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Abstract

Rationale and Objectives—Evidence is inconsistent about whether radiologists' interpretive 

performance on a screening mammography test set reflects their performance in clinical practice. 

This study aimed to estimate the correlation between test-set and clinical performance and 

determine if the correlation is influenced by cancer prevalence or lesion difficulty in the test set.

Materials and Methods—This institutional review board–approved study randomized 83 

radiologists from six Breast Cancer Surveillance Consortium registries to assess one of four test 

sets of 109 screening mammograms each; 48 radiologists completed a fifth test set of 110 

mammograms 2 years later. Test sets differed in number of cancer cases and difficulty of lesion 

detection. Test-set sensitivity and specificity were estimated using woman-level and breast-level 

recall with cancer status and expert opinion as gold standards. Clinical performance was estimated 

using women-level recall with cancer status as the gold standard. Spearman rank correlations 

between test-set and clinical performance with 95% confidence intervals (CI) were estimated.

Results—For test sets with fewer cancers (N=15) that were more difficult to detect, correlations 

were weak-to-moderate for sensitivity (woman-level=0.46, 95%CI=0.16, 0.69; breast-level=0.35, 

95%CI=0.03, 0.61) and weak for specificity (0.24, 95%CI=0.01, 0.45) relative to expert recall. 

Correlations for test sets with more cancers (N=30) were close to zero and not statistically 

significant.

Conclusions—Correlations between screening performance on a test set and performance in 

clinical practice are not strong. Test set performance more accurately reflects performance in 

clinical practice if cancer prevalence is low and lesions are challenging to detect.

Keywords

Screening mammography; interpretive performance; test sets

Introduction

The interpretive performance of screening mammography varies extensively among U.S. 

radiologists.1,2 Given U.S. radiologist have relatively low interpretive volume, on average,3,4 

and often do not work-up their own recalled cases,5 they have limited opportunities to know, 

directly or indirectly, whether women they recalled or did not recall on screening 

mammograms experienced benign or malignant outcomes. A test set of selected 

mammography images could be an efficient method to assess radiologists' skill level and to 

identify potential opportunities for improvement. Additionally, test sets could help 

radiologists meet Part 2 of the American Board of Radiology's Maintenance of Certification 

requirements (Lifelong-learning and Self-assessment).6

Findings from prior studies are inconsistent about whether interpretive performance on 

screening mammography test sets is correlated with performance in clinical practice, 
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possibly due to small samples (of radiologists and/or images) and variability in test set 

composition, performance measures evaluated, and statistical approaches used.7-9 In a study 

of 27 U.S. radiologists who interpreted a test set of 113 film screening mammography 

examinations (30 with cancer), Rutter and Taplin9 found moderate correlation between the 

specificity of screening mammography interpreted in clinical and test settings (0.41; 95% 

Bayesian credible interval (BCI) 0.16, 0.62), but no evidence of correlation between clinical 

and test-set sensitivity (-0.18, 95% BCI -0.27, 0.59). In contrast, Soh et al.7 found 

significant, moderate correlations of 0.30-0.57 between several clinical audit measures and 

two test set measures (location sensitivity and Jackknifing free response operating 

characteristic figure-of-merit) of 60 cases (20 with cancer) read by 20 radiologists, but no 

correlation with test set specificity. Similarly, Scott et al.8 found significant, moderate 

correlations of 0.29-0.41 between several performance measures on the PERFORMs test set 

and clinical performance among 39 readers in the UK. None of these prior studies evaluated 

the influence of breast cancer prevalence or lesion difficulty on the strength of the 

correlations.

In this study, we created five tests sets with different cancer prevalence and varying levels of 

difficulty detecting cancerous lesions. We sought to determine whether performance on the 

test set was correlated with performance in clinical practice, and whether these associations 

depend on cancer prevalence or difficulty.

