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ARTICLE INFO ABSTRACT
Keywords: Purpose: A survey conducted by the European Society of Breast Imaging (EUSOBI) in 2023 revealed significant
Mammography variations in Quality Assurance (QA) practices across Europe. The UK encourages regular performance moni-
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toring for screen readers. This study aimed to assess the variability in diagnostic performance among readers
participating in a wider prospective randomised trial across multiple countries.

Method: In this retrospective multinational study, breast imaging readers from the MyPeBS clinical trial examined
a test set of 40 challenging breast screening cases using the PERFORMS software, from March 2021 to February
2022. The challenging set, enriched with biopsy-proven cancers, aimed to differentiate readers by their level of
diagnostic performance. Cancer detection and correct return to screen rates were calculated for each participant.
Results: A total of 110 readers from 6 countries completed the PERFORMS test set, while 88 also completed an
accompanying questionnaire collecting information about their breast screening work and experience. The study
revealed variability in cancer detection rates (M = 73.6 %, SD = 19.7 %, range 0.0 %-100.0 %) and correct
return to screen rates (M = 79.7 %, SD = 10.5 %, range 46.4 %-100.0 %). Outliers with extremely low cancer
detection (2.7 % of participants) and correct return to screen rates (1.8 % of participants) were also identified.
Conclusions: Breast imaging readers’ performance in test set-based assessments like PERFORMS can reflect real-
world screening proficiency. The presence of outlier readers with low diagnostic performance on the test
highlights the need for double reading and for standardised QA protocols to ensure patient safety and service
efficiency.

Abbreviations: EUSOBI, European Society of Breast Imaging; QA, Quality Assurance; MyPeBS, My Personal Breast Screening; PERFORMS, Personal Performance in
Mammographic Screening; UK, United Kingdom.
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1. Introduction

Breast cancer is the most common cancer among European women.
In 2020, there were an estimated 355,500 new cases diagnosed and
91,826 deaths across Europe, among a population of approximately 229
million women [1]. Regular mammography screening is the most
commonly used method for detecting breast cancer at an early stage, in
order to reduce mortality and reduce the need for more aggressive
therapies [2]. Consequently, evaluating the diagnostic performance of
mammography becomes paramount for healthcare professionals in
ensuring accurate breast cancer detection.

The diagnostic performance of mammographic breast cancer
screening can be summarised as the ability to detect a cancer in a
mammogram when cancer is present (sensitivity), whilst avoiding false
alarms (specificity). Within a breast screening programme, ideal diag-
nostic performance would be characterised by the detection of every
cancer within the population screened, without incurring unnecessary
recalls and clinical interventions [3]. In practice some cancers are too
small to be detected on the mammogram, may be occult or may be
missed with negative consequences for the patient resulting in delayed
diagnosis and poor prognosis, whilst others without cancer are subjected
to unnecessary follow-up investigations [4]. Thus, monitoring sensi-
tivity and specificity within breast cancer screening programmes and
among individual readers is recommended. Ideally individuals whose
diagnostic performance is at a lower level may benefit from actions to
improve their practice (education, further training, awareness of a
specific blind spot). This helps achieve higher levels of patient safety and
efficiency in a screening service and constitutes an effective measure of
quality assurance [5].

In 2023, the European Society of Breast Imaging (EUSOBI) con-
ducted a survey among its members to collect information on radiolo-
gists’ preferences and practice regarding quality assurance (QA)
measures in mammography image interpretation [6]. Only about half of
respondents reported that there was some form of quality assurance in
their workplace. Regular monitoring of real-life performance of a pro-
gramme or specific performance testing allows the identification of in-
dividuals working in breast cancer screening with poor diagnostic
performance and may avoid serious consequences for patient safety and
service efficiency.

The "My Personal Breast Screening’ (MyPeBS) clinical study assesses
a personalised risk-based screening approach against standard screening
[7]. In order to further explore the concerns regarding the lack of per-
formance monitoring and the absence of a harmonised international
performance monitoring system, breast imaging readers participating in
MyPeBS were invited to participate in a test set-based system called
’Personal Performance in Mammographic Screening’ (PERFORMS).
Participation in PERFORMS requires breast imaging readers to examine
test sets of challenging breast screening cases on their mammographic
workstation and record their decisions regarding overall breast classi-
fication and mammographic features on each case using the PERFORMS
online reporting application software. The test sets include difficult
normal, benign, and malignant cases, featuring subtle or interval can-
cers, bilateral appearances, multi-focal tumours, and more. These
challenging cases aim to furnish participants with insights into their
reading performance, whilst differentiating readers according to their
level of diagnostic performance. Details of the PERFORMS scheme and
its evaluation are described elsewhere [8].

