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ARTICLE INFO ABSTRACT

Keywords: Purpose: In the UK, the COVID-19 pandemic and the resulting lockdown significantly impacted routine breast

Mammography ) screening and led to reduced case volumes for breast screening readers. The aim of the study was to evaluate

EO}IID'B pandemic whether breast screening performance on a test-set based assessment scheme (PERFORMS) varied over time, in
errormance

association with the lockdown period.

Method: In this retrospective study, performance data were obtained for all breast cancer screening readers in
England who completed the PERFORMS schemes based on digital mammography (from 2015 to 2022). Cancer
detection (sensitivity), correct return to screen (specificity) and the difference between the sensitivity and
specificity were calculated for each breast screener in each PERFORMS scheme.

Results: During the study period, 4906 readers participated in eight PERFORMS schemes. Both the cancer
detection (H(7) = 775.56, p <.00001) and correct return to screen rate (H(7) = 401.13, p <.00001) varied
significantly by scheme. The difference between cancer detection and correct return to screen rate in the scheme
administered during the lockdown period was significantly higher than in all other schemes (p <.05, Bonferroni
correction applied).

Conclusions: The performance of breast screeners on the PERFORMS test-set based assessment scheme which was
administered during the lockdown period, was characterised by markedly high sensitivity and low specificity

Decision making

when compared to their performance on other tests taken pre-COVID and following the lockdown.

1. Introduction

Each year more than 2 million women have breast cancer screening
in the UK [1]. The National Health Service Breast Screening Programme
(NHSBSP) invites women between the ages of 50 and 71 for a screening
mammogram at three yearly intervals and women with abnormal
mammograms are recalled for further assessment [2]. However, the
COVID-19 national lockdown that was announced in the UK on the 23rd
of March 2020 led to the halting of the breast cancer screening services
by the end of the month [3]. All 78 NHS breast screening units decided
to pause screening for approximately 3 months in order to allow staff to
be redeployed to respond to COVID-19, and to protect patients and staff
from the virus [4].

During that time, new invitations to the screening program were not
sent as services were reconfigured [3]. Screening focused on following

up with existing screen positive women and women with high familial
risk [3]. The programme resumed sending out invitations for routine
screening between April to September 2020 [5]. However, infection
control measures, workforce sickness and fewer women presenting for
breast cancer screening continued to affect routine screening numbers
[5].

Performance in the UK breast screening programme is heavily
audited as part of the quality assurance process since the screening
programme began in 1988. A pivotal part of this process is the PER-
FORMS (Personal Performance in Mammographic Screening) test-set
based assessment scheme. For over 30 years, all breast screening
readers in the NHSBSP are required to participate in this annual,
standardised test of breast screening ability based on a carefully collated
set of mammograms, each of known outcome. The PERFORMS scheme
serves as a quality assurance and training mechanism for the NHSBSP to
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evaluate each breast screener’s ability to detect challenging breast
screening cases and identify potential problems at the earliest oppor-
tunity to allow interventions to change practice [6].

From 2019—-2020, 2.12 million women were screened by NHSBSP in
England [7]. However, during the pandemic, there was a 44.1%
decrease with only 1.19 million women being screened [7]. There is
speculation regarding how the reduction in case reading volumes for
breast screeners has affected their screening ability, with consequences
for the early detection of breast cancer in the women of the screening
population. The PERFORMS scheme, which was administered
throughout the lockdown period of the COVID-19 pandemic, offers an
opportunity to evaluate whether breast screening performance on this
standardised test varied over time, in association with the lockdown
period. The aim of the study is to evaluate whether performance on the
PERFORMS test taken during the COVID-19 lockdown period differed
from that on the tests taken at other times.

2. Material and methods

The retrospective 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.

