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Abstract

Objective To develop methods to model the relationship between cancer detection and recall rates to inform professional standards.

Methods Annual screening programme information for each of the 80 English NHSBSP units (totalling 11.3 million screening

tests) for the seven screening years from 1 April 2009 to 31 March 2016 and some Dutch screening programme information were

used to produce linear and non-linear models. The non-linear models estimated the modelled maximum values (MMYV) for

cancers detected at different grades and estimated how rapidly the MMV was reached (the modelled ‘slope’ (MS)). Main

outcomes include the detection rate for combined invasive/micro-invasive and high-grade DCIS (IHG) detection rate and the

low/intermediate grade DCIS (LIG) detection rate.

Results At prevalent screens for IHG cancers, 99% of the MMV was reached at a recall rate of 7.0%. The LIG detection rate had no

discernible plateau, increasing linearly at a rate of 0.12 per 1000 for every 1% increase in recall rate. At incident screens, 99% of the

MMV for IHG cancer detection was 4.0%. LIG DCIS increased linearly at a rate of 0.18 per 1000 per 1% increase in recall rate.

Conclusions Our models demonstrate the diminishing returns associated with increasing recall rates. The screening programme

in England could use the models to set recall rate ranges, and other countries could explore similar methodology.

Key Points

* Question: How can we determine optimum recall rates in breast cancer screening?

* Findings. In this large observational study, we show that increases in recall rates above defined levels are almost exclusively
associated with false positive recalls and a very small increase in low/intermediate grade DCIS.

* Meaning: High recall rates are not associated with increases in detection of life-threatening cancers. The models developed in
this paper can be used to help set recall rate ranges that maximise benefit and minimise harm.
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Introduction

Screening aims to detect breast cancers early to maximise the
success of treatment and reduce breast cancer mortality [1].
There is controversy about the magnitude of both benefits and
harms [2]. The drive to detect as many breast cancers as possible
to maximise sensitivity, regardless of biological aggressiveness,
leads to over diagnosis of cancers that would not otherwise ap-
pear or cause problems to an individual woman in her life time
and can lead to over treatment [2]. This also leads to high recall
rates, which in turn leads to anxiety and societal cost.

The English NHSBSP invites women to 3-year mammog-
raphy between the ages of 50 and 70 years. Since 2010, as part
of the AgeX trial [3], first invitations now occur in the age
range of 45-52 years. Double reading is standard. Women
recalled undergo ‘triple assessment’ and can have a clinical
examination, further imaging (including mammography and
ultrasound) and if the results are suspicious, a needle biopsy.

In the UK, invasive cancer detection rate targets are in-
formed by the Swedish-Two County randomised controlled
trial, which detected nearly all cancers as invasive [4] and
are age-standardised [5]. European cancer detection rate tar-
gets are set as three times the underlying incidence rate for the
first screen and 1.5 for subsequent screens [6]. Detection of
non-invasive cancers is more controversial. High rates of
DCIS have been associated with high rates of small high-
grade invasive cancers [7]. A retrospective analysis of 5.2
million women from 2003 to 2007 showed a significant neg-
ative association of screen-detected DCIS and rate of interval
cancers [8]. However, benefits from detecting low-grade
DCIS have been increasingly questioned. SEER data from
the USA showed that surgery added no survival benefit for
low-risk disease [9], and retrospective analysis of the trial and
observational data suggests that low-grade DCIS had a very
low rate of progression. If low-grade DCIS does recur as in-
vasive cancer, it generally does so as low-grade invasive can-
cer, where survival and treatment are excellent [10, 11].

The recall rate policies of different countries lack a
strong evidence base and are driven by the perceived val-
ue of a high specificity, i.e. the value placed on
minimising harms relative to benefit. Consequently, there
is a wide variation in practice. Targets for recall rate
ranges vary from 2% (previously 1%) in Holland [12] to
a recommended upper threshold of 12% in the USA [13].
Europe and the UK National Health Service Breast
Screening Programme (NHSBSP) set separate targets for
recall rate. Prevalent (first) screen is < 5% in Europe with
a minimum standard of <7% (but <7% and < 10%, re-
spectively in the NHSBSP). At incident (subsequent)
screens, the European target is <3% with a minimum
standard <5% (<5% and <7% in the NHSBSP) [6]. In
England, attempts to reduce the recall rates at prevalent
screens have not been successful, with 61% of screening

units exceeding the 7% target in 2015/2016 [14]. The
same is true in the USA where from a sample of 359
radiologists, 37.8% had a recall rate above 12% [13].