Material and Methods

Study Population

Radiologists interpreting mammography at facilities participating in one of six Breast 

Cancer Surveillance Consortium (BCSC) registries between January 2005 and December 

2006 were invited to participate as part of a larger randomized trial that also included non-

BCSC radiologists.10 Participating BCSC registries included the Carolina Mammography 

Registry, Group Health Surveillance Registry in Washington State, New Hampshire 

Mammography Network, San Francisco Mammography Registry, New Mexico 

Mammography Project, and Vermont Breast Cancer Surveillance System. Because this study 

required an estimate of clinical performance, we only included radiologists with at least 10 

screening mammograms with cancer for estimating sensitivity and/or 100 screening 

mammograms without cancer for estimating specificity in the BCSC database. A total of 83 

radiologists with a sufficient number of screening mammograms for estimating clinical 

performance completed at least one test set.

Each site received Institutional Review Board approval for study activities. Informed consent 

was obtained from radiologists participating in the study. Active or passive consent and/or 

waivers of consent were obtained from women receiving mammograms at a BCSC facility. 

All procedures complied with the Health Insurance Portability and Accountability Act. 

Identities of women, physicians, and facilities are protected by a Federal Certificate of 

Confidentiality and other protections. Radiologists received up to eight free Category I 

continuing medical education credits for interpreting a test set.
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Test Set Development

We developed five test sets, each with 110 cases. For test sets 1-4, one case was incorrectly 

uploaded into the system, leaving 109 cases for analysis. Test sets 1-4 shared 91 cases. Test 

set 5 shared 58 normal exams without cancer with one of the first four test sets.

Test set development is described in detail elsewhere.11 Briefly, we sampled 314 screening 

mammograms performed at a BCSC facility from 2000-2003 on women aged 40-69 years 

who also had a previous mammogram within the prior 11-30 months for use as comparison. 

We excluded exams performed on women with a history of breast cancer, mastectomy 

and/or breast augmentation. Each test-set case consisted of craniocaudal and mediolateral 

oblique views of each breast with comparison views from the prior 11-30 months.

American College of Radiology (ACR) staff digitized the film-screen mammography 

images. We created an expert panel of three senior breast-imaging specialists who taught at 

academic medical centers.12 Each expert independently reviewed the digitized images using 

custom-designed software while blinded to the woman's cancer status, and indicated whether 

the woman should be recalled. Examinations of insufficient quality or with marks were 

flagged for exclusion. For recalled images, experts classified the most significant finding as 

a mass, calcification, asymmetrical density, or architectural distortion and assigned a level of 

difficulty of identifying the lesion as obvious, intermediate, or subtle. Consensus expert 

opinion was taken to be the agreement of at least two of three experts for each measure and 

the remaining examinations were resolved during a consensus meeting.12

The test sets differed by cancer prevalence and case difficulty (Table 1). Test sets 1, 2, and 5 

had lower cancer prevalence (15 cancer cases) than test sets 3 and 4 (30 cancer cases). 

Cancer cases in test sets 2, 4, and 5 were more challenging, with 33% considered subtle and 

20% considered obvious by the experts, compared to tests sets 1 and 3, which had 13% 

considered subtle and 33% considered obvious.

Radiologists' Interpretive Performance on the Test Set

The 83 radiologists were evaluated using one of four test sets from July 2008 to August 

2009; 48 of these radiologists also completed the fifth test set from June 2010 to January 

2011. Radiologists completed a brief questionnaire of their personal characteristics before 

starting the test set. For the first test set round, radiologists participating in this study were 

randomized along with radiologists from the larger study to one of the four test sets using a 

block randomization scheme with stratification by BCSC registry and number of breast 

cancer cases in the BCSC database (less than versus at least 30 cases). As part of the larger 

study, all radiologists who took one of the first four test sets were invited to participate in a 

randomized controlled trial of two educational interventions, either a live seminar or a 

DVD.10 The intervention groups were invited to take test set 5 after the intervention was 

completed and the control group was sent the intervention DVD after completing test set 5.