2.1. The PERFORMS scheme

In the UK, where double reading of mammograms is the standard of
care, the longstanding shortage of radiologists has meant that non-
radiologists have routinely been involved in the reading of screening
mammograms since the mid-1990s. Non-radiology readers are either
radiographer advanced practitioners or breast clinicians trained specif-
ically in mammographic interpretation. All national breast screening
personnel (radiologists, radiographers and breast clinicians) involved in
reporting screening mammograms take part in PERFORMS annually by
reading test sets of 60 challenging cases in their clinical workstation and
report their decisions about each case using the PERFORMS reporting
software. These cases are recent examples of mammograms arising from
the routine breast screening in the UK. They are double read by two
independent readers and any discrepancies between readers are dealt
with by either arbitration using an independent third reader or
consensus depending on local screening centre protocols.

In order for a case set to be included in the PERFORMS scheme, a
panel of ten UK expert breast radiologists (with more than 20 years of
experience each) also assesses the suitability of each case for training
and assessment purposes and provides their radiological opinion on
various aspects of each case. All malignant and benign cases are pa-
thology proven while all normal cases have a normal three year follow
up screening outcome.

The test-set images are uploaded to the Picture Archiving and
Communication System (PACS) at each screening centre where they can
be viewed. Participants’ findings are recorded on a password protected
website and they receive immediate feedback on each case at the end of
the set, compared to pathology and an opinion derived from the panel of
expert radiologists. Once PERFORMS is completed by all participants,
comprehensive performance statistics are produced providing an indi-
vidual with a comparison with their peers nationally. Details of the
PERFORMS scheme and its evaluation are described elsewhere [8].
Given the nature of PERFORMS, each scheme presented different sets of
cases with differing numbers of malignant, benign and normal breasts,
and potentially differing levels of difficulty. This allowed PERFORMS to
remain up to date with new cases and aided in providing a reliable
quality assurance platform.
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2.2. Study sample and case sets

All participants (radiologists, radiographers and breast clinicians)
were readers in the NHSBSP at the time of completing the schemes with
different levels of experience. For this study, data from all those par-
ticipants (n = 4906) who completed the PERFORMS schemes based on
digital mammography (annual test sets from 2015 to 2022) were
included in the analysis. Older PERFORMS schemes not based on digital
mammography and current ongoing PERFORMS schemes have been
excluded from the analysis. All included tests follow the same format,
with the same total number of cases and similar ratios of malignant to
non-malignant cases per set. The composition of each PERFORMS
scheme is detailed in Table 1.

Specifically, the 2020 case set was administered during the lockdown
period of the COVID-19 pandemic. The present analysis compares breast
screening performance on the 2020 case set test with that on seven other
PERFORMS tests (2015-2019 and 2021-2022 — all the other PERFORMS
case sets that are based on digital mammography, and for which
participation in England was completed at the time of writing). How-
ever, the 2020 case set that coincided with the COVID lockdown periods
was not selected especially for the lockdown period, indeed it was
collated before the lockdowns were known about. These other case sets
were administered before and after the COVID-19 pandemic lockdown
period. The aim of the analyses was to evaluate whether performance on
the test taken during the COVID-19 lockdown period differed from that
on the tests taken at other times.

2.3. Performance metrics

Within the PERFORMS performance framework, two measures are
calculated for each participant: cancer detection rate (sensitivity) and
correct return to screen (specificity). A panel of expert radiologists
examine each breast of each case in the PERFORMS case set and de-
termines which breasts should be recalled (analysis of performance is
taken at individual breast level rather than at case level). The cancer
detection rate is expressed as the percentage of breasts with biopsy-
proven malignant features that were recalled by the individual
screener. The correct return to screen rate is calculated for each breast
screener by the percentage of non-recallable breasts not recalled by the
screener. 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.

