresholds for the minimally 
acceptable performance of physicians interpreting diag-
nostic mammography studies.

Materials and 
Methods:

In an institutional review board–approved HIPAA–compli-
ant study, an Angoff approach was used to set criteria for 
identifying minimally acceptable interpretive performance 
for both workup after abnormal screening examinations 
and workup of a breast lump. Normative data from the 
Breast Cancer Surveillance Consortium (BCSC) was used 
to help the expert radiologist identify the impact of cut 
points. Simulations, also using data from the BCSC, were 
used to estimate the expected clinical impact from the 
recommended performance thresholds.

Results: Final cut points for workup of abnormal screening ex-
aminations were as follows: sensitivity, less than 80%; 
specificity, less than 80% or greater than 95%; abnormal 
interpretation rate, less than 8% or greater than 25%; 
positive predictive value (PPV) of biopsy recommendation 
(PPV2), less than 15% or greater than 40%; PPV of biopsy 
performed (PPV3), less than 20% or greater than 45%; 
and cancer diagnosis rate, less than 20 per 1000 inter-
pretations. Final cut points for workup of a breast lump 
were as follows: sensitivity, less than 85%; specificity, 
less than 83% or greater than 95%; abnormal interpreta-
tion rate, less than 10% or greater than 25%; PPV2, less 
than 25% or greater than 50%; PPV3, less than 30% or 
greater than 55%; and cancer diagnosis rate, less than 40 
per 1000 interpretations. If underperforming physicians 
moved into the acceptable range after remedial training, 
the expected result would be (a) diagnosis of an additional 
86 cancers per 100 000 women undergoing workup after 
screening examinations, with a reduction in the number 
of false-positive examinations by 1067 per 100 000 women 
undergoing this workup, and (b) diagnosis of an additional 
335 cancers per 100 000 women undergoing workup of a 
breast lump, with a reduction in the number of false-pos-
itive examinations by 634 per 100 000 women undergoing 
this workup.

Conclusion: Interpreting physicians who fall outside one or more of the 
identified cut points should be reviewed in the context of 
an overall assessment of all their performance measures 
and their specific practice setting to determine if remedial 
training is indicated.
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radiologists included the following: (a) 
That they had interpreted mammo-
grams for at least 10 years, (b) that 
they had devoted 75% or more of their 
practice to breast imaging, and (c) that 
they had either more than 15 years of 
experience interpreting mammograms 
or had completed fellowship training 
in breast imaging. We used profes-
sional contacts associated with the 
Breast Cancer Surveillance Consortium 
(BCSC) (13) to identify 11 radiologists 
who met the eligibility criteria and who 
were able to attend a 1-day meeting in 
September 2011, which was held in Se-
attle, Washington. Expert radiologists 
reviewed and signed consent forms and 
completed a brief survey of their de-
mographic and practice characteristics 
at the 1-day meeting. Seven of the 11 
expert radiologists participated in our 
previous study (12) in which we set 
criteria for low performance in inter-
preting screening mammography stud-
ies. Two radiologists were members of 
the BCSC, and none were in practice 
together.

rates, higher positive predictive values 
(PPVs), and higher cancer diagnosis 
rates (7). Combining both screening 
and diagnostic mammography audits 
concurrently requires mathematic ex-
trapolation to assure the integrity of 
the audit (10). Proficiency in screen-
ing mammography does not necessar-
ily equate to proficiency in diagnostic 
mammography (11).

Thresholds to identify minimally 
acceptable interpretive performance in 
terms of sensitivity, specificity, abnor-
mal interpretation rate, PPVs, and can-
cer diagnosis rate have been published 
for screening mammography (12), but 
these have not yet been established for 
diagnostic mammography. Identifying 
low performers who might benefit from 
additional training should lead to more 
accurate and cost-effective diagnostic 
mammography. Our purpose was to de-
velop criteria to identify thresholds for 
the minimally acceptable performance 
of physicians interpreting diagnostic 
mammography studies.