This study aims to model the relationship between cancer
detection and recall rates with a view to inform evidence-
based recall rate ranges (to balance harms and benefits) by
using data from England supplemented by published data
from Holland.

Methods

Cancer detection rates and recall rates are taken from the na-
tional (KC62) returns sent to PHE annually and published by
NHS Digital [14]. Additional data at low recall rates have
been obtained from published data from the Dutch national
screening programme [12], where the focus is on maintaining
a defined low recall rate. We have used prevalent screens
because the Dutch programme uses a 2-year rather than the
English 3-year interval, so incident screens are less
comparable.

Data are from the 80 English screening units for the seven
screening years 2009/2010 to 2015/2016. The KC62 annex
provides anonymised information on grade, nodal status and
size for each cancer. The analyses are based on restricting the
data to prevalent screens at ages 45—52 and incident screens at
ages 53-70 to ensure maximum comparability between units.
The study has no patient contact, intervention or use of iden-
tifiable patient data and is therefore exempted from ethical
review in the UK.

English data for prevalent screens has been analysed as
four groups with recall rates of < 6%, 6—7.49%, 7.5-8.99%
and 9+ %. Further models using English data only are based
on individual data on all 80 units weighted by the number of
women screened by each unit to allow adjustment for any
potential confounding factors, including age. We estimate that
for the period 2009/2010 to 2015/2016, about 65% of screens
in England used digital mammography, and the Dutch data
has been weighted to give equivalent data. Incident screens
have been analysed as four recall rate groups <2.5%, 2.5—
2.9%, 3-3.49% and > 3.5% or as 80 screening units weighted
by the number of women screened by each unit.

A linear test of trend across the four English recall rate
groups used binomial regression with mean recall rate entered
in the model and risk difference specified. Although of limited
value, as the true relationship is non-linear, the finding of no
significant evidence of a trend (p > 0.1) is taken as evidence
that cancers are mostly detectable at the lower recall rates.

To measure the relationship between cancer detection and
recall rates, the observed data were fitted with two-parameter
negative exponential models except for the low/intermediate
grade DCIS (LIG) data which were better fitted with a linear
model (y = bx), where y is the detection rate, x the recall rate

@ Springer



3814

Eur Radiol (2019) 29:3812-3819

and b the gradient. All models go through the origin (0,0)
where no women recalled equates to no cancers detected.
The two-parameter negative exponential models (v =b(1
—b,")) give two values. The parameter b, is the modelled
maximum value (MMV), which is the maximum possible
detection rate achieved by just increasing recall rates. The
parameter b, is a value between 0 and 1.0; we have termed
the modelled slope (MS) which gives the rate at which the
MMV is reached. Low b, values, e.g. 0.2, indicate that detec-
tion rates rise very quickly with increasing recall rate whilst a
high-value b,, e.g. 0.8, indicates that rates rise more slowly.
The recall rate associated with 95% of the MMV (P95) is
calculated as In(1—p)/In(MS) where p =0.95 and a recall rate
of 99% of the MMV (P99) by p=0.99, etc. All statistical
analysis was conducted using STATA version 14 or 15
(StataCorp).

Results

Between 1 April 2009 and 31 March 2016, there were
11,258,620 screens included in this study, of which
2,295,016 screens were routine prevalent screens at ages 45—
52 years and 8,963,604 incident screens at ages 53—70 years.