The aim of this study was to investigate the mammographic inter-
pretation skills of readers drawn from many countries and evaluate the
variability in their diagnostic performance on a deliberately challenging
mammography test-set.

2. Material and methods

This retrospective study was conducted within the framework of the
Radiology Quality Control task of the MyPeBS clinical study
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(International Randomized Study Comparing personalized, Risk-
Stratified to Standard Breast Cancer Screening in Women Aged 40-70,
NCT03672331, sponsored by Unicancer). The study was carried out in
accordance with local security and data protection policies. The
requirement for ethical approval was waived after discussion with the
organisational research and development team because this study was
deemed to represent an audit of current practice (Ethics Reference No:
88-1223).

2.1. Study design

Breast imaging readers involved in the MyPeBS clinical trial from 6
countries (Belgium, France, Israel, Italy, Spain, and UK) were invited to
participate in the study between March 2021 and February 2022.
Participation required them to examine a set of anonymised 2D mam-
mograms, which consisted of recent examples from routine breast
screening in the United Kingdom (UK).

The test-set images were uploaded to mammography workstations at
the hospitals where participants were based, allowing them to view the
images. Participants recorded their findings on a password-protected
website and rated each breast using the BI-RADS five-point scale: 1 for
normal, 2 for benign, 3 for indeterminate, 4 for suspicious, and 5 for
highly suspicious. A rating of 1 or 2 indicated a decision not to recall for
further investigation separately for each breast, while a rating of 3 or
higher indicated a decision to recall the breast for further investigation.
(A clinical decision to recall or not is made at breast level for the pur-
poses of the PERFORMS test set.)

Upon submitting their answers, participants received immediate
feedback on each case, which included a comparison to pathology and
the radiological opinion derived from a panel of expert radiologists.
They also received a performance report containing comprehensive
statistics on their cancer detection rate, correct return to screen rate,
positive predictive value, and negative predictive value.

At the end of the test set, participants were also asked to complete an
online questionnaire collecting information about their demographics,
experience, and breast screening work.

2.2. Case set

The case set consisted of 38 challenging breast screening cases, each
with a known outcome, along with 2 additional practice cases. These
cases, collected from various sources, were anonymised. Each case
comprised full-field 2D digital mammograms of the mediolateral oblique
(MLO) view and the craniocaudal (CC) view of each breast. No addi-
tional clinical information or prior images were provided. The set con-
tained biopsy-proven cancers with various radiological features such as
architectural distortion, ill-defined masses, spiculated masses, and
calcifications.

A panel of ten expert breast radiologists based in the UK had previ-
ously assessed the suitability of each case for training and assessment
purposes and provided their radiological opinion on various aspects of
each case. Each radiologist on the panel had more than 20 years of
radiological experience and interpreted a minimum of 5000 screening or
diagnostic mammograms per year, with a minimum of 1500 screening
mammograms as a first reader. Where appropriate, each abnormal case
had been followed up, and case pathology was available. Cases classified
as normal had a three-year normal follow-up as per the UK screening
procedure. Specifically, the 38 test cases were analysed as 76 breasts: 18
breasts with at least one biopsy-proven malignancy, which were used to
calculate the cancer detection rates; 54 normal breasts and 2 breasts
with biopsy-proven benign lesions that were not considered suspicious
by the panel of expert radiologists, which were used to calculate the
correct return to screen rate; and 2 breasts with biopsy-proven benign
lesions that were considered suspicious by the panel of expert radiolo-
gists, which were not used in the performance metrics for the present
analyses. Although participants were aware that the case set was heavily
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enriched with biopsy-proven cancers, they were not informed about the
ratio of cancerous to non-cancerous cases.

These cases were selected to present a sufficient level of difficulty,
allowing for the differentiation of readers according to their level of
diagnostic performance. This approach facilitated the identification of
individuals with poor diagnostic performance compared to their peers.
Thus, the test provided an estimate of the variability in sensitivity and
specificity levels among this multinational sample of breast readers.

2.3. Performance metrics

Within the PERFORMS performance framework, two measures were
calculated for each participant: cancer detection rate (sensitivity) and
correct return to screen rate (specificity), both per breast. The cancer
detection rate was calculated as the percentage of breasts with biopsy-
proven malignant features that were recalled by the participant (i.e.,
given a rating of 3 or higher). The correct return to screen rate was
calculated as the percentage of non-recallable breasts in the test set that
were not recalled by the participants (i.e., given a rating of 1 or 2). All
non-recallable breasts either have normal features with a normal, three-
year follow-up mammogram, or biopsy-proven benign features deemed
not suspicious by the panel of experts. Outlier participants on either
measure were defined as those participants whose scores fell more than
1.5 times the interquartile range below the 25th percentile of the scores
in the group.