Materials and Methods

Recruitment of Expert Radiologists
The institutional review board at Or-
egon Health and Science University 
approved all study activities. Selec-
tion criteria for expert breast imaging 

D iagnostic mammography is used 
to work up patients with abnor-
mal findings on screening mam-

mograms and to evaluate patients with 
either self-detected or clinically detect-
ed breast abnormalities (1). The Mam-
mography Quality Standards Act (2) 
requires each breast imaging facility in 
the United States to establish a system 
to record medical outcomes data. The 
current requirements are limited to 
correlations between biopsies recom-
mended after mammography and pa-
thology outcomes from biopsy but do 
not discriminate between screening and 
diagnostic mammography. Substantially 
different benchmarks for performance 
of screening (3) and diagnostic (4) 
mammography have been published, 
and several studies have provided audit-
ing outcomes for diagnostic mammog-
raphy (5–8). Diagnostic mammography 
audits demonstrate higher sensitivity 
and lower specificity compared with 
screening performance measures (9), as 
well as higher abnormal interpretation 

Implication for Patient Care

nn If underperforming physicians 
moved into the acceptable range 
after remedial training, we would 
expect (a) diagnosis of an addi-
tional 86 cancers per 100 000 
women undergoing workup after 
screening examinations, with a 
reduction in the number of false-
positive examinations by 1067 
per 100 000 women undergoing 
this workup, and (b) diagnosis of 
an additional 335 cancers per 
100 000 women undergoing 
workup of a breast lump, with a 
reduction in the number of false-
positive examinations by 634 per 
100 000 women undergoing this 
workup.

Advances in Knowledge

nn Final cut points for workup of 
abnormal mammographic 
screening examinations were as 
follows: sensitivity, less than 
80%; specificity, less than 80% 
or greater than 95%; abnormal 
interpretation rate, less than 8% 
or greater than 25%; positive 
predictive value (PPV) of biopsy 
recommendation (PPV2), less 
than 15% or greater than 40%; 
PPV of biopsy performed (PPV3), 
less than 20% or greater than 
45%; and cancer diagnosis rate, 
less than 20 per 1000 
interpretations.

nn Final cut points for workup of a 
breast lump were as follows: sen-
sitivity, less than 85%; specificity, 
less than 83% or greater than 
95%; abnormal interpretation 
rate, less than 10% or greater 
than 25%; PPV2, less than 25% 
or greater than 50%; PPV3, less 
than 30% or greater than 55%; 
and cancer diagnosis rate, less 
than 40 per 1000 interpretations.

Published online before print
10.1148/radiol.12121216  Content code: 
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was done in phase I, with the mean, 
median, mode, and range presented at 
each round of scoring until consensus 
was achieved, which occurred in four 
rounds.

To calculate the normative statistics, 
we used data from the BCSC. Each BCSC 
registry and the Statistical Coordinating 
Center (at the Group Health Research 
Institute, Seattle, Wash) have received 
institutional review board approval for 
either active or passive consenting pro-
cesses or a waiver of consent to enroll 
participants, link data, and perform an-
alytic studies. All procedures are Health 
Insurance Portability and Accountability 
Act–compliant, and all registries and 
the Statistical Coordinating Center have 
received a Federal Certificate of Confi-
dentiality and other protection for the 
identities of the women, physicians, and 
facilities that are the subjects of this 
research. Data from the BCSC have 
contributed to more than 400 publica-
tions (http://breastscreening.cancer.gov 

phase I and then phase II before the next 
indicator was scored. Sensitivity and can-
cer diagnosis rates both involved deriving 
one cut point (with low performers being 
below it), while specificity, abnormal in-
terpretation rate, PPV2, and PPV3 all in-
volved setting upper and lower bounds, 
where low performance would be beyond 
the range between the lower bound and 
the upper bound cut points.