Radiologists took the test sets, which were sent to them on a DVD, using a computer of their 

choice, or a laptop provided by the study, with display requirements that allowed viewing 

two images concurrently with sufficient resolution relative to the state-of-the art technology 

available at that time. The display requirement for a desktop PC was a screen at least 17-
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inches with a resolution of at least 1280 ×1024; a laptop needed to have at least a 15.4-inch 

screen with a resolution of 1440×900 or higher. Radiologists could magnify the images to 

inspect areas of interest.

Radiologists were instructed to interpret the images as they would in clinical practice, except 

to record only the most significant finding, if any. Radiologists were informed that the test 

sets had been cancer-enriched relative to a screening population but the cancer prevalence 

was not revealed. For each case, radiologists indicated whether they would recall or not 

recall the case, based on the ACR Breast Imaging Reporting and Data System (BI-RADS) 

4th edition lexicon definition: recall if assessment codes 0, 4 or 5; and no recall if assessment 

codes 1 or 2.13 For recalled cases, radiologists indicated the location by clicking on the 

image(s). Cancer cases were defined as women with a diagnosis of ductal carcinoma in situ 
or invasive carcinoma within 12 months of the screening examination. Non-cancer cases 

were defined as women without a cancer diagnosis for at least 24 months following the 

screen. Recalled cases without cancer were defined to be appropriate recalls if the expert 

panel determined additional imaging was necessary for a finding on the mammogram, 

because the chance of cancer based on the screening results was sufficiently high to 

necessitate further evaluation.

For the test set, sensitivity and specificity were calculated relative to two gold standards: 

cancer status and expert judgment of appropriate recall. Expert recall included true positives 

and false-positive recalls that the experts deemed appropriate to rule out cancer.11 For 

woman-specific sensitivity, a cancer case or screen recalled by the experts was considered a 

true positive if either breast was recalled. For breast-specific sensitivity, the radiologist had 

to recall the breast with the significant finding for it to be a true positive; otherwise, if the 

radiologist recalled the other breast, it was considered a false negative. Specificity was only 

measured at the woman-level because this is what is most clinically relevant – either the 

woman was recalled or not, regardless of which breast was recalled. For specificity, a non-

cancer case or screen not recalled by the experts was a false-positive if either breast was 

recalled and a true negative otherwise.

Clinical Performance on the Test Set Exams

For each screening exam included in the test sets, we recorded the clinical assessment. Of 

the 182 unique test set screening exams, 146 (80%) were interpreted clinically by 

radiologists who did not participate in this study. Mammograms were considered to be 

positive or negative at the woman-level based on the initial BI-RADS assessment using the 

ACR BI-RADS 4th edition definition of recall.13 We used the woman-level measure of recall 

because we often did not have separate clinical assessments for each breast. Cancer cases 
were defined using the same definition as for test set performance. Woman-level sensitivity 

and specificity were calculated relative to cancer status.

Radiologists' Interpretive Performance in Clinical Practice

For estimation of each radiologist's clinical performance, we included screening 

mammograms performed on women age 40 years or older. We excluded unilateral 

examinations and examinations performed within 9 months of a prior mammogram to avoid 
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classifying diagnostic exams as screening. We also excluded examinations performed on 

women with a history of breast cancer, mastectomy, or breast augmentation. For comparison 

with test sets 1-4, we included screening exams interpreted in the 3 years prior to the date 

the radiologist started the test set. For comparison with test set 5, we included screening 

exams interpreted within one-year post-intervention for the intervention groups and 1 year 

prior to the intervention for the control group.

For calculating clinical performance, mammograms were considered to be positive or 

negative at the woman-level based on the initial BI-RADS assessment using the ACR BI-

RADS 4th edition definition of recall.13 We used the woman-level measure of recall because 

we often did not have separate clinical assessments for each breast. Woman-level clinical 

sensitivity and specificity were calculated using cancer status as the gold standard. Cancer 
cases were defined as a diagnosis of ductal carcinoma in situ or invasive cancer within 12 

months of the screening examination and prior to the next screen. Otherwise, the case was 

considered not to have cancer.