Statistical calculations were performed using the IBM SPSS Statistics
(version 28) statistical software (IBM SPSS Statistics for Windows,
Version 28.0. Released 2021. Armonk, NY: IBM Corp.).

3. Results

A total of 267 breast imaging readers from 6 countries (Belgium,
France, Israel, Italy, Spain and UK) were invited to take part in the
PERFORMS scheme, of whom 110 (41.2 %) completed the test. The
participation rates by country are presented in Table 1. The main rea-
sons for non-participation were lack of time, clinical duties, and other
commitments.

3.1. Characteristics of study sample

Of the 110 participants who completed the PERFORMS test, 88 also
completed an accompanying questionnaire that collected information
about their demographics, experience, and breast screening work. Most
respondents (86.4 %) were women. The most commonly selected age
group was between 41 and 50 years (38.6 %), followed by 51-60 years
(34.1 %). Smaller proportions of respondents were aged 31-40 years
(19.3 %) or 61-70 years (8 %).

These 88 readers had between 3 and 31 years of experience (M =
12.8, SD = 7.3, Mdn = 12, IQR = 6-16). They read between 1000 and
50,000 cases per year (M = 6979, SD = 6772, Mdn = 5000, IQR =
3000-8000), and read for between 3 and 40 h per week (M =16.3,SD =
9.5, Mdn = 15, IQR = 8-22).

Approximately 62.5 % of the respondents worked in both screening
and symptomatic settings with a further 36.4 % working exclusively in
screening, and the remainder, 1.1 %, working exclusively in a

Table 1
Participation rates of invitees in the PERFORMS test by country of practice.

Country Invitees Participants Participation rate
Belgium 41 24 58.5 %
France 133 16 12.0 %
Israel 13 13 100.0 %
Italy 39 27 69.2 %
Spain 6 2 33.3%
UK 35 28 80.0 %
Total 267 110 41.2 %
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symptomatic setting. The majority (69.3 %) performed independent
double-reading in practice, with 17.0 % undertaking informed double-
reading, and 13.6 % undertaking single reading. Only 12.5 % used
CAD or Al in practice.

3.2. Participants performance overview

Across the 110 participants, a broad range of cancer detection rates
was observed, from 0.0 % to 100.0 % (M = 73.6 %, SD = 19.7 %, Mdn =
77.8 %, IQR = 61.1 %-88.9 %). For the correct return to screen rate, the
range was from 46.4 % to 100.0 % (M = 79.7 %, SD = 10.5 %, Mdn =
80.4 %, IQR = 73.2 %-87.5 %). Table 2 presents a summary of these
performance metrics across participants.

Poor-performing outliers were identified as those with a cancer
detection rate 1.5 times the interquartile range below the 25th percen-
tile, equating to a cancer detection rate below 19.4 %. On this basis, 3 of
the 110 participants (2.7 %) were classified as statistical outliers in
terms of their cancer detection rate (Fig. 1). The respective threshold for
the correct return to screen rate was 51.8 %, resulting in 2 of the par-
ticipants (1.8 %) being statistical outliers (Fig. 2). No participant was
classified as an outlier on both measures.

Unfortunately, only one of the outlier participants had completed the
accompanying study questionnaire. Consequently, it is not possible to
evaluate whether the outlier participants differed from their peers in
terms of factors such as experience or case reading volume.

4. Discussion

The median level of sensitivity (the cancer detection rate) amongst
the study participants on this challenging set of cases was 77.8 % (inter-
quartile range 61.1 %-88.9 %), whilst the median level of specificity
(correct return to screen rate) was 80.4 % (inter-quartile range 73.2 %—
87.5 %). A small percentage of participants had unusually low sensi-
tivity or specificity scores compared to those of their peers: 2.7 % of
participants had exceptionally low cancer detection rates, while in terms
of specificity, 1.8 % had exceptionally low correct return-to-screen rates.
These outliers were not simply those with the lowest performance in the
group, as someone will always have the lowest level of performance in
any group. Rather, these individuals were identified as outliers because
their performance was more than one-and-a-half times the interquartile
range below the 25th percentile, a common statistical method for
identifying low-end outliers. The presence of outliers with exceptionally
low sensitivity or specificity compared to their peers on the same cases is
concerning and warrants attention.

