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RESULTS: The models show and quantify the diminishing returns for prevalent screens with
increasing biopsy rates. A biopsy rate increase from 10 to 20 per 1,000 increases the cancer
detection rate by 2.13 per 1,000 with four extra biopsies per extra cancer detected. Increasing
the biopsy rate from 40 to 50 per 1,000, increases the cancer detection rate by only 0.25 per
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CONCLUSIONS: Increasing needle biopsy rates leads to rapidly diminishing returns in cancer
detection and a marked increase in non-malignant/benign needle biopsies. Much of the harms
associated with screening in terms of false-positive recall rates and non-cancer biopsies occur
at prevalent screens with much lower rates at incident screens. Needle biopsy rate targets
should be considered together with recall rate targets to maximise benefit and minimise harm.
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Introduction

The English National Health Service Breast Screening
Programme (NHSBSP) started in 1987 following the Forrest
report.! The programme currently undertakes two-view
mammography on women aged 50—70 years at intervals
of 3 years. Following the AgeX trial, invitations now occur
from age range 47—73 years as the trial involves random-
ising women aged 47—49 and 71—73 to receive an invitation
to screening.’

There has been controversy for many years related to the
optimum balance between benefits and harms in screening
for breast cancer.’ In the UK, invasive cancer detection rate
targets are informed by the Swedish Two-County rando-
mised controlled trial, which detected nearly all cancers as
invasive and are age standardised.*” In Europe, targets are
set at three times the underlying incidence rate for first
screen and 1.5 for subsequent screens.’

Targets for recall rates range from 2% in Holland’ to a
recommended upper threshold of 12% in the United States.®
Europe and the NHSBSP set separate targets for recall rate.
At prevalent (first) screens, <5% in Europe with a minimum
standard of <7% (but <7% and <10% respectively in the
NHSBSP). At incident (subsequent) screens the European
target is <3% with a minimum standard <5% (<5% and <7%
in the NHSBSP).%”?

Percutaneous needle biopsy has essentially replaced
open surgical biopsy for the diagnosis of both palpable and
impalpable abnormalities.'” The NHSBSP has targets to
reduce the rate of women referred for benign surgical bi-
opsy, repeat operation rates, and targets to avoid early
surveillance/follow-up’; however, no target is set for needle
(cytology/core) biopsy rates. There has been some upward
drift in needle biopsy rates over the years as units try to
increase cancer detection and ensure diagnosis of malig-
nancy prior to referral for surgery. In addition, there is
marked variation in unit needle biopsy rates by a factor of
three times at prevalent screens and a factor of about two
times at incident screens.'!

The aim of the present study was to examine the asso-
ciation between cancer detection and needle biopsy rates
and provide information that could potentially enable the
setting of evidence-based needle biopsy rate ranges.

Materials and methods

Information on cancer detection, recall, and needle
biopsy rates were taken from the national Korner (KC62)
returns sent to Public Health England (PHE) annually and
published by NHS Digital.'” Data in this paper are from 80
screening units over the 7 screening years 2009/10 to
2015/16. The KC62 datasets are based on women as the
denominator and the needle biopsy rate is interpreted as
the number of screened women who have at least one
needle biopsy. There is no information on repeat or
multiple biopsies in these returns. Similarly the KC62
returns record no information on multiple or bilateral
cancers.

The models presented here, mostly look at the associa-
tion between needle biopsy rates (from referral to cytology/
core biopsy) and cancer detection rate where cancer
detection rates are based on all cancers. In practice, 97% of
all cancers are detected following needle biopsies, the other
3% of cancers are almost all detected via open biopsy.
Alternative models can be produced looking at the associ-
ation between cancers detected only from needle biopsy
against needle biopsy rates or the association between any
biopsy (including open biopsy) and cancer detection rate.
The rationale for the choice of models is discussed later,
although it should be noted that in practice the model re-
sults are very similar.

Linear models have been used to examine the association
between biopsy rate and recall rate and non-linear (two
parameter negative exponential) models have been used to
examine the association between biopsy rates and cancer
detection rates. All models are based on data from each of
the 80 screening units and weighted by the number of
women screened by each unit. Full details of the rationale
behind the use of two parameter negative exponential
models are given in Electronic Supplementary Material
Appendix A.