Analysis

We compared mean test set interpretive performance to the performance of the same exams 

interpreted in clinical practice using the woman-level recall relative to cancer status. We 

estimated and compared mean test set and clinical performance by fitting logistic regression 

models using a three-step generalized estimating equations approach to account for 

correlation among examinations interpreted by the same radiologists and among radiologists 

interpreting the same examinations.14,15 For sensitivity, we modeled the probability of a 

positive assessment among cancer cases. For specificity, we modeled the probability of a 

negative assessment among non-cancer cases.

Separately for each test set, we estimated the association between each radiologist's 

performance on the test set to their interpretive performance in clinical practice using the 

Spearman rank correlation coefficient, which is a nonparametric measure of the association 

between the ranking of two variables. In other words, it measures whether radiologists who 

perform well on the test set relative to others also perform well relative to others in clinical 

practice. We considered a correlation of less than 0.2 to be very weak, 0.2-0.4 to be weak, 

0.4-0.6 to be moderate, and 0.6 or higher to be strong. We also calculated Spearman rank 

correlation coefficients combining test sets with the same cancer prevalence (Lower 

prevalence = test sets 1, 2, and 5 and higher prevalence = test sets 3 and 4) and with the same 

difficulty (less difficult cancers = test sets 1 and 3 and more difficult cancers = test sets 2, 4, 

and 5).

Results

Table 2 summarizes the characteristics of the participating radiologists. Only 6% self-

identified as breast imaging specialists and only 8% had fellowship training in breast or 

woman's imaging. Most were not affiliated with academic institutions (92%), and the 

majority (67%) interpreted mammograms for >10 years. More than half of participating 

radiologists (70%) reported working ≤3 days a week in breast imaging, and 60% reported 

interpreting an average of <100 mammograms per week.
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Table 3 shows the overall, woman-level sensitivity and specificity on each test set compared 

to performance for the same screening exams in clinical practice (80% of which were 

interpreted clinically by a radiologist who did not participate in this study) using cancer 

status as the gold standard. Sensitivity on the test sets ranged from 72%-83% and these 

values were not significantly different from the clinical sensitivity values for the same 

screens, which ranged from 73%-83% (p > 0.12 for all test sets). Specificity on the test sets 

ranged from 62%-69% compared to 47%-62% for the same screens interpreted in clinical 

practice; these differences in specificity were statistically significant for test sets 3 and 4 (p ≤ 

0.001) and borderline significant for test set 1 (p = 0.07).

eTable 1 shows the woman-level characteristics of the screening exams included in each test 

set and the 373,058 screens used to calculate the participating radiologists' clinical 

performance. Test-set exams had a younger age distribution by design, which also resulted in 

test-set exams having higher breast density. For measuring clinical performance, 87.6% of 

screens had a mammogram in the prior 1-2 years and 91% had comparison views available, 

compared to 100% of the screens included in the test sets by design. For the calculation of 

clinical specificity for comparison with test sets 1-4, the 83 participating radiologists 

interpreted an average of 3,554 screening mammograms without cancer (range 199 to 

15,576) during the three years prior to taking the test set; 58 of these radiologists with at 

least 10 cancer cases for calculation of sensitivity interpreted an average of 26 screening 

mammograms with breast cancer (range 10 to 88). For comparison with test set 5, 48 

radiologists interpreted an average of 1,580 screening mammograms without cancer (range 

139 to 4,378) within one-year post-intervention for the intervention groups and 1 year prior 

to the intervention for the control group of the larger study; 20 of these radiologists with 

sufficient cancer cases for calculation of sensitivity interpreted an average of 14 screening 

mammograms with breast cancer (range 10 to 30).

