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Test Sets vs. Audits 
Benefits of audits 
• Feedback on practice patterns and 

outcomes 
 Sensitivity, Specificity, PPV, etc.  

• Measure performance against a gold 
standard & peers 

• Potential indications for corrective action 
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Test Sets vs. Audits (2) 
Limitations of audits 
• Reader volume and variable occurrence of 

important outcomes are limiting factors 
• Recalls are common; cancer is uncommon 
• Can take several years for poor, or falling 

performance to be identified 
• May take several years to measure improvement 

after corrective action 
• General outcome measures tell us very little about 

areas that need improvement 
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Test Sets vs. Audits (3) 
Limitations of audits 
• Not all outcomes are easily measured due to 

lack of links to cancer registries 
• Little empirical data on the effect of reviews of 

audit data on performance 
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The Logic for Test Sets 
Over the past 25 years, there is been ample 
data to show wide variation in mammography 
interpretive skills 
• While MQSA requires CME for interpreting 

physicians, there has been little persuasive 
evidence that it assured or improved 
interpretive skills 

• The average radiologist has few opportunities 
to receive feedback on their performance, or to 
assess their performance 
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The Logic for Test Sets (2) 

Test sets provide an opportunity to set 
reference standards, and measure: 
• Qualifying performance 
• Pre- and post-intervention performance 

• Overall, or specific to particular needs for 
improvement 

• Performance over time 
• Performance on new imaging technology 
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The Logic for Test Sets (3) 
Test sets provide an opportunity to provide 
feedback and learning that may be impossible to 
provide through audits, i.e., performance based 
on: 
• Appearance of the mammogram (density) and 

abnormalities (calcifications, lesion 
characterization, etc.) 

• Measures of sensitivity and specificity (truth) 
• Judgment about recall, including false positives 

for which recall was appropriate (judgment) 
 
 

 
 



Early Test Set Development—ACR—Early 1990s 

In 1992, the American College of 

Radiology (ACR) formed a 

Committee on Mammography 

Interpretive Skills Assessment 

(COMISA), charged with developing 

a voluntary self-assessment program 

(MISA exams) designed to be of 

tutorial assistance to diagnostic 

radiologists who interpret 

mammographic examinations. 
Sickles, E. Seminars in Breast Disease 2003;6:(3) 
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ACR MISA Examinations Were Principally 
Focused on Identification of Abnormalities 
and Management 

• Early exams were film based, paper & pencil tests 
• Cases and questions were extensively field-tested 

to produce a pool of 400 usable items 
• Where alternative management strategies were 

acceptable, 2 of 5 multiple choice options would 
be judged to be correct 

• Usual exam was 30 cases, and about 125 
questions 

  
 
 

 



Explanations of the themes that categorize 
MISA examination questions. 

Detection: Is there an abnormality? 
Point and click on the finding 

Validation: Is it real? Identify 
quadrant and o’clock position 

Analysis: Description of findings. 
What is the diagnosis? 

Management: BI-RADS assessment 
categories, and management plans 

Image Quality: Positioning, contrast, 
blur, noise, compression, and artifacts 
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Evolution of MISA from film to digital 
Film-based instruction was challenging 
(1) Maintaining a sufficient number of high-quality copy 
films (films get damaged with use) 

(2) Shipping and setting up large numbers of view boxes 
and renting hotel space for each test administration proved 
to be very expensive 

(3) Staffing each test administration with required 
supervisory personnel also proved to be expensive 

(4) Test results could not be given to users promptly, thus 
delaying and therefore reducing the value of the feedback 



ACR MISA Evolved into a fully digital ACR 
Mammography Case Review 

http://www.acr.org/Education/e-Learning/Mammo-Case-Review 



Early Test Set Development—British Columbia 
Breast Cancer Screening Program 

• The Screening Program of 
British Columbia was 
established in 1989 

• Organizers established 
minimum standards for 
interpreting physicians, 
including: 
 Recent CME in screening & 

diagnostic mammography 
 Minimum experience of having 

read 2500 mammograms 
 Satisfactory performance on a 

qualifying proficiency test 



Screening Program of British Columbia Test Set 

Test Set 1: 100 cases (copy films) 
based on original interpretation 

• 39 abnormals (14 cancers) 

• 61 normals (based on 2 year 
follow-up) 

• Interpretation: Normal or 
Abnormal 

• Sensitivity: 43% - 100% 

• Specificity: 71% -81% 

• Agreement on original 
abnormals: 42% -84% 

 

 