2.4. Statistical analysis

For the purposes of this analysis where performance across eight
different schemes was compared, each scheme was treated as a separate

Table 1
The composition of each PERFORMS test set.
Scheme Recallable breasts Number of Total
Year K X - non-recallable number of
with with benign  Total
) breasts breasts
malignant or normal
features features™
2015 22 6 28 92 120
2016 32 3 35 85 120
2017 34 7 41 79 120
2018 39 1 40 80 120
2019 41 3 44 76 120
2020 29 4 33 87 120
2021 28 5 33 87 120
2022 16 0 16 104 120
Total 241 29 270 690 960

* benign or normal features that are suspicious and indistinguishable from a
malignant feature on the basis of inspection of the mammogram alone.
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pool of participants in a between-participants design. The performance
metrics were not normally distributed, and absolute differences between
schemes are of little value due to the differing case sets; consequently,
the data were analysed using non-parametric statistical techniques. The
alpha-level for statistical significance was set at 0.05 for all analyses.
Statistical calculations were performed using statistical software (SPSS
Statistics version 27.0; IBM).

3. Results

There were 4906 readers (radiologists, radiographers and breast
clinicians) who completed the PERFORMS test sets in England and hence
included in the study. Summary statistics for cancer detection and cor-
rect return to screen measures are given in Table 2.

A Kruskal-Wallis test indicated that both the cancer detection and
correct return to screen rate varied significantly by scheme (cancer
detection: H(7) = 775.56, p <.001, correct return: H(7) = 401.13, p
<.001).

In pairwise post-hoc tests of the critical difference in ranks (Bonfer-
roni correction applied), the cancer detection rate on the 2020 case set
was significantly higher than in all other schemes (p <.05), while the
correct return to screen rate on the 2020 case set was significantly lower
than in all other schemes (p <.05) except the 2019 case set.

Relatively high levels of sensitivity on the 2020 case set, coupled
with relatively low levels of specificity, indicate that breast screeners
were “over-recalling” when reading the 2020 case set, i.e., recalling
cases more readily than in other case sets. This possibility was examined
directly by looking at the difference between the sensitivity and speci-
ficity for each reader: the cancer detection rate minus correct return to
screen rate was calculated for each breast screener in each PERFORMS
scheme (Table2).

The difference between the cancer detection rate and the correct
return to screen rate varied significantly by scheme (H(7) = 365.11, p
<.001); specifically, the difference between cancer detection rate and
correct return to screen rate on the 2020 case set was significantly higher
than in all other schemes (p <.05, Bonferroni correction applied).

4. Discussion

This study was undertaken to determine whether reduced case vol-
umes in the NHS Breast Screening Programme in England during the
COVID-19 lockdown period were associated with changes in the
screening performance of breast screeners, as assessed using the stand-
ardised PERFORMS test of breast screening. The performance of breast
screeners on the 2020 case set, which was administered during the
COVID-19 lockdown period, was characterised by markedly high
sensitivity and low specificity when compared to their performance on
PERFORMS tests administered at other times before and after the lock-
down period.

Table 2
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In particular, the gap between the sensitivity and specificity of in-
dividual readers was largest for this case set, indicating that breast
screeners were “over-recalling” breasts from the 2020 case set. Indi-
vidual readers tended to detect a greater percentage of the malignancies
in the 2020 case set, but without an accompanying increase in speci-
ficity, resulting in a greater percentage of unnecessary recalls. The
extreme degree of over-recalling is peculiar to the test administered
during the lockdown period. This over-recalling may have been associ-
ated with the changes to live screening over the lockdown period. The
effect was temporary, and the same degree of over-recalling was not
observed before or after the lockdown period.

A recent audit study that evaluated the real-life performance in-
dicators of a screening service in the public health system in Sao Paulo
State, Brazil showed that the recall rate was significantly lower (p <
0.001) during the pandemic compared to the pre COVID-19 period, with
increased specificity for screening and diagnostic mammograms [9].
Similarly, performance data from 66 facilities of the Breast Cancer
Surveillance Consortium, USA showed a significant decrease in cancer
detection (23% fewer cancers, p <.001) during the pandemic compared
with the same pre COVID-19 period [10]. However, in both studies,
authors explained that the reduction in recall rate and cancer detection
were due to the reduction in number of women screened during the
pandemic. These results contrast with our findings. Yet, our study
focused on readers’ performance as assessed using a standardised test-
based scheme, where screeners’ decisions do not have a direct impact
on patient care, rather than their real-life performance. The noted effect
of over-recalling in the test may reflect a temporary change in breast
screeners’ decision making and cancer detection ability associated with
their reduced volume of live screening practice at that time.