Presentation of normative data has 
been used about 25% of the time when 
Angoff methods are applied and has 
been shown to improve interexpert re-
liability (14). In phase II, the experts 
were shown normative data on perfor-
mance from a community-based sample 
of interpreting physician participants of 
the BCSC (13). This allowed us to il-
lustrate the impact proposed cut points 
might have on mammography practice 
(eg, how many interpreting physicians 
might be considered for additional 
training). The process of scoring the 
cut points was repeated in phase II as 

Modified Angoff Criterion-referenced 
Approach
As we did when developing criteria 
for screening mammography (12), we 
used a modified Angoff approach in two 
phases (14–16) for diagnostic mam-
mography performed for both workup 
of abnormalities found at screening 
examinations and workup of breast 
lumps. The Angoff method is a crite-
rion-referenced method of standard 
setting (17,18). It is the most com-
monly used approach in licensing and 
certification examinations in medicine 
(17,18), and intraclass correlation co-
efficients have been high, at 0.81 and 
0.82 (19), illustrating its robustness as 
a criterion-setting method. We used 
a modified approach, insofar as we 
presented normative data during the 
decision process of identifying perfor-
mance cut points (14) for both types of 
diagnostic mammography, which were 
considered separately. The experts 
agreed on standard definitions for these 
performance measures before scoring 
began (Table 1). In phase I, the group 
of 11 expert radiologists considered the 
interpretive performance of a hypo-
thetical pool of 100 interpreting physi-
cians. Working independently, experts 
conveyed their cut points for achieving 
“minimally acceptable” performance for 
each measure (sensitivity, specificity, 
abnormal interpretation rate, PPV of 
biopsy recommendation [PPV2], PPV of 
biopsy performed [PPV3], and cancer 
diagnosis rate) by anonymously provid-
ing scores, which were immediately tal-
lied and summarized according to the 
mean, median, mode, and range and 
were then presented to the group. The 
radiologists were informed that perfor-
mance that fell outside the cut points 
would result in that interpreting physi-
cian being considered for recommenda-
tion for additional training.

A nonradiologist facilitator with rele-
vant expertise using the Angoff approach 
(P.A.C.) facilitated the discussion, after 
which votes for minimally acceptable per-
formance were recast. This was repeated 
until agreement on cut points for the 
hypothetical group of interpreting phy-
sicians was achieved. Each performance 
indicator was considered separately for 

Table 1

Diagnostic Mammography Definitions Used for Angoff Scoring Criteria

Examination or Performance Measure Definition

Diagnostic mammography A Unilateral or bilateral mammography performed in women for  
workup of a prior abnormal screening mammography result

Diagnostic mammography B Unilateral or bilateral mammography performed in women for  
workup of a breast lump

Sensitivity Ability of a test to find a cancer when it is present [TP/(TP + FN)]
Specificity Ability of a test to determine that cancer is absent when a patient  

is cancer-free [TN/(TN + FP)]
Abnormal interpretation rate Proportion of diagnostic mammography studies given a  

positive final assessment (BI-RADS category 4 or 5)  
[(TP + FP)/(TP + FP + TN + FN)

PPV2 Proportion of diagnostic mammography studies with a  
recommendation for biopsy (BI-RADS category 4 or 5)  
resulting in a diagnosis of breast cancer [TP/(TP + FP)]

PPV3 Proportion of diagnostic mammography studies with a biopsy 
performed (BI-RADS category 4 or 5) resulting in a diagnosis  
of breast cancer [TP/(TP + FP)]

Cancer diagnosis rate Number of diagnostic mammography studies with a positive  
final assessment and diagnosis of breast cancer per 1000  
mammograms

Note.— BI-RADS = Breast Imaging Reporting and Data System (20). FN = false-negative on the basis of final assessment at the 
end of imaging workup, where BI-RADS categories 1, 2, and 3 are considered negative and cancer is found within 365 days. FP 
= false-positive on the basis of final assessment at the end of imaging workup, where BI-RADS categories 4 and 5 are 
considered positive (unresolved 0s are considered missing) and no cancer is found within 365 days. TN = true-negative on the 
basis of final assessment at the end of imaging workup, where BI-RADS categories 1, 2, and 3 are considered negative and no 
cancer is found within 365 days. TP = true-positive on the basis of final assessment at the end of imaging workup, where BI-
RADS categories 4 and 5 are considered positive (unresolved 0s are considered missing) and cancer is found within 365 days.
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screening examination and a cancer 
status for each woman based on a prev-
alence of 46 cancers per 1000 women 
(3,4). Similarly, we created a simulated 
cohort of 1 million women undergoing 
diagnostic mammography for workup of 
a breast lump with cancer status based 
on a prevalence of 67 cancers per 1000 
women. For each simulated woman, 
we chose one of the actual BCSC study 
interpreting physicians, with the se-
lection probability proportional to the 
physician’s interpretive volume, and 
then randomly generated a mammo-
graphic result given the simulated wom-
an’s cancer status and the physician’s 
own observed diagnostic performance 
measures. We also simultaneously gen-
erated a second mammographic result 
for each woman associated with the 
same chosen interpreter to simulate 
the retraining of low performers. If the 
interpreter’s observed performance 
measure was in the acceptable range, 
then the second mammographic result 
was identical to the first. If not, the 
relevant performance measure was re-
placed with a value from a randomly 
chosen interpreter with an observed 
value in the acceptable range. We ta-
bled both test results against cancer 
status for our simulated cohorts and 
compared the number of true-positive 
and false-positive tests. The simulation 
was performed by using the R statistical 
software package (21).