Cancer detection and recall rates

Table 1 shows the English screening unit data for prevalent
screens grouped by recall rate with additional Dutch infor-
mation in the footnote. Table 1 also shows information on
the grade of cancers, the significance of the trend across
recall rate groups, the modelled association and the
modelled maximum value (MMV). Figure 1 shows the
modelled association between the prevalent screen cancer
detection rate and recall rate (y=7.71 (1-0.66)) and the
models separately for invasive (y=5.26 (1-0.56")) and
non-invasive cancers (y =2.68 (1-0.81%)). The modelled
slope (MS) for invasive cancers at 0.56 indicates that the
curve rises more rapidly and then reaches a near plateau
quicker than for all cancers (MS =0.66) and non/micro-
invasive cancers (MS =0.81). The MS value for non/
micro-invasive cancers of 0.81 indicates a much slower
rise in detection rates increasing beyond the highest ob-
served recall rates. The models are very similar for
English-only data weighted by number of women screened
(see Appendix Table B2).

There is a substantial difference between high-grade DCIS
and LIG and therefore a model for all non-invasive cancers is
inadequate. There is no trend for grade 3 invasive cancers (p =
0.78) nor for high-grade DCIS (p =0.83) across recall rates,
and we conclude that they are generally detected at the lowest
recall rates. For LIG, the test of trend is highly significant
(p<0.001), and a linear model gives a better fit to the data

@ Springer

predicting the rates increase by 0.12 per 1000 for each 1%
increase in recall rates with no evidence of a maximum value.
A MMV is therefore given for all cancers except for LIG.

Table 2 shows similar information to Table 1, but for inci-
dent screens. Trends are seen for grades 1 and 2 invasive
cancers and LIG. Again, for LIG detection, a linear model
gives a better fit, suggesting that the detection rates increase
by 0.18 per 1000 per 1% increase in recall rates with no evi-
dence of a maximum value.

IHG cancer and LIG DCIS detection by recall rate

We have combined invasive, micro-invasive and high-grade
DCIS rates, termed the IHG detection rate (shown in the last
row of Tables 1 and 2). The modelled values are shown in
Fig. 2a for recall rates (%), and Fig. 2b for false positive recall
rates per 1000. Note that the graphs look similar because most
women recalled do not have cancer. The model for the prev-
alent screen IHG detection rate with recall rate is y = 6.41(1—
0.52%). It predicts 95% of the MMV at a recall rate of 4.6%,
and 99% at a recall rate of 7.0%. For incident screens, the
model is y =7.53(1-0.32%), and the recall rates needed to de-
tect 95% and 99% of the MMV for IHG are 2.6% and 4.0%,
respectively. The graphs show that most additional recalls
above 7.0% at prevalent screens, and 4.0% at incident screens
are false positive recalls with only a small increase in LIG
detection.

False positive recall rates

We can predict the number of false positive (non-cancer) re-
calls (FPR) per 1000 women that will occur with increasing
recall rate. The FPR rates are shown for prevalent screens in
Fig. 2c and incident screens in Fig. 2d together with vertical
lines indicating the recall rates associated with detection of
95% and 99% of the MMV for IHG cancers. For prevalent
screens, the FPR = [10x — (6.4(1-0.52%) + 0.12x)], and for in-
cident screens, the FPR=[10x — (6.5(1—0.32X)+0.18x)]
where x is the recall rate in percent. These formulae are based
on the models for IHG cancers and LIG DCIS considered
separately as we can only fit a linear model to the LIG DCIS
detection rates. At prevalent screens, P95 and P99 values for
IHG correspond to FPR per 1000 rates of 39.4 and 62.8, re-
spectively, giving a positive predictive value (PPV) of recall
of 14.3% and 10.3%, respectively. For IHG detection, the
difference between P99 and P95 value is an increase of 0.26
per 1000 and requires that false positive recalls increase by
23.4 per 1000, which is 90 false positive recalls per additional
IHG cancer detected. From P99 to P99.9, the absolute increase
in IHG rate is 0.06 per 1000, but we need to increase the false
positive rates by 35.1 per 1000 to 97.9 per 1000 (the PPV has
dropped to 7.2%), which is 585 false positive recalls per ad-
ditional IHG cancer detected.
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Table 1 Prevalent screen-observed rates of women aged 45-52 by recall rate group including information on grade of invasive cancer and grade of
non-invasive cancer, modelled maximum value (MMYV) for detection rate and the final two-parameter negative exponential model

