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Purpose:  To compare an individual’s Personal Performance in Mammographic Screening (PERFORMSY) score with their Breast
Screening Information System (BSIS) real-life performance data and determine which parameters in the PERFORMS scheme offer the
best reflection of BSIS real-life performance metrics.

Materials and Methods: In this retrospective study, the BSIS real-life performance metrics of individual readers (7 = 452) in the National
Health Service Breast Screening Program (NHSBSP) in England were compared with performance in the test set—based assessment
scheme over a 3-year period from 2013 to 2016. Cancer detection rate (CDR), recall rate, and positive predictive value (PPV) were
calculated for each reader, for both real-life screening and the PERFORMS test. For each metric, real-life and test set versions were
compared using a Pearson correlation. The real-life CDR, recall rate, and PPV of outliers were compared against other readers (nonout-
liers) using analysis of variance.

Results:  BSIS real-life CDRes, recall rates, and PPVs showed positive correlations with the equivalent PERFORMS measures (P <
.001, P=.002, and P < .001, respectively). The mean real-life CDR of PERFORMS outliers was 7.2 per 1000 women screened and
was significantly lower than other readers (nonoutliers) where the real-life CDR was 7.9 (P = .002). The mean real-life screening PPV
of PERFORMS outliers was 0.14% and was significantly lower than the nonoutlier group who had a mean PPV of 0.17% (P = .006).

Conclusion:  The use of test set—based assessment schemes in a breast screening program has the potential to predict and identify poor

performance in real life.

©RSNA, 2020

There has been considerable interest in recent years for
the assessment of the performance of health care per-
sonnel. Individuals providing care have a duty to demon-
strate satisfactory performance, forming part of appraisal
and revalidation. Measuring individual performance has
the potential to improve the quality of services offered,
inform the public, determine potential problems, and
provide supportive further training (1).

Breast radiology in the United Kingdom, particularly
in the context of the National Health Service Breast
Screening Programme (NHSBSP), has always had its
performance heavily audited as part of the quality as-
surance process, which is integral to the service. Data
on each of the screening centers have been collected and
published since program inception in 1988 (2). In ad-
dition, to provide a measure of individual performance,
a test set—based system called PERFORMS (Personal
Performance in Mammographic Screening) has been
running for more than 30 years (3). Participants whose
performance in the scheme is below a minimum accept-
able standard (statistically significantly lower than that
of the main body of readers) are flagged up as “outliers,”

and further action is taken, such as reviewing practice,
offering suggestions, or further training.

There has been criticism that test set—based perfor-
mance schemes may suffer from a “laboratory effect” and
not be a true reflection of real-life performance. Many
studies demonstrate that experimental conditions can af-
fect human behavior (4). Test sets, by their very nature,
are heavily enriched with cancer cases, and the reader
knows that any decisions they make in the test environ-
ment will have no patient impact and so reading behavior
may be altered (5).

Recently, the UK Breast Screening Information System
(BSIS), which provides national and local performance sta-
tistics for the NHSBSP, has produced individual real-life
performance data over rolling 3-year periods. The aim of
this study was to compare an individual’s PERFORMS test
set scores with their real-life performance data and deter-
mine which parameters in the PERFORMS scheme offer
the best reflection of real-life performance metrics. In ad-
dition, this study aimed to determine whether the outlier
status in the PERFORMS scheme is a true predictor of
poor performance in real life.
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Abbreviations

ANOVA = analysis of variance, BSIS = Breast Screening Informa-
tion System, CDR = cancer detection rate, NHSBSP = National
Health Service Breast Screening Programme, PERFORMS =
Personal Performance in Mammographic Screening, PPV = positive
predictive value

Summary

The use of a test set—based assessment scheme (Personal Performance
in Mammographic Screening) in a breast screening program has the
potential to predict and identify poor performance in real life.

Key Points

m Readers Breast Screening Information System (BSIS) real-life
performance significantly correlated with Personal Performance in
Mammographic Screening (PERFORMSY) test for cancer detec-
tion rates (CDRs) (7= 0.179, P < .001), recall rates (» = 0.146, P
=.002), and positive predictive value (PPV) (»= 0.263, P < .001).

= Outliers in PERFORMS had significantly poorer real-life CDR
and PPV of recall compared with the nonoutlier group of readers.

= The PERFORMS test has the potential to predict readers” perfor-
mance and can be used to determine potential reading problems.