The false-positive needle biopsy rate (referred to in this
paper for clarity as the non-malignant/benign biopsy rate)
is estimated from the non-linear models and defined as the
number of biopsies minus the number of cancers (invasive
and non-invasive cancers) from the model.

Results

Relationship between biopsy rates and recall rate using
linear regression

Prevalent (first) screens (women aged 45—52 years) and
incident (subsequent) screens (53—70 years)

The association between needle biopsy rate and recall
rate over the range of observed values has been modelled
using linear regression weighted by the number of women
screened by each unit. The model is biopsy rate (per 1,000
women screened) = 3.44 x recall rate (%) + 6.74, p<0.001
with an Adj-R? of 50.3% and correlation coefficient of 0.71.
Therefore, for every 1% increase in recall rate at prevalent
screens the biopsy rate increases by 0.344%. The fitted
regression model for incident screens is biopsy rate (per
1,000) = 2.67 x recall rate (%) + 5.41, p<0.001 with an Adj-
R? of 52% and correlation coefficient of 0.73. Therefore, for
every 1% increase in recall rate at incident screens the bi-
opsy rate increases by 0.267%. Fig 1 shows scatterplots of
the biopsy rate and recall rate for prevalent and incident
screens, respectively, with the 95% confidence band. There
are no major departures from the line of best fit although a
few units have high or low biopsy rates for their recall rate.

The linear regression models are applicable over the
range of observed recall rates, but not at lower or higher
values. Note that the models predict impossible biopsy rate
values of 6.74 per 1,000 and 5.41 per 1,000 for prevalent and
incident screens when extrapolated back to 0% recall rates.
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Figure 1 (a) Scatterplot of prevalent (first) screen needle biopsy rate for individual units versus recall rate with 95% confidence band. (b)
Scatterplot of incident (subsequent) screen needle biopsy rate for individual units versus recall rate with 95% confidence band.

An alternative non-linear model (used later to examine the
association between cancer detection rate and biopsy rates)
which goes through the origin (0,0) estimates that biopsy
rate (p=1,000) = 0.92(1—0.94"¢cll rate (%)) The model pro-
vides meaningful biopsy rates over any recall rate and over
the range of observed recall rates the estimated needle bi-
opsy rate using this model is almost the same as for the
linear model. This model can be used when we consider the
association between cancer detection rates and biopsy rates
as non-linear and where the cancer detection rate tends to
plateau at increasing biopsy rates.

In summary, the association between biopsy and recall
rates over the observed range of data can be modelled with
a linear relationship, with increasing numbers of recalls
leading to increasing numbers of biopsies. The rate of bi-
opsies and therefore associated assessment workload per
woman screened tends to be much greater at prevalent
screens.

Invasive cancers detected per women having biopsy at
different recall rates

Table 1 and Fig 2 show the number of biopsies per
invasive cancer detected at different recall rates. As the
recall rate increases there is only a small increase in invasive
cancer detection rate, which leads to an increase in the
number of women undergoing biopsy per invasive cancer

Table 1

detected, and therefore, a diminishing return with
increasing recall rate. As the recall rate is continually
reduced, the number of women undergoing biopsy per
cancer detected would be expected to decrease to nearly 1.0
as only features with a very high probability of being cancer
(e.g., spiculate mass) would be recalled and biopsied. From
linear regression models, it can be predicted that at preva-
lent screens, the number of women undergoing biopsy per
invasive cancer detected increases from 4.6 per invasive
cancer at a recall rate of 5% up to 8.1 per invasive cancer at
10%. At incident screens, a similar pattern of increasing
numbers of biopsies per invasive cancer detected is seen.

Cancer detection rates and biopsy rates and non-linear
models

Table 2 shows the results from the non-linear models for
the predicted invasive cancer detection rate and the non/
micro-invasive cancer detection rate per woman at
different levels of biopsy rate for prevalent and incident
screens. The non-malignant/benign biopsy rate per 1,000 is
simply the rate of women undergoing biopsy minus the
cancer detection rate. These models examining the associ-
ation between cancer detection and biopsy rates are non-
linear and if extrapolated go through the origin (0, 0),
where no biopsies are associated with no cancers detected.
The fitted models (see Electronic Supplementary Material

Number of invasive cancers detected per women having biopsy at different recall rates for prevalent (first) and incident (subsequent) screens.