Results

The demographic and practice charac-
teristics of the 11 breast imaging ex-
perts are shown in Table 2. The mean 
age of the expert group was 55 years, 
and 55% of the experts were men. 
They worked in relatively large medical 
practices and spent, on average, 95% of 
their time in breast imaging. Forty-five 
percent were fellowship trained. Im-
portantly, equal percentages of experts 
represented academic and community-
based practices.

The number of rounds of scoring 
needed to come to agreement ranged 
from two to three in phase I and was 
one or two in phase II. Summary 
scores for each of the two phases are 

registry ascertainment and years of 
participation in the BCSC. The earliest 
5 years for a registry were 2000–2004, 
and the latest 5 years were 2004–2008. 
For some measures, we also required 
higher volume criteria for a radiologist 
than the normative statistics to provide 
stable results. The minimum number of 
diagnostic mammography studies after 
which patients were recalled for PPV2 
increased from 10 to 30. For PPV3, the 
minimum number of biopsies after a 
positive mammography study increased 
from 10 to 30 for workup of an abnor-
mal screening examination and from 10 
to 20 biopsies for evaluation of a breast 
lump. The number of diagnostic mam-
mography studies required for abnor-
mal interpretation rate increased from 
10 to 100. These were calculated sepa-
rately for each specific cut point.

Determining Interrelationships among 
Performance Measures
The performance measures we exam-
ined are interrelated, and these inter-
relationships must be considered when 
setting cut points. For example, the cut 
points for abnormal interpretation rate 
and specificity and were determined 
together, because these measures are 
very closely related, as the majority of 
women undergoing diagnostic mam-
mography do not turn out to have can-
cer. The difference between an inter-
preting physician’s false-positive rate (1 
2 specificity) and abnormal interpre-
tation rate is bounded by the cancer 
rate, which is relatively low, even in a 
population undergoing diagnostic mam-
mography (approximately 30 cancers 
per 1000 examinations). Similarly, a 
given abnormal interpretation rate and 
PPV result in a specific cancer diagnosis 
rate, so the cut points need to be con-
sidered together.

Simulation Analysis
Using BCSC normative data, we con-
ducted a statistical simulation to ex-
amine the impact of moving lower-
performing physicians’ performance 
measures into the acceptable range. We 
created a simulated cohort of 1 million 
women undergoing diagnostic mam-
mography for workup of an abnormal 

/publications/search.html). The specific 
data in this analysis will partially overlap 
with those in some of these publications.