Materials and Methods

Study Design

All 706 readers who interpret screening mammograms for the
NHSBSP in England and who take part in the PERFORMS
self-assessment test were invited to participate in the study.
Ethics approval was waived, following discussion with the local
research and development team, as this retrospective compari-
son was considered to represent an audit of current practice.
The study was carried out in accordance with the local infor-
mation system security policy, data protection policy, and asso-
ciated codes of practice and guidelines, with participants giving
informed consent for their performance data to be accessed.

A total of 582 readers consented for their real-life data to be
accessed for the study. Real-life data were obtained from BSIS
for the 3-year period 2013-2016. Study participants had to
have completed at least five rounds of the PERFORMS self-
assessment scheme (ie, five sets of 60 cases) within 36 months of
the BSIS real-life screening data period. The NHSBSP requires
readers to interpret 5000 mammograms each year, but at least
1500 of these have to be as a first reader (3). Consequently, par-
ticipants had to read at least 1500 screening cases per year as
a first reader, and no less than a total of 4500 cases as a first
reader over the 3-year period of the study to be included. In ad-
dition, participants were excluded if their real-life data could not
be identified or matched with their PERFORMS data. Conse-
quently, a total of 452 readers were available for the comparison.
The flowchart in Figure 1 outlines the recruitment process and
exclusion criteria.

PERFORMS Image Assessment

The PERFORMS scheme involves the circulation of test sets
of 60 challenging cases, consisting of normal, benign, and ab-
normal mammograms. The test sets are heavily enriched with
biopsy-proven cancers (typically around 35%), with radiologic

features of masses, calcifications, asymmetries, and distortions.
Benign and normal cases are either biopsy proven or have at
least 3 years of mammographic follow-up. Cases are chosen
by the scheme organizers in conjunction with a national panel
of 10 expert breast radiologists, each with at least 20 years of
experience working in the NHSBSP from a pool contributed
by all UK screening centers. PERFORMS is currently under-
taken by more than 800 readers in the United Kingdom (6) as
part of the quality assurance for the NHSBSP (7). Readers in
the UK screening program include board-certified radiologists,
radiographers, or breast clinicians (physicians who are not radi-
ologists, working in the field of breast diagnosis). Nonradiolo-
gists typically make up half the readers in the UK program and
are trained to master’s level or equivalent and, along with the
radiologists, have to undertake the reading of a minimum of
5000 mammograms per year (8).

The test-set images are uploaded to the picture archiving
and communication system at each screening center where
they can be viewed. Readers’ findings are recorded on a pass-
word-protected website, and participants receive immediate
feedback on each case at the end of the set, compared with
pathologic findings, and an opinion derived from a national
panel of experts who provide a commentary on the radiologic
appearances of the cancers and the appropriateness of recall for
the normal and benign cases. Once completed by all readers,
comprehensive performance statistics are produced providing
an individual with a comparison with their peers nationally.
Data are produced on correct recall for further assessment, cor-
rect return to normal screening, cancer detection rate (CDR),
and the negative and positive predictive value (PPV) of recall
based on pathologic findings.

Test Standards

The NHSBSP uses double reading as standard and so the per-
formance data produced primarily focus on the opinion of
the individual as a first reader. In many centers, the second
reader is not blinded to the opinion of the first reader and so
the first read is the only truly unbiased read. The data extracted
included a unique reader code, screening center name, number
of cases read as first reader, number of recalled cases, cancers
detected as first reader, as well as rate of discrepant cancers per
year (defined as cancers missed by the first reader that were sub-
sequently identified by the second reader). Comparative results
from the PERFORMS tests sets were obtained from the PER-
FORMS database, which consisted of reader identification
number, screening center name, correct and incorrect recall,
correct return to screening, and missed cancer rates.

Measures of sensitivity were selected to be analogous in real-
life screening and in test set-based performance. In real-life
screening, the CDR was calculated as the number of women in
whom cancer was detected per 1000 women screened. For PER-
FORMS, the CDR was calculated as the percentage of cancers
detected of the total number of cases in the test set. PPV was cal-
culated as the total number of cancers detected of the total num-
ber of cases recalled, for both real-life screening performance
and the test set—based performance: the number of true-positive
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findings divided by the number of true-positive findings plus
false-positive findings. The real-life BSIS data cannot provide a
true specificity measure or a negative predictive value. Due to
the development of cancers between screening rounds (interval
cancers), determining which cases are true-negative findings and
false-negative findings will not become apparent for many years.
Consequently, in real-life screening, the recall rate is used as a
proxy for specificity. Recall rate was calculated as the total num-
ber of cases recalled of the total number of cases read, for both
the real-life screening and test set—based performance measures.