Test Set 2: 100 cases (original 
films) based on original 
interpretation 

• 50 malignant lesions 

• 50 normal cases, including a 
mix of normal and abnormal 
original interpretations 

• Interpretation: Normal or 
Abnormal 

• Breast-based outcomes 
• Sensitivity: 73% - 100% 
• Specificity: 71% -94% 

 

 



Screening Program of British Columbia Test Set 

Test Set 3: 120 cases (copies) 
based on original interpretation 

• 40 cancers (50% should be 
moderate to high suspicion) 
 25 DCIS; 15 invasive 

• 40 non-cancer abnormals 

• 40 normals 

• One-third all cases involved 
dense breast tissue 

Cancer cases were judged 
according to detection by 4 expert 
readers: 

• Obvious-- 4/4 

• Intermediate--  2-3/4 

• Subtle-- 1/4Test  

• Pass/Fail Rate 
 Sensitivity-- Average 

sensitivity of the 4 readers +/- 
10% 

 Specificity– Percent of all 
non-cancer cases called 
normal by the 4 reviewers 



Screening Program of British Columbia—Interplay 
between test sets, audits, and monthly reviews 

Burhenne, LW, Seminars in Breast Disease 2004;6(3)  

1. Qualify on test set 
 Training available for 

those who do not qualify 
 

2. Bi-monthly review of all 
screen-detected and 
interval cancers 

3. Annual review of 
individual and program 
performance 



Early Test Set Development—Proficiency Testing 
in  Italy, Ciatto, et al. , 1999 

• In Florence Italy, the Centro per lo 
Studio e la Prevenzione Oncologica 
(CSPO) was responsible for training 
radiologists in mammography 

• In 1997 CSPO developed a 
proficiency test consisting of 150 
cases, incluidng 
 17 cases with breast cancer 
 133 normal cases (previously read 

as normal, or recalled, but 
determined to be benign 

• Reference Standard: 
 Sensitivity ≥ 80% 
 Recall rate ≤ 15% 
 



CSPO Test Set Results, 1999 

• Average sensitivity was 82%, and 72% (84/117) 
met the reference standard 

• Average recall rate was 12.6%, and 75% (88/117) 
met the standard 

• 50% radiologists did not meet pre-set reference 
criteria 
 



CSPO Test Set--Conclusion 

• “Previous experience in reading 
mammograms is associated with good test 
results, but experience indicators are not 
sufficient in themselves to accredit 
radiologists to read screening 
mammograms.” 

 

• “Clearly, as for other countries, the health 
authority responsible for the implementation 
of a screening programme should provide 
proper training and accreditation of 
radiologists. A proficiency test, such as 
the one evaluated here, should be part 
of such a process.” 



Early Test Set Development—Investigations by 
Beam, et al (1996) • Fifty U.S. mammography 

centers having an ACR 
accredited unit were 
randomly sampled 

• 108 radiologists gave 
blinded interpretation to the 
same set of 79 randomly 
selected screening 
mammograms. 

• Wide range of sensitivity 
and specificity identified 
among participating 
radiologists 
 Beam C, et al. Arch Intern Med. 1996;156:209-213 



Composition of the Beam, et al. Test Set— 
(A) Film-based (Copies) Mailed to Study Subjects; 
(B) Cancers Comprised About 57% of Cases 
(C) Cancer Prevalence Varied by Age 



Challenges in Assessing Reader 
Performance 
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Factors Affecting External Validity of 
Mammography Test Sets 

• The nature and extent of scrutiny of one’s 
action 

• The artificiality of the environment 
• The oversimplification of responses 
• The prevalence of abnormalities 

Source: Soh BP, et al. Clin Radiol 2012;67:623-8. 



Factors Affecting External Validity of 
Mammography Test Sets 

The artificiality of the environment, & the nature 
and extent of scrutiny of one’s action, i.e. 
• People behave differently when they are 

being observed 
• The reading environment is different 
• The implications of correct and incorrect 

judgment is different 

Source: Soh BP, et al. Clin Radiol 2012;67:623-8. 



The “Laboratory Effect”—Performance in the 
Clinic vs. the Laboratory  

• Nine experienced radiologists rated an 
enriched set of mammograms that they 
had personally read in the clinic (the 
“reader-specific” set) mixed with an 
enriched “common” set of mammograms 
that none of the participants had 
previously read in the clinic by using a 
screening BI-RADS rating scale. 

• On average, the radiologists’ 
performance was significantly better in 
the clinic than in the laboratory. Inter 
reader dispersion of the computed 
performance levels was significantly 
lower during the clinical interpretations. 