Performance on test sets such as PERFORMS has been shown to
correlate with performance in live breast cancer screening [8,9]. While
unusually low scores do not necessarily indicate poor practice in live
screening—potentially arising from challenging circumstances—they
should still act as a flag for further investigation to ensure patient safety.
Arguably, the consequences of missing a cancer are more serious than a
false alarm, making it imperative to address diagnostic deficiencies [10].
Given that quality assurance in breast cancer screening is far from
ubiquitous across Europe and beyond, the major concern is that outlier
readers like those identified here could be missing a significant number
of cancers in their practice.

These findings also suggest that implementing performance assess-
ment schemes for readers participating in clinical studies evaluating
novel approaches to breast cancer screening can be very valuable. Such
schemes ensure that all participants maintain consistent, high-quality
standards, reducing variability and safeguarding the integrity of trial
outcomes. In the UK PROSPECTS trial [11], which is assessing the
impact of using Digital Breast Tomosynthesis (DBT) in routine breast
cancer screening, all trial readers are part of the NHS Breast Screening
Programme, which mandates the annual completion of PERFORMS as
part of reader appraisals. This helps to ensure image interpretation
competency and promotes confidence in trial findings.
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Table 2
Summary of cancer detection rate and correct return to screen rate across participants.
Metric N Mean SD Percentiles
0 25 50 75 100
Cancer detection rate 110 73.64 % 19.73 % 0.00 % 61.11 % 77.78 % 88.89 % 100.00 %
Correct return to screen rate 110 79.66 % 10.46 % 46.43 % 73.21 % 80.36 % 87.50 % 100.00 %
Interquartile Range
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Fig. 1. Frequency distribution of cancer detection rates across participants with low performing outliers marked.

Reader performance is also affected by other parameters such as the
number of mammograms read annually and years of experience. Pre-
vious studies have shown that high-volume readers have better perfor-
mance outcomes in cancer detection rates, potentially due to their
increased exposure to mammograms and subsequent optimised ability
to discriminate between normal and malignant cases [12]. There is also
a significant association between reading performance and readers’
experience in mammography interpretation, with more experienced
readers showing higher sensitivity during mammographic reading ses-
sions than less experienced readers [13]. This may be because experi-
enced readers are less susceptible to fatigue-related issues [14] and have
a higher threshold for classifying mammograms as abnormal due to their
ability to identify and avoid recalling benign lesions they have
encountered in the past [15]. In our study, however, only one of the
outlier participants provided information on reading volume and years
of experience, so we cannot evaluate whether the outlier participants
differed from their peers in terms of these parameters.

The UK Breast Screening Programme employs performance testing as
a crucial component of its quality assurance framework [16]. As part of
this, all NHS breast screening readers are required to participate in the
PERFORMS test-set based assessment scheme [17], enabling the rapid
evaluation of their diagnostic abilities using test datasets with confirmed
clinical outcomes. The cases included in these test sets are deliberately
challenging to differentiate readers based on diagnostic ability and
hence, individuals with poor diagnostic performance relative to their

peers can be identified. Additionally, the test sets contain a higher
cancer prevalence than encountered in live screening, exposing readers
to diverse radiographic cancer presentations at an accelerated rate.
Within the PERFORMS quality assurance programme, individual readers
with poor performance at outlier levels are contacted and offered tar-
geted support and training to improve their practice [8]. By ensuring
regular participation in performance testing, the programme helps
maintain a high standard of image interpretation and enables timely
identification and remediation of any performance issues.

This study has some potential limitations. First, only 41 % of those
invited went on to complete the PERFORMS test set. There is no infor-
mation on the characteristics or performance of those who did not
participate, so this is an unquantifiable source of participation bias.
Second, 20 % of the participants did not respond to the accompanying
study questionnaire, preventing investigation into whether their per-
formance relates to factors such as experience or case reading volume
(these analyses were undertaken, but were underpowered). Finally,
participants were aware that the PERFORMS case set was enriched with
biopsy-proven cancers, and as a result their approach in undertaking the
scheme could be different to that adopted in routine screening.

5. Conclusion

To our knowledge, this is the first study to evaluate the variability in
diagnostic performance amongst a sample of breast imaging readers
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Fig. 2. Frequency distribution of correct return to screen

drawn from multiple countries. The results underscore the vital impor-
tance of monitoring their diagnostic performance. The presence of
outliers with especially low levels of sensitivity or specificity within this
small sample highlights both the need for double reading to be main-
tained (which is recommended by European Guidelines [18] and pro-
vided to all participants in the MyPeBS trial) and the need for a broader
and more comprehensive implementation of quality assurance in breast
screening on an international scale.
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