Statistical Analysis

CDR, recall rate, and PPV measures were calculated from the
PERFORMS data and from the BSIS real-life data, yielding
two values per reader for each metric: one real-life screening—
based value and one test set—based value. For each of these
measures, a Pearson correlation between the PERFORMS
test set data and BSIS real-life screening data was examined.
Further analysis assessed whether those readers whose perfor-

706 readers in NHSBSP England
were considered for inclusion
in the study
T 124 readers did not consent to

17 take part

582 readers consented to have
their real-life (BSIS) data
compared to test set
(PERFORMS) data

v

13 readers excluded as it was not
possible to match their data

1
569 readers had their BSIS data

successfully matched to
PERFORMS data

A 4

117 readers excluded for either not
undertaking a total of 4500 1st
3> reads from 2013-2016 or 1500 1st

v reads per annum or not having
452 readers had their BSIS data read 5 rounds of PERFORMS
compared to their PERFORMS
data

Figure 1:  Flowchart shows enrollment of readers info the study. BSIS = Breast
Screening Information System, NHSBSP = National Health Service Breast Screen-
ing Programme, PERFORMS = Personal Performance in Mammographic Screening.
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mance on the PERFORMS test was deemed to be below the
minimum acceptable standard (the outliers) had significantly
poorer performance on the BSIS real-life screening measures.
PERFORMS outliers are readers whose test performance falls
more than one and a half times the interquartile range below
the 25th percentile in terms of either CDR in the PERFORMS
test set or the area under the curve of the receiver operating
characteristic analysis of their test set performance (or both).
For the purposes of this study, any reader who had been an
outlier on any of the PERFORMS test sets included in the
3-year period was allocated into an “outliers” group. The real-
life CDRes, recall rates, and PPVs of PERFORMS outliers were
then compared against those of other readers using analysis
of variance (ANOVA). The a level for statistical significance
was set at .05 for all analyses. Statistical calculations were per-
formed using the IBM SPSS Statistics (version 23.0) statistical
software (SPSS, Chicago, IlI).

Results

Participant Performance Overview

In total, 452 participants (238 board-certified radiologists, 193
radiographer readers, and 21 breast clinicians) consented and
were eligible to take part in the study. The mean CDR from
the BSIS real-life data were 7.79 per 1000 women screened
(0.78%) with a mean recall rate of 5.29%. Each PERFORMS
test set of 60 cases is heavily enriched with cancers; the number
of cancer cases varied between 34 and 38 for the PERFORMS
sets included in this study. The mean CDR in the PERFORMS
test sets was 22.86% with a mean recall rate of 37.49%. A
summary of the BSIS real-life and PERFORMS performance
measures for the participants is given in Table 1.

Test Measures Assessed from BSIS Real-Life and PERFORMS
Correlate

BSIS real-life CDRs, recall rates, and PPVs showed significant
positive correlations with the equivalent PERFORMS mea-
sures (7 = 452). Readers with a higher CDR in real life tended
to have a higher CDR in PERFORMS (two-tailed Pearson cor-

Table 1: Summary of Real-Life and PERFORMS Performance Measures

Real-Life

PERFORMS

No. of Cancers

Cancer Detection

Value PPV (%) Detected* Recall Rate (%) PPV (%) Rate (%) Recall Rate (%)
Mean *= SD 0.16 = 0.05 7.79 £ 1.55 529 £ 177 73.23 £7.29 22.86 = 1.84 37.49 + 5.86
95% CI 0.16, 0.17 7.65,7.93 5.12, 5.45 72.56, 73.91 22.69, 23.03 36.95, 38.03
Median’ 0.15 (0.05, 0.51) 7.72 (2.16, 5.02 (1.01, 14.29) 73.65 (44.12, 23.06 (17.08, 36.88 (23.89,

12.37) 89.25) 31.67) 66.81)
25thand 75th ~ 0.13, 0.19 6.82, 8.76 4.17,6.18 68.89, 78.17 21.67, 24.03 33.96, 40.28
percentiles

* Per 1000 women.
"Data in parentheses are minimum and maximum.

Note.—A total of 452 radiologists were assessed for real-life performance and PERFORMS. CI = confidence interval, PERFORMS =
Personal Performance in Mammographic Screening, PPV = positive predictive value, SD = standard deviation.

