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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

e 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

e 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

e 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:

e 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)

e Judgment about recall, including false positives
for which recall was appropriate (judgment)
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Early Test Set Development—ACR—Early 1990s

ThHe AMERICAN COLLEGE OF
RADIOLOGY'S MAMMOGRAPHY
INTERPRETIVE SKILLS
AssEssMENT (MISA)
EXAMINATION

BY EDWARD A. SICKLES, MD
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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.



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
guestions
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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 Z
quadrant and o’clock position b

Analysis: Description of findings.
What is the diagnhosis?

Management: BI-RADS assessment
categories, and management plans

Image Quality: Positioning, contrast,
blur, noise, compression, and artifacts




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
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ACR MISA Evolved

into a fully digital ACR

Mammography Case Review

Mammography Case Review

The ACR Mammography Case Review program is

now available online!

Developed by Edward Sickles, |
the MCR Committee of the ACR
Commission, the MCR program
imagers to enhance practice co
improve breast imaging skills. T
simulation activity is an in-depth
review that features a state-of-1
with an interactive, image detec
to enhance learning. The progr
superior image quality, and a vi
brightness, contrast, zoom and pan of images. Expert feedbact
throughout the program and scoring is provided by category. R
benchmarking allows learners to view their performance compz
peers.

s
HHammozrapiy Case Review
AMERICAM COLLESE OF RADIDLOGY

Earn 15 AMA PRA Category 1 Credits™ and equivalent SA-CME

« Focus on Digital Mammography, Breast Ultrasound, Breast MRI,
Stereotactic and Ultrasound-Guided Biopsy

« Demonstrate appropriate application of BI-RADS® Atlas 5th Edition
descriptors and assessment categories for FDA regulations

« Distinguish normal and abnormal anatomic structures and breast
lesions for biopsy

Key features also include:

* Mobile and web enabled

« Automatic bookmarking, pause, and resume
« Links to PubMed references

« Claim, print, and track credits easily

Price for ACR Member: $299 | Non-Member: $599 | Member-in-Training: $150

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



Early Test Set Development—DBritish Columbia
Breast Cancer Screening Program

 The Screening Program of
SCREENING MAMMOGRAPHY British Columbia was

PROGRAM OF BRITISH

COLUMBIA STANDARDIZED TEST established in 1989

FOR SCREENING RADIOLOCGISTS . 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
qgualifying proficiency test




Screening Program of British Columbia Test Set

Test Set 1: 100 cases (copy films) Test Set 2: 100 cases (original

based on original interpretation films) based on original

« 39 abnormals (14 cancers) interpretation

61 normals (based on 2 year * 50 malignant lesions
follow-up) « 50 normal cases, including a

* Interpretation: Normal or mix of normal and abnormal
Abnormal original interpretations

» Sensitivity: 43% - 100% * Interpretation: Normal or

Abnormal

o Specificity: 71% -81%

« Agreement on original
abnormals: 42% -84%

 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

e 40 cancers (50% should be
moderate to high suspicion)

> 25 DCIS: 15 invasive
40 non-cancer abnormals
e 40 normals

e 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

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
iIndividual and program
performance

Burhenne, LW, Seminars in Breast Disease 2004;6(3) HEi& AT Y



Early Test Set Development—Proficiency Testing

In ltaly, Ciatto, et al

¥ dekef Sirocn 16836 1431 ¥

Cemire por bo Sindo ©
revenziene

Hrvast Usit
e by
5 Ca e, wangu

Proficiency test for screening mammography:

results for 117

5

Abatruct

Obyecifre—T0 Enale2 the PEAGFMARCE of
8 large samphke of Nalan rediolopiss
URdSFFONT O Profceacy i OF SR
Ing mammography.