Group 1 Group 2 Group 3 Group 4 Trend” p  Model/MMV
value 95% CI)°

Recall rate range <6 6-7.49 7.5-8.99 9+

Mean recall rate 528 6.64 837 9.84

Units (V) 14 23 21 22

Screened 378,744 691,293 592,112 632,867

Mean age (years) 50.3 50.4 50.3 50.3

Invasive (rate per 1000) 1928 (5.09) 3520 (5.09) 3022 (5.10) 3395 (5.36) 0.04  y=1524(1-0539)
5.24 (5.06-5.42)

Grade 3 (rate per 1000) 361 (0.95) 648 (0.92) 577 (0.97) 604 (0.95) 078  y=10.97 (1-0.59")
0.97 (0.87-1.07)

Grades 1 and 2 (rate per 1000) 1567 (4.14) 2872 (4.15) 2445 (4.13) 2789 (4.41) 0.03  y=4.26 (1-0.50")
426 (4.09-4.43)

Micro-invasive 21 (0.06) 60 (0.09) 37 (0.06) 42 (0.07) 0.74

Non-invasive (rate per 1000) 678 (1.8) 1382 (2.0) 1222 (2.1) 1460 (2.3) <0.001 y=2.50(1-0.79")
2.50 (2.02-2.99)

High-grade DCIS (%) 61.2 54.8 54.4 46.6

High-grade DCIS (rate per 1000) 415 (1.10) 757 (1.10) 665 (1.12) 680 (1.08) 083  y=1.10(1-042")
1.10 (1.02-1.17)

Low/intermediate grade DCIS (rate per 1000) 263 (0.69) 625 (0.90) 557 (0.94) 780 (1.23) <0.001 N/AC linear model
y=0.12x gives
better fit.

IHG (inv/micro/HG DCIS) 2364 (6.24) 4337 (6.27) 3724 (6.28) 4115 (6.50)  0.09  y=6.41(1-0.529)

6.41 (6.01-6.81)

Dutch data from van Luijt et al (ref 12) for 65% digital usage at age 4951 years estimated as cancer detection rate 6.22 per 1000, invasive 4.75 per 100
and non-invasive 1.47 per 1000 at a recall rate of 4.07%

#Evidence of trend based on binomial regression (binreg command in STATA with mean recall rate entered for each group and risk difference specified)
® Maximum rate predicted by two-parameter negative exponential (non-linear) model
“Note the low/intermediate grade DCIS data is better fitted with a linear model (p < 0.001) than a non-linear model (p = 0.21), and therefore it is not

possible to estimate a maximum detection rate (any maximum is likely to be at much higher recall rates than used by English units)

At incident screens, the FPR rates for P95 and P99 values
are 18.7 per 1000 and 32.2 per 1000, respectively, giving PPV
of recall of 25.5% to 17.9%, respectively. This is a difference
of 13.5 per 1000 in the false positive rate to detect a difference
in THG rate of 0.30 per 1000 (45 false positive recalls per
additional THG cancer). To increase from P99 to P99.9 incurs
317 false positive recalls per additional IHG cancer. The
models therefore predict rapidly diminishing returns from in-
creasing recall rates, where above the P99 recall rate, almost
all recalls are false positive, except for a very small increase in
LIG. Figure 2b shows graphically that a unit operating at a
false positive recall rate of 100 per 1000 detects almost no
more IHG cancers than one operating at 40 per 1000. It detects
about one extra LIG detected per 1000 women screened.

P99 values by grade of cancer at incident screens

Figure 3 shows modelled data of incident screen cancers by
grade against recall rate. Nearly all grade 3 invasive cancers

are detected at a recall rate of 2.5%, grade 2 cancers at a recall
rate 0f3.9% (95% CI 2.7-5.6%) and grade 1 cancers at a recall
rate of 5.2% (3.0-9.3%). Grade 3 invasive cancers at incident
screens tend to be larger than grade 2 and grade 1 cancers.
Further analysis shows that at incident screens, the additional
grades 1 and 2 invasive cancers from increasing recall rates
(see Table 2) are ductal rather than lobular or any other histo-
logical type. We conclude that the increased detection in in-
vasive cancers between units in England using the higher
compared to lower recall rates is mostly a small increase in
grades 1 and 2 ductal invasive cancers.