Radiology: Imaging Cancer Volume 2: Number 52020 = radiology-ic.rsna.org


http://radiology-ic.rsna.org

Predicting Mammography Readers’ Real-Life Performance with PERFORMS

Figure 2:  Plots show correlation between (@) cancer defection
rates, (b) recall rate, and (€) positive predictive value (PPV) in real
life and in the Personal Performance in Mammographic Screening
(PERFORMS) test sets. Outliers are shown in red, and nonoutliers are
shown in green.
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relation: = 0.179, P < .001) (Fig 2a). Readers with a higher
recall rate in real-life screening tended to have a higher recall
rate in PERFORMS (two-tailed Pearson correlation: » = 0.146,
P =.002) (Fig 2b). PPV, the probability that a patient recalled
following screening mammography has a confirmed breast ma-
lignancy, reflects a combination of CDR and recall rate. Read-
ers with a higher PPV in real-life screening tended to have a
higher PPV in PERFORMS (two-tailed Pearson correlation:
=0.263, P < .001; Fig 2¢). It is noted that, as PPV is affected
by the prevalence of the disease, PPVs in the test set data were
considerably higher than in the real-life data, reflecting the dif-
ference in the prevalence of cancers in the two data sets.

Comparison of Outliers and Nonoutliers

Oudliers in the PERFORMS scheme were found to have sig-
nificantly lower performance than other readers in real-life
screening in terms of CDR and PPV, but did not differ sig-
nificantly in terms of recall rate (Table 2). The mean BSIS
real-life screening CDR of PERFORMS outliers was 7.2 per
1000 women screened and was significantly lower than other
readers (nonoutliers) where the CDR was 7.9 per 1000 women
screened (ANOVA F [1, 450] = 9.78, P = .002, o = 0.014)
(Fig 3a). The mean BSIS real-life screening recall rate of PER-
FORMS outliers was 5.5% and was not different from that of
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Real-life PPV
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PERFORMS PPV

other readers who had a mean of 5.3% (ANOVA F [1, 450])
=0.67, P = 415, w = 0.003) (Fig 3b). The mean BSIS real-life
screening PPV of PERFORMS outliers was 0.14% and was
significantly lower than the nonoutlier group who had a mean
PPV of 0.17% (ANOVA F [1, 450] = 7.75, P = .006, o =
0.012) (Fig 30).

Discussion

This study was designed to determine if performance in the
PERFORMS test set scheme reflected BSIS real-life perfor-
mance. Test set performance demonstrated significant positive
correlations with the BSIS real-life performance metrics pro-
duced by the UK screening program; that is, CDR (= 0.179,
P <.001), recall rate (= 0.146, P=.002), and PPV (r=0.263,
P < .001) all showed strong correlations. For breast cancer
screening to be successful, CDRs need to be optimized, but at
the same time, recall rates need to be kept as low as possible to
avoid false-positive interpretation and recalls. There will always
be a trade-off between recalling women for further investiga-
tion and detecting cancers, which is reflected in the PPV. Recall
rates act as a proxy for specificity in real-life screening, due to
the difficulty in identifying true-negative findings and false-
negative findings at the time of reading. However, recall rates
are not a perfect measure of specificity. Recall rates need to
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Table 2: Summary of Real-Life Performance Measures based on Readers’ PERFORMS Test Sets Outlier Status (2013-
2016)
No. of Cancers Detected per 1000
Women Screened Recall Rate (%) PPV (%)
Value Nonoutlier Oudlier Nonoutlier Outlier Nonoutlier Oudlier
Mean = SD 79+ 1.5 72*15 53*1.8 5.5* 1.8 0.17 = 0.06 0.14 = 0.04
95% CI 7.7, 8.0 6.8,7.6 5.1, 5.4 5.0,5.9 0.16, 0.17 0.13,0.16
Median* 7.8 (2.2,12.4) 7.1 (2.6,11.0) 5.0 (1.0, 14.3) 5.2(2.5,13.4) 0.16 (0.05,0.51)  0.14 (0.06, 0.31)
25th and 75th 6.9, 8.8 6.6, 8.2 4.2,6.2 4.3,6.1 0.13,0.19 0.11, 0.17
percentiles
Note.—There were a total of 396 nonoutliers and 56 outliers. P value for difference between nonoutlier and outlier for number of cancers
detected per 1000 women screened was .002, for recall rate was .415, and for PPV was .006. CI = confidence interval, PERFORMS =
Personal Performance in Mammographic Screening, PPV = positive predictive value, SD = standard deviation.
*Data in parentheses are minimum and maximum.
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Atotal of 396 nonoutliers and 56 outliers were assessed for their cancer detection rates per 1000 women, recall rates, and positive pre-

dictive value (PPV). Box-and-whisker plots show (@) real-life cancer detection rates, (b) real-life recall rates, and (€) real-life PPVs based on whether
readers were an outlier in the Personal Performance in Mammographic Screening (PERFORMS) test sefs. The 95% confidence limits are shown on

each plot.

be interpreted in conjunction with cancer detection: Both low
and high recall rates would be acceptable in the context of high
cancer detection, whereas in isolation, extreme recall rates may
raise concerns about a reader’s performance.