For normative data, we included 
diagnostic mammography studies that 
were performed either for workup af-
ter an abnormal screening examination 
or for evaluation of a breast lump and 
that were interpreted at a BCSC facil-
ity from 2003 to 2007. Mammograms 
were linked to cancer registries and 
pathology databases to determine can-
cer status (ductal carcinoma in situ or 
invasive carcinoma) within 1 year of 
the mammogram. We calculated the 
percentile distributions across radiol-
ogists for each performance measure. 
We restricted the analysis to those who 
contributed at least a subjectively de-
termined minimum number of cases for 
each performance measure. For sensi-
tivity, we included those who had inter-
preted a minimum of 10 mammographic 
studies associated with a cancer diag-
nosis. Radiologists who had interpreted 
at least 100 mammographic studies 
that did not show cancer contributed 
to the analysis of specificity. To contrib-
ute to the analysis of PPV2, radiologists 
needed to have recalled patients after a 
positive result for at least 10 diagnostic 
mammography studies, and for PPV3, 
radiologists needed to have had bi-
opsies performed after a positive mam-
mogram for at least 10 studies. Radiolo-
gists needed to have interpreted at least 
10 diagnostic mammography studies 
for abnormal interpretation rate and 
at least 100 diagnostic mammography 
studies for cancer diagnosis rate. We 
displayed the frequency distributions 
overlaid with percentile values to dis-
play these data in an easily understand-
able format.

We also used BCSC data to de-
termine the percentage of radiologists 
and facilities that would be affected 
by the cut points identified. Here, the 
BCSC data were similar to those used 
to calculate normative statistics, ex-
cept the most recent 5 years of data 
(which varied according to registry) 
were used instead of 2003–2007 data 
for all registries. This was done to in-
clude 5 years of data for each registry 
where available data varied by cancer 
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an abnormal screening examination, 
45 439 had breast cancer. The number 
of cancers we estimated that would be 
correctly recalled for biopsy increased 
from 40 772 to 41 636 in the simulated 
cohort as a result of the effect of ad-
ditional training for low-performing 
interpreters that improved their per-
formance to acceptable levels; likewise, 
false-positive biopsy recommendations 
decreased from 114 481 to 103 809. On 
the basis of these estimates, if we could 
move currently underperforming inter-
preters into the acceptable range, we 
would expect the earlier detection of 
approximately 86 cancers per 100 000 
women and a reduction in the number 
of false-positive examinations by 1067 
per 100 000 women. In our simulated 
cohort of 1 million women undergoing 
diagnostic mammography for workup 
of a breast lump, 66 795 had breast 
cancer. The number of cancers we esti-
mated that would be correctly recalled 
for biopsy increased from 59 207 to 
62 555 as a result of effective additional 
training for low-performing interpreters 
that brought their performance to ac-
ceptable levels; likewise, false-positive 
biopsy recommendations decreased 
from 102 077 to 95 738. On the basis of 
these estimates, if we could effectively 
shift currently underperforming inter-
preters into the acceptable range, we 
would expect the earlier detection of 

diagnostic mammography performed 
for workup after abnormal screening 
examinations, sensitivity less than 80%, 
specificity less than 80% or greater 
than 95%, abnormal interpretation 
rate less than 8% or greater than 25%, 
PPV2 less than 15% or greater than 
40%, PPV3 less than 20% or greater 
than 45%, and cancer diagnosis rate 
less than 20 per 1000 interpretations. 
Final cut points to identify low perfor-
mance for diagnostic mammography 
performed for workup of a breast lump 
were sensitivity less than 85%, specific-
ity less than 83% or greater than 95%, 
abnormal interpretation rate less than 
10% or greater than 25%, PPV2 less 
than 25% or greater than 50%, PPV3 
less than 30% or greater than 55%, 
and cancer diagnosis rate less than 40 
per 1000 interpretations. The selected 
cut points for performance measures 
would likely result in 16%–34% of in-
terpreting physicians and 11%–24% of 
facilities being considered for additional 
training in diagnostic mammography 
following abnormal screening examina-
tions and 21%–42% of radiologists and 
14%–54% of facilities being considered 
for additional training in diagnostic 
mammography performed to evaluate a 
breast lump.

Last, in our simulated cohort of 1 
million women undergoing diagnos-
tic mammography for workup after 

illustrated in Table 3. The ranges of 
cut point scores in phase I were lower 
and generally wider than in phase II. 
The ranges were highest for sensitivity, 
specificity, and PPV and were lowest for 
abnormal interpretation and cancer di-
agnosis rates in phase I and phase II.