Figures 1 and 2 show each radiologist's sensitivity and specificity in clinical practice versus 

their own performance on the test set using expert recall as the gold standard. Clinical 

sensitivity and specificity tended to be higher and less variable across radiologists. Clinical 

sensitivity averaged 87% and varied from 65% to 100% across radiologists compared to an 

average sensitivity of 69% on the test set (range 42% to 90%); average specificity was 91% 

in clinical practice (range 72% to 98%) compared to an average of 74% on the test set (range 

30% to 97%). Combing data from all test sets, the Spearman rank correlations are very weak 

and not statistically significant (woman-level sensitivity correlation=0.15, 95% confidence 

interval (CI) = -0.08, 0.36, specificity correlation=0.14, 95% CI = -0.03, 0.30).

When evaluating correlations separately by test set, most correlations are not significantly 

greater than zero; however, confidence intervals are wide given the small number of 

radiologists who completed each test set (eTable 2). One exception is for test set 5, for which 

woman-level test-set sensitivity among cancer cases is significantly correlated with 

sensitivity in clinical practice (0.44, 95% CI = 0.0, 0.74, p=0.0496), and specificity among 

non-cancer test-set 5 cases was significantly, although weakly, correlated with specificity in 

clinical practice (0.29, 95% CI = 0.00, 0.53, p=0.048).
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Table 4 shows the Spearman rank correlations between test set and clinical performance 

grouping tests sets with the same number of cancer cases, the same lesion difficulty, or both. 

Correlations were highest for test sets with lower cancer prevalence, especially if the lesions 

were considered by the experts to be more difficult to detect. Correlations were weak-to-

moderate and significantly greater than zero for woman- and breast-level sensitivity among 

test-set cases recalled by the experts for test sets 2 and 5, which had 15 cancer cases with 

33% considered subtle and 47% considered intermediate difficulty to detect (Spearman rank 

correlation = 0.46, 95% CI = 0.16, 0.69 for woman-level and 0.35, 95% CI = 0.03, 0.61 for 

breast-level sensitivity). For these same test sets, correlations for specificity were also 

significantly greater than zero, though they were only weak (Spearman rank correlation = 

0.28, 95% CI 0.05, 0.48 among all non-cancer test set cases and 0.24, 95% CI 0.01, 0.45 

among cases not recalled by the experts).

Discussion

Our study is the first to explore the effect of test set composition, in terms of cancer 

prevalence and lesion difficulty, on the correlation between the interpretive performance of 

screening mammography on a test set versus performance in clinical practice. We found, at 

best, only weak-to-moderate correlations and these correlations only reached statistical 

significance for test sets with lower cancer prevalence, which is somewhat closer to the 

experience in clinical practice. Correlations were strongest when lower cancer prevalence 

was coupled with lesions that were challenging to detect.

The correlations we found were similar in magnitude to prior studies; however, studies differ 

in which performance measures were significantly correlated.7-9 Similar to Soh et al.,7 we 

found stronger correlations for sensitivity than for specificity. This is in contrast to Rutter 

and Taplin,9 who found moderate correlations for specificity but no evidence of correlation 

between clinical and test-set sensitivity. Scott et al.8 also found a significant, moderate 

correlation between clinical specificity and the “correct return to screen percentage” on the 

test set, but no significant correlation for their measure of sensitivity (correct recall 

percentage); however, they found significant correlations for other performance measures 

including positive predictive value, false-negative rate, and cancer detection rate. Taken 

together, these studies suggest that test sets may reflect clinical practice, but only 

moderately. No study has directly measured whether this level of correlation is strong 

enough to accurately identify radiologists who might benefit from additional training or 

specific areas for improvement.