Daripn—EvaSt0s of pEFIDFAncS Nk
CALOFE BCCOPHINE t0 reloremce simndards
delermined by 8 panel of exports (ens-
tivity (reference siondsed »B0A0), recall
rate (reference snmdend < 15%0)) .
Kapiing—117 Bulan radicioghsis of vary-
ing experience (years of praciice & 5-i8,
average 3907 mammograms read S00-
51 00, sversge 13 0039, all cwrrently Pe-
portiny clskal mammogrsphy and
plnning io iske part o screcning In the
nesr fisire
Forshy—Fighty four of { |
gists reached the standard
B (T reached the siandard for recsll
ruie, and omly 5% (50P) reached boih
standards and passid the profickency iesi.
‘The probability of passing the test wm
sigmificanilhy correlmied with mEmme-
graphic precioe (p=0415), -
Frams read (p=0.034), snd Mg rams
readiyesr (p=0.043}.

Discurrion—The rmance of a rge
sample of lmlisn rediclogisis corrently
reporiing clinkcal mammegrapiy was dis-
Apponding, IMCAUNE the noad [GF proper
iraining of af least 5% of the iestod
fubkcle. When Impkmemiing oryantecd
soreaning the hesith smthortty showld s
Up 3 PTOPET Process for Irsining Smd
accrediting radiclogiaic. and g profciency
Last Ehould be part of fuch 8 Procoss.

[F e Serew: 199585821 85 £%1)

Kigyworth: Beos concer musrmograky; qualiy con-
o T praiccoo 1o

f jogists o erpoeiing
s well fnoen and Tas beesn
' As ac
s expecied b be mlated
irening 15 curremly recom-
mended &or radiclogisis before they mad
SCTeeny MAMImHRTE.

Focrd sifon. besed mammogTaphic sTeenin;
1 ke place 1
enire per o Siod

C5P0 fr rening. As peet of the ITEning pro-

volunteer Italian radiologists

? Amnhwogerd, 5 Caard, I Momone, M. Romsei De Taron

Maierial and meihods
T et {1l wos pezpared by ome of
SCTRISO MATUT FTdm

randosly seectad Mo s:"aeﬂ:d archives,
heving been oheained during the 1993 soeen-

=
'h‘:.:ral Tor Berther

T. Infmr=osan on

e i wis Cicuisted ai meetings, coogresses,
= @ the Nelm Group S Mammogemine
Sozening (GEEMA; sponiamecis working
FTHE CperTing smce 999 md conndinatog
e results of &R Ratn cenises with & clomem

1999

* In Florence lItaly, 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

lable 1  Dustribution of subjects according to test results

Sensitivity Recall Number (%)

(%) rate (%) of subjects
‘ >80 <15 59 (50)

>80 >15 25 (21)

=80 =15 29 (25)

=80 =15 4 (3)

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

e 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.”

o “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

Variability in the Interpretation of Screening
Mammograms by US Radiologists

Findings From a National Sample
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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

- Table 1 Aan and nlsme cnmpnﬂllnn
oi Sampleﬂ \Eem |

- By Age Group, Mo. AliAge

. (%ofDiseass Group)  Groups, No.
" _ Ef.ﬂ-"ﬂ - : &  Eh

Eanlgn_ i

wnmam '

- Nomal

_-Tﬂhll{%jﬂfaﬂ_ :

S@64) 7(%8) 7(68) 19041
5(333) 4(26.7) 6(40.0) 15 (18:0)
' 9 (20.0) 15 (33 3} 21 (45.0)

19 (24 1} 26 (32 9} 34 {43 0}

*Women with normal mammograms and women with Denfgn
mammographic findings over 2 years of follow-up.