Discussion

We have modelled the relationship between cancer detection
rates and recall rates and shown that for prevalent screens,
99% of the maximum modelled value (MMYV) for IHG can-
cers is achieved at an estimated recall rate of around 7%.
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Table2  Incident screen-observed rates of women aged 53—70 by recall rate group including information on grade, modelled maximum value (MMYV)
of detection rate and the final two-parameter negative exponential model

Group 1 Group 2 Group 3 Group 4 Trend® p value Model/MMYV (95% CI)°
Recall rate range <25 2.5-2.99 3-3.49 3.5+
Mean recall rate 221 2.79 3.22 3.81
Units (N) 23 19 26 12
Screened 2,584,083 2,040,891 2,972,227 1,366,403
Mean age (years) 61.6 61.5 61.6 61.7
Invasive (rate per 1000) 15,551 (6.02) 12,566 (6.16) 18,943 (6.37) 8758 (6.41) < 0.001 y=6.46(1-0.30")
6.46 (6.25-6.67)
Grade 3 (rate per 1000) 3344 (1.29) 2714 (1.33) 3845 (1.29) 1734 (1.27) 0.49 y=129(1-0.25")
1.29 (1.23-1.34)

Grades 1 and 2 12,208 (4.72) 9852 (4.83) 15,098 (5.08) 7024 (5.14) <0.001 y=520(1-0.359)

(rate per 1000) 5.20(4.98-5.42)
Micro-invasive 139 (0.05) 141 (0.07) 155 (0.05) 119 (0.09) 0.01
Non-invasive 3550 (1.37) 3064 (1.50) 4353 (1.46) 2247 (1.64) <0.001 y=1.63 (1-0.43")

(rate per 1000) 1.63 (1.48-1.77)
High-grade DCIS (%) 66.8 61.0 63.6 59.8
High-grade DCIS 2371 (0.92) 1869 (0.92) 2769 (0.93) 1344 (0.98) 0.07 y=0.95(1-0.25%)

(rate per 1000) 0.95(0.89-1.02)
Low/intermediate grade 1179 (0.46) 1195 (0.59) 1585 (0.53) 903 (0.66) <0.001 N/A data is considered

DCIS (rate per 1000) to be better fitted with

linear model y=0.18x.
See note ¢ below.
IHG (inv/micro/HG 18,061 (6.99) 14,576 (7.14) 21,867 (7.36) 10,221 (7.48) <0.001 y=753(1-0.32)
DCIS) 7.53 (7.14-7.93)

The two-parameter negative exponential model suggests that 99% of low/intermediate grade DCIS is detected at a recall rate of 5.6% which is well above
the observed recall rates, and the linear model suggests rates increase at 0.18 per 1000 for every 1% increase in recall rate. Any maximum detection rate is
therefore likely to be at much higher recall rates than used by English units

*Evidence of trend based on binomial regression (binreg command in STATA)
® Maximum rate predicted by two-parameter negative exponential (non-linear) model

¢ Note the low/intermediate grade DCIS data is equally well fitted with a linear model y = 0.18x as a non-linear model (y = 0.73(1-0.62")), and therefore it
is not possible to estimate a maximum detection rate with any confidence. Further information on models is given in the supplementary material
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programmes need to maximise the detection of higher risk
cancers, whilst trying to minimise over diagnosis and false
positive recalls to assessment.

Our findings agree with a direct comparison of the US and
UK data which showed that recall rates were twice as high in
the USA, but the invasive cancer detection rates similar, and
the non-invasive detection rates higher [16].

The strength of this study is the large and comprehensive
dataset from the English national programme enhanced by
data at lower recall rates at prevalent screens from Holland.
The effect of very low recall rates on reducing cancer detec-
tion has been shown before [17], but not the plateau effect for
IHG cancers and the continuing increase in low/intermediate
grade DCIS (0.12 per 1000 for each 1% increase in recall rate
at prevalent and 0.18 per 1000 for each 1% increase in recall
rate at incident screens).

The current recall rate targets lack a strong scientific
basis. Our solution is to fit models to the observed data
and use these to examine the association between detec-
tion rates and recall rates. No model is perfect, but our
interest is in whether it is informative. The models are
explicit and can be critically examined and therefore,
potentially updated.