We found stronger correlations with clinical performance with lower test set cancer 

prevalence (N=15 cancers or 14% versus N=30 cancers or 28%), and when cancerous 

lesions were difficult to detect. It seems reasonable that obvious cancers, i.e., cancers that 

most radiologists should easily detect, would not help discriminate between radiologists 

with different levels of interpretative performance. It is less clear why lower cancer 

prevalence would improve the correlations. In a study of 14 radiologists who interpreted 

tests sets of chest images with 5 different prevalence levels of lung abnormalities, Gur et al. 

found no effect of prevalence on performance measured by the area under the receiver 

operating characteristic curves;16 however, confidence that the abnormality of interest was 
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present was higher for test sets with lower prevalence.17 Evans, et al.18 found six 

radiologists missed 30% of 100 cancer cases that were “seeded” into clinical practice at a 

rate slow enough to maintain a 1% cancer prevalence, compared to only 12% when these 

same exams were interpreted on a test set for which 50% of the screens were cancers (a very 

high prevalence). The authors attribute this difference to the low cancer rate in clinical 

practice; however, this is difficult to confirm given the exams were interpreted in different 

settings.

We evaluated rank correlations between a radiologist's test set and clinical performance, 

because it is possible that a test set may accurately measure relative performance across 

radiologists, i.e., if some radiologists perform better or worse than others, even if they do not 

reflect the actual level of performance in clinical practice. Additionally, absolute (versus 

relative) performance on a test set will strongly depend on the test set composition, mostly 

the difficulty of the test set exams. Even when interpreting the same exams in a clinical 

practice versus on a test set, absolute performance measures may differ due to the setting. In 

a study of nine radiologists who interpreted 276-300 film-screen mammograms, Gur et al.19 

found that screening mammography performance was better and less variable in clinical 

practice than on the same examinations in a test set, but they did not assess whether test set 

performance reflected relative performance in clinical practice. In contrast, Soh et al.20 

compared the performance of ten radiologists interpreting 200 screening mammograms (up 

to 20 with cancer) both in clinical practice and on a test set, and they found good agreement 

if comparison images were available. Comparing performance on the same exams 

interpreted by different radiologists in different settings, we found test set sensitivity was 

slightly lower than, but not significantly different from, clinical sensitivity, but that that test 

set specificity was higher than clinical specificity, reaching statistical significance for two 

test sets. These small differences may be due to the films having been digitized and 

interpreted on a computer, which may have made both malignant and benign lesions less 

conspicuous in the test setting.

Test sets could be important mechanisms for meeting Maintenance of Certification 

Requirements of the American Board of Radiology, because they allow radiologists to 

understand how their interpretive performance compares to other radiologists and with a 

panel of experts. Test sets could also be useful for identifying specific areas for 

improvement, for example, based on lesion characteristics. Studies have shown that 

physicians do not change their behavior if they do not perceive there is a need to do so.21 

Thus, assessing radiologist skill levels and identifying areas for improvement is now a part 

of the Maintenance of Certification. In a screening environment, sensitivity and cancer 

detection rate are difficult to assess using clinical audits, because cancer is rare in a single 

clinical setting, and sufficient numbers of cancers with specific malignancy features are even 

rarer. It may take many years for a radiologist to interpret enough cancer cases to precisely 

estimate their sensitivity or cancer detection rate, or to identify specific opportunities for 

improvement. Additionally, most facilities cannot link screening mammograms to state or 

regional cancer registries to capture false negative exams, which are needed to calculate 

sensitivity and specificity. Test sets overcome the limitations of clinical audits by providing 

immediate feedback on a relatively large number and variety of cancer cases in a shorter 

period of time than possible in clinical practice. In addition, assessment in the clinical 
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setting over a duration of time sufficient to accumulate a large enough number of cancers 

could reflect performance over a period of time when interpretive skill was changing, 

whereas performance on a test set should reflect current skill levels, and thus, provide less 

ambiguous feedback.

In our study, an expert panel determined whether each case should be recalled for further 

work-up, regardless of true cancer status, creating a useful reference standard of 

“appropriate recall.” In screening, some mammographic signs need to be recalled to 

determine if they are cancer or not, and it may not be appropriate to penalize radiologists in 

their outcome measures for recalling these examinations for further evaluation if they turn 

out to be benign. It would be very challenging to determine, on a large scale, which recalled 

benign findings in a clinical setting were “appropriate.” Test sets can provide performance 

feedback on which benign findings did not need to be recalled based on lesion or other 

image characteristics, allowing radiologists to assess specific areas where they may benefit 

from additional training.