Recall group Recall rate (units) Mean recall Invasive cancers Women No. of biopsies to detect
rate (%) (rate per 1,000) biopsied one invasive cancer (95%CI)

Prevalent Low <6.5 (24) 5.72 3,550 (5.12) 18,973 5.34 (5.19-5.51)

Medium 6.5—8.4 (26) 7.47 3,449 (5.13) 21,563 6.25 (6.06—6.45)

High 8.5+ (30) 9.47 4,866 (5.24) 37,075 7.62 (7.42—7.82)
Incident Low <2.7 (29) 2.30 18,899 (5.98) 36,032 1.91 (1.89—-1.93)

Medium 2.7—-3.24 (28) 3.01 20,433 (6.26) 45,157 2.21(2.19-2.23)

High 3.25+ (23) 3.60 16,492 (6.48) 38,076 2.31(2.28—2.34)
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Figure 2 Number of women biopsied per invasive cancer detected by
recall rate at prevalent (first) and incident (subsequent) screens.

Appendix B) predict at a prevalent screen biopsy rate of 10
per 1,000 a cancer detection rate of 4.18 per 1,000, and a
non-malignant/benign biopsy rate of 5.72 per 1,000 (57% of
biopsies are non-malignant/benign). This rises to 86% of
biopsies being non-malignant/benign at a biopsy rate of 60
per 1,000. The models also suggest that at a prevalent
screen biopsy rate of more than 40 per 1,000 there is little
increase in invasive cancer detection rate. The incremental
gains at this point become very small. Increasing biopsy
rates from 40 to 50 per 1,000 (an increase of 10 per 1,000)
only increases the cancer detection rate by 0.25 per 1,000,
which is 40 non-malignant/benign biopsies per additional
cancer detected. In contrast, at lower biopsy rates,
increasing biopsy rates from 10 per 1,000 to 20 per 1,000
detects 2.13 per 1,000 extra cancers, which is just under four
biopsies per extra cancer.

Modelled non-malignant/benign biopsy rates for preva-
lent screens and incident screens are shown in Fig 3a and
3b, respectively. Fig 3a shows how the non-malignant/
benign biopsy rate at prevalent screens increases rapidly
from about five per 1,000, in contrast to incident screens

Table 2

(Fig 3b) where the non-malignant/benign biopsy rate does
not rise above the cancer detection rate until about 20 per
1,000.

Discussion

This study has demonstrated the relationship between
cancer detection, recall for assessment, and needle biopsy
rates. As previously shown, an increased biopsy rate was
associated with a decreased proportion of biopsies
demonstrating malignancy.'? A major strength of the pre-
sent study is the large and comprehensive dataset from the
English national programme covering 11.3 million
screening tests over 7 years providing robust information.
Although the NHSBSP has targets for recall rates, there has
been marked variability in rates between units providing a
large observational study on the effects of differing recall
rates and biopsy rates.

The balance between benefit and harm is related to
concepts of optimality and value in healthcare.”® As the
healthcare intervention (in this case screening recall rate
and biopsy rate) is increased, there is an initial rapid in-
crease in benefit (cancer detection). Subsequently, there is a
point where near maximal benefit has been reached and as
further intervention is made the harms related to that
intervention rise with very little increase in benefit. The
point of optimality is that where the benefit is near maximal
and further increased intervention will mostly increase
harm rather than benefit.

Much of the harm associated with screening in the En-
glish NHSBSP occurs at prevalent screens. In contrast
screening is much more effective at incident screens. This is
largely because of higher age associated with increasing
sensitivity of mammography and the availability of previous
images.'* Breast screening programmes need to balance the
detection of cancers against too many non-malignant/
benign biopsies, which cause harm to individual women
and societal costs.”” Fig 3 shows that this is particularly
critical for prevalent (first) screens, where the non-
malignant/benign biopsy rates rapidly increase beyond a

Modelled prevalent (first) and incident (subsequent) screen cancer detection rates by needle biopsy rate using models with results based on all cancers.