This study does have some limitations. PERFORMS is a standardised
test of breast screening performance, which, although undertaken using
real cases from the NHSBSP, is not live. As such, breast screeners may
interpret mammograms differently during a test set compared to real-life
practice as their decisions on the test do not have consequences for the
women whose cases contribute to the test [11].

A further limitation of the study is that PERFORMS uses a relatively
small case set (60 cases, 120 breasts) as the basis of its performance
metrics when compared to real-life screening. Inevitably, the case set
varies in difficulty year-by-year, with associated differences in perfor-
mance on the test. Consequently, variation in the case sets could
contribute to the differences in sensitivity and specificity observed each
year, in addition to any differences that might be attributed to the
COVID-19 lockdown period. However, it is argued that the extreme
degree of over-recalling observed for the test administered during the
lockdown is, at least in part, a consequence of temporary changes in
breast screeners’ performance associated with their reduced volume of
live screening practice at that time. Other significant differences were
noted between case sets. However, the study focused on the fact that
sensitivity was highest, specificity was second lowest, and the difference

Summary statistics for cancer detection and correct return to screen measures of each PERFORMS test set.

Scheme Year Cancer detection

Correct return to screen

Cancer detection
minus
Correct return to screen

M SD SE M SD SE M SD SE
2015 91.3% 7.8% 0.3% 83.3% 8.9% 0.4% 8.0% 13.6% 0.6%
2016 86.0% 10.4% 0.4% 84.0% 7.2% 0.3% 2.0% 15.1% 0.6%
2017 86.3% 10.3% 0.4% 83.9% 9.3% 0.4% 2.4% 16.2% 0.6%
2018 92.2% 7.8% 0.3% 86.0% 9.5% 0.4% 6.2% 14.4% 0.6%
2019 85.0% 9.3% 0.4% 78.8% 10.8% 0.4% 6.2% 17.5% 0.7%
2020 94.9% 6.8% 0.3% 78.9% 10.8% 0.4% 16.0% 14.6% 0.6%
2021 89.8% 8.5% 0.3% 82.3% 10.4% 0.4% 7.5% 15.8% 0.6%
2022 92.1% 9.5% 0.5% 86.2% 9.4% 0.5% 6.0% 15.0% 0.7%
Overall 89.6% 9.5% 0.1% 82.7% 10.0% 0.1% 6.9% 15.9% 0.2%
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between sensitivity and specificity for individual readers was highest for
the COVID-19 set. These are the only differences that can be associated
specifically with the 2020 COVID-19 lockdown year.

The PERFORMS test itself, and the bases of the performance metrics
(the number and nature of the cases), have not been affected directly by
changes in screening volumes and attendance during the lockdown
period. The test set administered during the lockdown period was
collated prior to the COVID-19 related lockdowns, following the same
procedure and criteria used for all other case sets in the present study.

In addition, the findings of our study are only likely to be general-
isable to screening programs that use test-set based assessment schemes.
Our study only provides evidence to support that the aforementioned
changes in the screening performance of breast screeners, as assessed
using the PERFORMS test sets, was a consequence of the changes to live
screening over the lockdown period.

5. Conclusion

To our knowledge, this is the first study carried out that evaluates
whether performance on a test-set based assessment scheme taken
during the COVID-19 lockdown period differed from that on the tests
taken at other times. The results demonstrate that although breast
screeners were “over-recalling” breasts from the PERFORMS case set
that was administered during the COVID-19 lockdown period, the same
effect was not observed before or after the lockdown period.
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