 



Performance levels (sensitivity & specificity) and 
overall average performance (center points and 
spread) for reader-specific sets of mammograms in 
the clinic (C) and laboratory (L).  



• Test set consisted of 20 cancers, and 40 normal exams 

• Clinical audit data was generated for 20 radiologists over 2 years 

• Significant correlations were observed for: 
• Recall rate at 1st exam 
• Rate of small invasive cancers per 10,000 reads 
• Sensitivity 
• Missed cancers 

Soh BPJ Med Imaging Radiat Oncol 2015. 



Soh BPJ Med Imaging Radiat Oncol 2015. 

• The test set did not correlate as well with Specificity, likely due to: 
• Restrictions in the clinical setting that did not carry over to the 

laboratory setting, i.e.,  
• ≤ 10% recall on initial screening exams 
• ≤ 5% recalls on subsequent exams 

• Radiologists were informed that the test set was enriched with 
cancers, likely leading to a greater tendency to recall 
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Factors Affecting External Validity of 
Mammography Test Sets 

The oversimplification of responses, i.e., 
often a simple answer is the only choice to a 
complex situation 
• Prior studies may not be available 
• Other features of the image may prompt 

questions that can’t be answered 

Source: Soh BP, et al. Clin Radiol 2012;67:623-8. 
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Factors Affecting External Validity of 
Mammography Test Sets 

The prevalence of abnormalities, i.e., it 
always will exceed the normal prevalence of 
disease 
• A higher prevalence of cancers, leads 

to a heightened level of suspicion 
• Overall and individual effects are 

unclear 
Source: Soh BP, et al. Clin Radiol 2012;67:623-8. 
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Simulation usually aims to increase the 
prevalence of rare events—consider the following 
evaluation of a crew’s ability to handle in flight 
emergencies 

1. Tire explodes in the wheel well after takeoff, 
damages control surfaces on right wing 

2. Right fuel gauge indicates fuel loss, likely 
due to damaged fuel lines from explosion 

3. During final approach, right engine catches 
on fire, requiring engine shut down  

4. Not a normal day in the cockpit ! 
 

 



Challenges in the Development of Test 
Sets — these still are unresolved 
• Number of exams? 
• Mix of difficulty? 
• Ratio of cancers to normal exams? 
• Measures of truth—biopsy-confirmed, or 

expert consensus? 
• Cases that should be recalled vs…. 
• those that are indeterminate vs…. 
• those that should not be recalled 



Challenges in the Development of Test 
Sets (2) 
• Who should be tested, and how often? 
• Should test sets be manufacturer-specific? 
• How often should images be refreshed? 
• How should performance be evaluated to 

improve test set composition? 
• Are differences between clinic 

performance and laboratory performance a 
function of single occasion testing? 
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New Directions in Evaluating 
Performance 

The influence of the low 
prevalence of cancers in 
the screening cohort has 
been proposed as a 
contributing factor in 
missed cancer error rates 



If You Don’t Find It Often, You 
Often Don’t Find It: Disease 

Prevalence Is a Source of Miss 
Errors in Screening 

Mammography 

Jeremy M Wolfe, PhD 
Robyn L Birdwell, MD  

Karla K Evans, PhD 
Brigham and Women’s Hospital 

& Harvard Medical School 
 
 



Basic 2-Arm Design 

Low Prevalence Arm 
 
- 100 cases (50 positive, 50 negative)  
- These are inserted into the normal workflow of the Women’s 
 Imaging practice at Brigham and Women’s Hospital 
- The 100 cases were viewed over the course of 9 months during 
 which another 9826 other cases were screened.  
- Estimated prevalence = 0.8%. Data are the call back decisions. 
- 14 radiologists, reading unequal numbers of these cases 



Basic 2-Arm Design 

High Prevalence Arm 
 
- 100 cases (50 positive, 50 negative): Prevalence = 50% 
- All 100 were read by each of 6 of the 14 radiologists from the 
 low prevalence arm.  
- Reading the 100 cases took about 3 hours.  
- Data are the call back decisions and a 0-10 rating from negative 
 to clearly abnormal.   



The Key Result 

Miss error rates are 
substantially higher at 
low prevalence 

False alarm rates are 
somewhat lower at low 
prevalence 
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Modern Proficiency Testing—New Directions? 

What can be done? General methods  
to improve performance include: 

• Training 

• Experience 

• Continuing education, 

• Prospective double reading, 

• Retrospective evaluation of 
missed cases  

“Given the present results, we 
should now determine if there are 
practical changes in clinical 
settings that can reduce errors 
due to target prevalence.” 
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Thank you 
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