Invasive cancer
detection rate

Biopsy rate
per 1,000 women

Cancer detection rate per 1,000

Non/micro-invasive
detection rate

Non-malignant/benign
biopsies per 1,000

Non-malignant/benign
biopsies per cancer

per 1,000 per 1,000 detected

Modelled prevalent (first) screen cancer detection rates

10 4.18 3.18 1.00 5.72 1.34
20 6.31 4.56 1.75 13.69 217
30 7.30 5.16 2.14 22.70 3.11
40 7.80 5.42 2.38 32.20 413
50 8.05 5.53 2.52 41.95 5.21
60 8.18 5.58 2.60 51.82 6.33
Modelled incident (subsequent) screen cancer detection rates

10 7.27 591 1.36 2.73 0.38
15 8.05 6.39 1.66 6.95 0.86
20 8.38 6.54 1.84 11.62 1.39
25 8.53 6.59 1.94 16.47 1.93
30 8.61 6.61 2.00 21.39 2.48
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Figure 3 (a) Modelled association between cancer detection and biopsy rates at prevalent screens. (b) Modelled association between cancer

detection and biopsy rates at incident screens.

biopsy rate about 20 per 1,000 and almost all biopsies are
non-malignant/benign beyond a rate of about 30 per 1,000.

Increased recall and biopsy rates can be driven by a
number of factors. These include anxiety about missed
cancers and the perception of blame being attributed to
radiologists with low cancer detection as well as the legal
focus on Duty of Candour.'° Targets are set for the NHSBSP
designed to maximise cancer detection and the rate of non-
operative diagnosis as well as minimise the use of follow-up
or surgical excision for benign lesions instead of needle
biopsy’ These encourage high needle biopsy rates.

Recalls lead to anxiety, and as shown, the rate of recall is
also directly related to the rate of biopsy, an invasive pro-
cedure with associated risk of complications. Assessment
and biopsy are time and resource consuming. Costs of recall
for assessment have been calculated to be seven times those
of a screening mammogram.!” Negative publicity about
over-diagnosis in the screening programme is rising and
may reduce the acceptability of breast screening to women.
Further, there has been a reduction in uptake of screening in
all four countries of the UK over the last 10 years.'?

Although the present dataset is large, there are some
limitations due to the nature of the data collected. The
number of biopsies per woman or repeat visits for biopsies
is not included. This may be significant for women with
non-malignant/benign biopsies as repeat biopsy is
commonly used to manage women with biopsies that are
either inadequate initially or show indeterminate (B3) le-
sions.'® The models shown in this paper are of needle bi-
opsy rates versus the cancer detection rate. About 3% of
cancers are detected from open biopsy rather than needle
biopsy, and these are included in the cancer detection rate
even though they are not technically from needle biopsies.
The results are similar however the data are analysed. To
avoid the complexity of using too many models or more
complex models that treat the small number of cancers
from open biopsy differently, whilst still including all screen
detected cancers, one association was used to develop the

methods. This is only justified because the proportion of
cancers from open biopsy is very small. A further limitation
of the study is the lack of detailed information on size,
grade, and nodal status of invasive cancers detected at
different biopsy rates.

Any changes to the national programme by setting bi-
opsy rate targets would require careful monitoring to
ensure no detrimental effects to the screening programme
were occurring. Particular attention needs to be taken to
ensure any reduction in biopsy rates does not affect detec-
tion rates of small higher-grade invasive cancers. By setting
recall rate targets, biopsy rates may be affected and vice-
versa. It is therefore probably not advisable to introduce
both recall rate and biopsy rates targets or changes in tar-
gets at the same time. Any changes to either recall rates or
biopsy rates would require close monitoring.

In summary, over the last quarter of a century or more
the English NHSBSP has been more focussed on improving
sensitivity than specificity. Recall rates higher than targets
have tended to be tolerated in preference to low invasive
cancer detection rates. This study demonstrates that high
recall rates are associated with high biopsy rates and high
non-malignant/benign biopsy rates, which contribute to the
harms of screening.
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