Table 4 illustrates normative perfor-
mance data for diagnostic mammogra-
phy performed for workup after abnor-
mal screening examinations and that 
performed to evaluate breast lumps for 
between 91 and 459 radiologist partic-
ipants in the BCSC who interpreted 
diagnostic mammography studies be-
tween 2003 and 2007 and who met 
or exceeded case volume criteria for 
that particular performance measure. 
Benchmarks for abnormal interpreta-
tion rate are based on 119 851 diagnos-
tic mammography studies performed 
for workup after an abnormal screening 
examination and 46 682 mammography 
studies performed for evaluation of a 
breast lump among radiologists who 
interpreted at least 10 mammography 
studies. Benchmarks for sensitivity are 
based on 4110 cancers diagnosed within 
1 year of diagnostic mammography 
performed for workup after an abnor-
mal screening examination and 2258 
cancers diagnosed within 1 year after 
mammography performed for evalua-
tion of a breast lump.

For diagnostic mammography per-
formed for workup after abnormal 
screening examinations, normative 
data for performance measures of 
sensitivity ranged from 30% to 100%, 
with 90% as the median. Specificity 
ranged from 66.4% to 98.4%, with a 
median of 89.7%. Abnormal interpre-
tation rate ranged from 0% to 63.6%, 
with a median of 13.7%. For diagnostic 
mammography performed for workup 
of a breast lump, normative data for 
the performance measure of sensitiv-
ity ranged from 46.2% to 100%, with 
90% as the median. Specificity ranged 
from 66.8% to 98.7%, with a median 
of 90.1%. Abnormal interpretation rate 
ranged from 0% to 50%, with a median 
of 15.3%.

Table 5 lists the final cut points 
for low performance derived from the 
study’s two phases, which included, for 

Table 2

Characteristics of 11 Radiologists Involved in Setting Criteria

Characteristic Datum

Sex
  Male 55
  Female 45
Age (y)* 55.3 6 10.1 (43–69)
Practice setting
  University 45
  Community based 45
  Community based with university affiliation 9
No. of radiologists in practice group* 37.5 6 22.4 (5–70)
No. of radiologists in practice group who interpret breast imaging studies* 7.8 6 5 (3–16)
Completed fellowship training in breast imaging 45
Estimated percentage of clinical time spent in breast imaging 95.5% 6 9.0 (70%–100%)

Note.—Unless otherwise specified, data are percentages.

* Data are means 6 standard deviations, with ranges in parentheses.
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Table 3

Scoring Summary for Phase I and Phase II

Measure

After Abnormal Screening  
Mammography Study Workup of Breast Lump

Phase I  
(Before  
Normative Data 
Presented)

Phase II  
(After 
Normative Data 
Presented)

Phase I  
(Before  
Normative Data 
Presented)

Phase II  
(After  
Normative Data 
Presented)

Sensitivity
  Mean 81.5 80.9 84.1 86.8
  Mode 80.0 80.0 85.0 85.0
  Range 78–88 80–82 80–91 83–92
Specificity
  Upper bound
    Mean 90.5 93.2 93.6 95.1
    Mode 95.0 95.0 95.0 95.0
    Range 80–95 90–95 85–96 95–96
  Lower bound
    Mean 79.1 80.9 83.5 85.0
    Mode 80.0 80.0 85.0 85.0
    Range 70–90 75–85 80–85 85–85
Abnormal interpretation  

    rate
  Upper bound
    Mean 23.9 22.3 28.2 28.2
    Mode 20.0 20.0 30.0 30.0
    Range 18–40 20–25 20–30 20–30
  Lower bound
    Mean 9.0 9.7 10.0 10.0
    Mode 10.0 10.0 10.0 10.0
    Range 5–12 5–15 10–10 10–10
PPV2

  Upper bound
    Mean 39.4 39.5 48.4 48.2
    Mode 40.0 40.0 45.0 50.0
    Range 20.1–50 35–40 40–65 45–55
  Lower bound
    Mean 17.6 15.5 25.5 25.0
    Mode 15.0 15.0 25.0 25.0
    Range 15–25 15–20 17–35 25–30
PPV3

  Upper bound
    Mean 41.8 44.7 54.5 55.0
    Mode 40.0 45.0 55.0 55.0
    Range 35–45 42–45 50–55 50–60
  Lower bound
    Mean 18.5 19.3 29.5 28.5
    Mode 20.0 20.0 30.0 30.0
    Range 12–20 18–20 25–30 25–30
Cancer diagnosis
  Lower bound
    Mean 23.9 21.1 41.8 39.5
    Mode 25.0 20.0 45.0 40.0
    Range 20–28 20–25 25–50 30–45

 

approximately 335 cancers per 100 000 
women and a reduction in the number 
of false-positive biopsy recommenda-
tions by 634 per 100 000 women.