Challenges in Assessing Reader

Performance
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Assessing reader performance in radiology, an imperfect
science: Lessons from breast screening
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The purpose of this articke is o review the limilations associated with current methods of
assessing  reader acowracy  in mammography  screening programomes,  Clinical  aodit s
commonly wsed a5 a guality-assurance ool o monblor the perflormance of screen readers;
hiowiever, a number of the metrics employed, such as recall rate as a surrogate for specificily, do
not ahways accurately measure the intended clinical featore. Alternatively, standandized
sereeqing test sets, which benelit from ease ol application, immediacy of resulis, and quickes
assessment of quality improvernent plans, suffer from experimenial confounders, thus ques-
tioming the relevance of these laboratory-type screening test sets (o clinical pedormance. Four
kew [actoss thal dmpact o the external validity ol screeming test sels were deadified: the
nature and esclent of scretiny of ome's action, the artificiality of the environment, the over-
simplilication of responses, and prevalence of abnormalitg. The impact of these Tactors on
radicdogical and other coniexis is disoussed, and althoaugh it is important 1o acknoededse the
hensfit of ciandardized wroeenine tesh srie ke elaliner o the eleunee of ted spls ta



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.
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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

The “Laboratory” Effect:
Comparing Radiologists’ Performance
and Variability during Prospective
Clinical and Laboratory Mammography
Interpretations’

Radiology

Radiofogy: Volume 249: Number 1—U0ctober 2008

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).
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RADIOLOGY —ORIGINAL ARTICLE

Certain performance values arising from mammographic test
set readings correlate well with clinical audit

BaoLin Pauline Soh,' Warwick Bruce Lee,” Claudia Mello-Thoms,? Kriscia Tapia,® John Ryan,* Wai Tak Hung,*
Graham Thompson,? Rob Heard® and Patrick Brennan®

1 Department of Dlagnostic Radiolagy, Singapore General Hospltal, Singapore

2 Cancer Institute NSW, Sydney, Maew South Wales, Australla

3 mMedical Image Optimisation and Perceptlon Group (MICPeG), Discipline of Medical Radiation Sclences (C42), University of Sydney, Sydney, Mew
South Wales, Australla

4 ZFiltron, Dublin, reland

» 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 15t exam
* Rate of small invasive cancers per 10,000 reads
« Sensitivity
* Missed cancers

Soh BPJ Med Imaging Radiat Oncol 2015.
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RADIOLOGY —ORIGINAL ARTICLE

Certain performance values arising from mammographic test
set readings correlate well with clinical audit

BaoLin Pauline Soh,' Warwick Bruce Lee,” Claudia Mello-Thoms,? Kriscia Tapia,® John Ryan,* Wai Tak Hung,*
Graham Thompson,? Rob Heard® and Patrick Brennan®

1 Department of Dlagnostic Radiolagy, Singapore General Hospltal, Singapore
2 Cancer Institute NSW, Sydney, Maew South Wales, Australla
3 mMedical Image Optimisation and Perceptlon Group (MICPeG), Discipline of Medical Radiation Sclences (C42), University of Sydney, Sydney, Mew

South Wales, Australla
4 ZFiltron, Dublin, reland

 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

Soh BPJ Med Imaging Radiat Oncol 2015.



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
guestions 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

e QOverall 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

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 anormal day in the cockpit !
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Challenges in the Development of Test
Sets — these still are unresolved

e Number of exams?
o Mix of difficulty?
e Ratio of cancers to normal exams?

 Measures of truth—biopsy-confirmed, or
expert consensus?
e (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)

e \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?



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
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If You Don’t Find It Often, You 4/ "/
Often Don’t Find It: Disease 8" « ¥
Prevalence Is a Source of Miss |/~ °
Errors in Screening iy T
Mammography T

Jeremy M Wolfe, PhD
Robyn L Birdwell, MD
Karla K Evans, PhD

Brigham and Women’s Hospital “ i
& Harvard Medical School \ o



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): Prevaremee

- 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.
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The Key Result

Miss error rates are
substantially higher at
low prevalence

False alarm rates are
somewhat lower at low
prevalence



Modern Proficiency Testing—New Directions?

el G PLOS]- What can be done? General methods

If You Don’t Find It Often, You Often Don‘t Find It: Why

Some Cancers Are Missed in Breast Cancer Screening tO ImprOve perfOrm anCe |nCIUde
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