Our study has several limitations. We designed our study before the widespread diffusion of 

digital mammography; therefore, we professionally digitized films for inclusion in our test 

sets, which reduces image quality. In addition, test sets were interpreted using personal 

computers, which could have lower resolution and smaller field of view than clinical 

workstations. This may have compromised interpretation due to poorer image quality 

compared to that in clinical practice. All readers (and the experts) experienced the same 

limitation in image quality; however, it is possible that the overall reduction in image quality 

may have changed the magnitude of differences between more vs. less accurate interpreting 

radiologists. Statistical power was limited within each test set, resulting in wide confidence 

intervals; however, power was higher for comparisons of test sets with similar attributes.

In conclusion, we found test set interpretive performance of screening mammography is, at 

best, only weakly-to moderately correlated with performance in clinical practice. Our results 

suggest test sets may be more reflective of relative performance across radiologists in 

clinical practice if test set cancer prevalence is low and lesions are difficult to detect. The 

absence of a strong correlation between test set performance and clinical performance does 

not discount the importance and potential of test sets to measure interpretive skill levels and 

identify opportunities for improvement. Given the limited opportunity for radiologists to 

assess their sensitivity and specificity against desired benchmarks, and across the range of 

mammographic findings that are associated with both malignancy and benign conditions, 

future studies should evaluate whether test sets can be used to accurately identify 

opportunities for improvement in radiologists' skills and can motivate change.
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Appendix

eTable 1
Characteristics of screening mammography 
examinations included in the test sets and in the clinical 
performance data

Characteristic

Screens in test sets
Screens in 

clinical dataTest set 1 Test set 2 Test set 3 Test set 4 Test set 5

N % N % N % N % N % N %

Total number of exams 109 109 109 109 110 373,058

Number of cancers 15 15 30 30 15 2,025

Woman's age, years

 40-49 44 (40.4) 45 (41.3) 40 (36.7) 41 (37.6) 37 (33.6) 99,800 (26.8)

 50-59 43 (39.4) 40 (36.7) 43 (39.4) 43 (39.4) 45 (40.9) 119,583 (32.1)

 60-69 22 (20.2) 24 (22.0) 26 (23.9) 25 (22.9) 28 (25.5) 86,916 (23.3)

 ≥70 66,759 (17.9)

Time since last mammogram

 No previous 10,594 (3.0)

 1-2 years 109 (100) 109 (100) 109 (100) 109 (100) 110 (100) 314,605 (87.6)

 3-4 years 21,757 (6.1)

 5+ years 12,106 (3.4)

 Missing 13,996

Comparison film

 Yes 109 (100) 109 (100) 109 (100) 109 (100) 110 (100) 281,976 (90.6)

 No 29,089 (9.4)

 Missing 61,993

Family history of breast cancer

 Yes 15 (15.5) 15 (15.6) 16 (16.8) 17 (17.9) 10 (9.6) 61,847 (17.2)

 No 82 (84.5) 81 (84.4) 79 (83.2) 78 (82.1) 94 (90.4) 296,718 (82.8)
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Characteristic

Screens in test sets
Screens in 

clinical dataTest set 1 Test set 2 Test set 3 Test set 4 Test set 5

N % N % N % N % N % N %

 Missing 12 13 14 14 6 14,493

BI-RADS breast density

 Almost entirely fat 6 (6.1) 6 (6.1) 4 (4.2) 4 (4.1) 7 (6.9) 45,020 (14.1)

 Scattered 34 (34.3) 34 (34.3) 31 (32.3) 30 (30.9) 31 (30.4) 140,207 (43.8)

 Heterogeneously dense 50 (50.5) 51 (51.5) 52 (54.2) 53 (54.6) 54 (52.9) 109,016 (34.1)

 Extremely dense 9 (9.1) 8 (8.1) 9 (9.4) 10 (10.3) 10 (9.8) 25,634 (8.0)

 Missing 10 10 13 12 8 53,181

eTable 2

Spearman rank correlation (95% confidence interval) between radiologists' test set and 

clinical performance measures.