Discussion

The final criterion set for “low per-
formers” was less than 80% sensitivity 
for follow-up of abnormal screening 
examinations and less than 85% for 
follow-up of a breast lump. Published 
median benchmarks for diagnostic mam-
mography (4) also involve abnormal in-
terpretation rate (8.0%), PPV2 (31.5%), 
PPV3 (39.5%) and cancer diagnosis rate 
(25.3 per 1000 examinations). The crite-
ria set for most measures included both 
an upper and a lower bound. Lower 
bounds for abnormal interpretation rate 
were similar to median benchmarks but 
were substantially lower for PPV2, PPV3, 
and cancer diagnosis rate for workup 
after abnormal screening examinations 
compared with diagnostic benchmarks. 
The upper bounds were much higher for 
abnormal diagnostic interpretation rate 
for both workup after abnormal screen-
ing examinations and workup of breast 
lumps. For PPV2, PPV3, and cancer diag-
nosis rate, the ranges between the lower 
and upper bounds indicate that the cut 
points were chosen to define the limits 
of acceptable performance rather than 
the measures of average performance.

A critical caveat is that performance 
outside one cut point should be consid-
ered within the specific practice setting 
and overall assessment of all perfor-
mance measures (22). For example, 
certain combinations of performance 
outcomes, such as high cancer diagno-
sis rate combined with a below-lower-
bound abnormal interpretation rate 
might not warrant a recommendation 
for additional training. Also, new inter-
preters may have higher abnormal in-
terpretation rates for a number of years 
before they establish a stable practice 
pattern (23). Emerging research shows 
that improved performance appears 
to be related more to the combina-
tion of both screening and diagnostic 
mammography study interpretation 
than to the interpretive volume alone 
(24). This suggests that to identify low 
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performers, it will be important to con-
sider low performers in both screening 
and diagnostic mammography.

Performance measures may be af-
fected by many factors, such as differ-
ences in patient populations and a low 
number of cancers diagnosed. In phase 
II of this study, we set volume criteria 
that increased the stability of the rates 
for performance measures in the nor-
mative data. For example, for sensitiv-
ity, we included radiologists who inter-
preted a minimum of 10 mammography 
studies associated with a cancer diag-
nosis. Performance measures also may 
be affected if interpreting physicians 
use BI-RADS assessment categories in 
a manner inconsistent with the guid-
ance provided in the BI-RADS atlas 
(20). Such unintended use has been 
documented (25).

For outcome measures that reflect 
“true-positive performance” (cancer di-
agnosis rate and sensitivity), we did not 
select an upper bound for acceptability 
because the primary goal of diagnostic 
breast imaging is to identify as many 
cases of breast cancer as possible. 
However, for the outcome measures 
that reflect false-positives (abnormal 
interpretation rate, specificity) and 
the PPVs, we selected both an upper 
and a lower bound for acceptability. 
This is because too high an abnormal 
interpretation rate, which typically re-
sults in a low PPV and specificity, may 
indicate an excessive number of abnor-
mal assessments, resulting in increased 
false-positives and a low probability of 
diagnosing cancer among women with a 
positive assessment. Similarly, too low 
an abnormal interpretation rate, typi-
cally resulting in a high PPV and speci-
ficity, may indicate infrequent abnormal 
assessments, resulting in too low a can-
cer diagnosis rate and too high a PPV 
among women with a positive assess-
ment. Some false-positive examinations 
are necessary in diagnostic mammog-
raphy because the mammographic fea-
tures of early breast cancer may overlap 
with benign mammographic changes.

A substantial percentage (16%–
42%) of BCSC interpreting physicians 
appear to fall outside one of our six de-
rived cut points, and these physicians are Ta
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