In the analyses in this paper, our interest is in the relative
detection rates achieved by units within the NHSBSP in rela-
tion to their recall rates. In England, there is rigorous training,
guidelines and individual and unit performance monitoring in
a double reading environment. There is also a requirement for
all readers to read a minimum of 5000 films per year to remain
accredited. There is little or no confounding by background
incidence across these units [18].

There are limitations associated with the observational
nature of the study and the form of available data. The
KC62 returns do not allow us to examine breast density
or other potential confounding factors such as population
characteristics. All women in the study are asymptomatic
women undergoing routine screening, and we would not
expect much variation in characteristics of women between
screening units. We have supplemented our data with that
from the Dutch programme at lower recall rates, but
models with only English data give similar results. This
should not be taken as evidence that the results from our
models directly apply to the Netherlands or any other
countries’ screening programmes. National screening
programmes vary in screening intervals, age ranges and
underlying background incidence as well as using different
equipment and programme design. This type of modelling
could, however, be undertaken by other countries’ screen-
ing programmes, but large numbers of screened women are
required where outcomes are rare (such as LIG cancers).

We assume that the huge variation between Dutch, UK
and US recall rates is not primarily a matter of film-reading
skill, but more of perceived values in balancing sensitivity
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with specificity. We make the same assumption between
units within England. Once a unit assessment clinic work-
load is determined following its perceived sensitivity/
specificity trade-off, there is rarely much variations in that
unit’s recall rate. Due to these underlying assumptions in
the models, any change in a unit’s recall rates needs to be
very carefully monitored to ensure that the changes to can-
cer detection rates are in line with the models.

We have specifically concentrated on modelling the rela-
tionship between cancer detection rates and recall rates, and
we have not tried to review the absolute sensitivity of screen-
ing. This is because interval cancer ascertainment is both dif-
ficult and less timely. However, we have historical data of
programmes with low recall and cancer detection that improve
on increasing recall supporting our argument [17] and have
previously demonstrated the inverse relationship between in-
terval cancer rates and cancer detection [18]. A recent paper
by Burnside et al using film-screen data from the NHSBSP
has shown that there is a small decline in interval cancers with
increasing recall rate [19]. They show one extra interval can-
cer prevented per 180 additional recalls at prevalent screens
and one per 80 recalls at incident screens and concur that there
should be a minimum recall rate.

About a quarter of English units are currently using incident
screen recall rates below 2.6%. Our study suggests that if units
moved toward the optimum incident screen recall rate of around
3.1% (range 2.6 to 4%), there would be an overall gain in inva-
sive cancers detected, and interval cancer rates may be reduced.

In our study, the modelled maximum value (MMYV) is
the maximum achievable detection rate from an increase in
recall rates with the given technology and double reading.
Additional work looking at models for prevalent screens
estimated at 100% (rather than 65%) digital gives very
similar results. We see no reason to think that the underly-
ing model should produce a different pattern for single
reading or different technology. In the most recent data
from Oslo, digital breast tomosynthesis improved the
sensitivity/specificity trade-off, i.e. decreased recall rate
and increased cancer detection without a reduction in in-
terval cancers [20]. The excess cancers tended to be small-
er, lower grade and node negative suggesting new technol-
ogy might make the slope of the curve (MS) steeper lead-
ing to a P99 MMV at an even lower recall rate.

Finally, high-quality population screening is about
maximising saved lives whilst minimising harm incurred in sav-
ing those lives. So a good question is, for example is a pro-
gramme with 95% THG MMV and a 3-year interval more or less
efficient than a programme with an 85% IHG MMV using a 2 or
even l-year interval. This is beyond the scope of this current

paper.

Conclusions The English screening programme could consider
the evidence in this paper to inform the setting of a target recall
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rate range. Whilst the specific results from our models are not
likely to be generalisable to other countries, the general find-
ing that higher recall rates tend to be associated with increas-
ing detection of LIG DCIS, but not, for example grade 3
invasive cancers, is an important outcome. Other countries
could consider using similar methodology to determine their
optimum recall rate.
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