Correlation between BSIS real-life recall rates and PER-
FORMS correct recall rates was the weakest of the performance
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metrics, although it did reach statistical significance (r = 0.146, P
=.002). One of the criticisms of test sets is that reading behavior
may be altered. This weaker correlation is probably not surprising,
as it has been previously demonstrated that recall rates are particu-
larly prone to this “laboratory” effect, as readers know that flagging
a patient for recall will have no impact on patient care (4).
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Previous studies comparing test set and real-life performance
have shown consistently positive relationships, albeit weak in
some instances (9—11). One of the strengths of this study is that
it has been possible to compare real-life performance data with
results from a test set scheme in a large group of readers. Soh et al
reported reasonable levels of agreement (P < .01) between actual
clinical reporting and test set conditions, although increased sen-
sitivity was seen under test set conditions (11). This scudy of 452
participants demonstrated much stronger associations than a
previous smaller study of 40 readers from one UK region taking
part in the same PERFORMS scheme in 2005 and 2006 (10).
PPV of recall demonstrated the strongest correlation between
BSIS real-life and PERFORMS data for all participants. PPV is
one of the most useful measures of performance (12).

Real-life performance data are often considered the reference
standard. However, the accuracy of sensitivity and specificity of
real-life breast cancer screening data is problematic (13). Reader
sensitivity, which is defined as the proportion of patients with
breast cancer reported as positive, is not known for several years
until interval cancer data become available, and even then real-
life data may not be updated to reflect this. Due to this unavoid-
able time lag, the opportunity to introduce timely interventions
to improve performance is lost. Similarly, when measuring speci-
ficity as the proportion of disease-free patients reported as nega-
tive, a truly negative mammogram will not be apparent until
after the next screening round at the earliest. One of the ad-
vantages of test sets like PERFORMS is that normal, benign,
and malignant cases with known, biopsy-proven outcomes and
appropriate follow-up can be selected for inclusion, providing
potentially more accurate performance metrics. For instance,
when choosing cases for PERFORMS, a normal case will only
be included if the mammogram at the next screening round 3
years later is also normal.

One of the key functions of measuring performance is to
identify potential problems at the earliest opportunity to allow
interventions to change practice. Real-life data are by their very
nature retrospective. CDRs of around 7-8 per 1000 women
screened mean that an individual reader is exposed to relatively
few cancers each year. Consequently, it can be difficult to iden-
tify poor performance because of the statistical instability from
the relatively small number of cancer cases; similar problems are
encountered when measuring performance in NHSBSP screen-
ing centers with the smallest number of clients (14). BSIS audit
data are combined over a 3-year period to improve the statistical
robustness of the performance measures, but even so, many years
of poor performance may occur before this becomes apparent
through clinical audit, resulting in potential harm to the screen-
ing population. For many years, the PERFORMS scheme has
flagged up poor performance outliers where metrics have devi-
ated significantly from the mean. Individuals and the regional
quality assurance office are notified so that corrective measures
can be instigated, such as reviewing practice or further training,.
PERFORMS has the potential to identify underperformance at
a much earlier stage than real-life data, perhaps even before a
reader takes part in the screening program as part of an end of
training or pre-employment assessment. If test sets are to be used
in this way, then it is crucial that the results are validated against

real-life data. In this study, being a poor performance outlier in
PERFORMS predicted poor real-life performance, with outli-
ers having significantly poorer real-life CDR and PPV of recall
compared with the nonoutlier group of readers. This study did
have limitations. Nearly 20% of PERFORMS participants (124
readers) declined to have their data used and so this has to be
considered a potential source of bias. Further work is needed to
understand if this group had any particular characteristics.

In conclusion, there are significant correlations between
real-life readers’ performance in a breast screening program and
their performance on metrics generated from a test set—based
assessment scheme such as PERFORMS. Readers’ PPV of re-
call in real-life screening and the test sets showed the strongest
correlations. The use of test set—based assessment schemes has
the potential to predict and identify potential poor performance
outliers in real-life screening, enabling corrective measures to be
implemented in a timely fashion.
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