Test set 1 Test set 2 Test set 3 Test set 4 Test set 5

Sensitivity

 Number of radiologists 
with at least 10 cancer 
cases in clinical practice 16 16 11 15 20

Test set cancer cases

 Woman-level, correlation
-0. 11 (-0.57, 

0.41)
0.1 9 (-0.34, 

0.63) 0.3 8 (-0.29, 0.80) -0. 51 (-0.81, 0.01) 0.4 4 (0.00, 0.74)

 Breast-level, correlation -0.01 (-0.50, 0.49) 0.30 (-0.23, 0.69) 0.30 (-0.36, 0.76) -0.47 (-0.79, 0.05) 0.36 (-0.10, 0.69)

Test set cases recalled by experts

 Woman-level, correlation 0.0 7 (-0.44, 0.54)
0.3 5 (-0.17, 

0.72)
-0. 10 (-0.66, 

0.53) -0. 51 (-0.81, 0.00) 0.4 4 (0.00, 0.74)

 Breast-level, correlation 0.10 (-0.42, 0.57) 0.20 (-0.33, 0.63) -0.02 (-0.61, 0.59) -0.60 (-0.85, -0.13) 0.37 (-0.09, 0.70)

Specificity

 Number of radiologists 
with at least 100 non-
cancer cases in clinical 
practice 22 24 17 20 48

 Test set non-cancer 
cases, correlation 0.13 (-0.31, 0.52) 0.22 (-0.20, 0.57) -0.28 (-0.67, 0.23) 0.25 (-0.22, 0.62) 0.29 (0.00, 0.53)

 Test set cases not 
recalled by experts, 
correlatio 0.05 (-0.38, 0.46) 0.17 (-0.25, 0.53) -0.30 (-0.68, 0.21) 0.30 (-0.16, 0.66) 0.25 (-0.04, 0.50)

Numbers in bold are significantly greater than zero.
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Figure 1. 
Woman-level sensitivity in clinical practice versus woman-level test-set sensitivity among 

cases recalled by the expert panel. Symbols 1-5 indicate the test set number. Test set 1 had 

lower cancer prevalence and less difficult lesions, test sets 2 and 5 had lower cancer 

prevalence and more difficult lesions, test set 3 had higher cancer prevalence and less 

difficult lesions, and test set 4 had higher cancer prevalence and less difficult lesions. 

CI=confidence interval.

Miglioretti et al. Page 15

Acad Radiol. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Woman-level specificity in clinical practice versus woman-level test-set specificity among 

cases not recalled by the expert panel. Symbols 1-5 indicate the test set number. Test set 1 

had lower cancer prevalence and less difficult lesions, test sets 2 and 5 had lower cancer 

prevalence and more difficult lesions, test set 3 had higher cancer prevalence and less 

difficult lesions, and test set 4 had higher cancer prevalence and less difficult lesions. 

CI=confidence interval.
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Table 2
Characteristics of participating radiologists (N=83)

Characteristic N %

Breast imaging specialist

 Yes 5 6%

 No 78 94%

Fellowship training in breast or women's imaging

 Yes 7 8%

 No 76 92%

Main practice with academic radiology group

 Yes 7 8%

 No 76 92%

Years interpreting mammography

 1-5 15 18%

 6-10 12 15%

 11-20 36 43%

 >20 20 24%

Average days per week working in breast imaging

 ≤1 21 25%

 2 19 23%

 3 18 22%

 4 9 11%

 5 16 19%

Mammographic examinations interpreted per week

 ≤10 2 2%

 11-49 17 21%

 50-99 31 37%

 100-199 20 24%

 ≥200 13 16%
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