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Abstract
Objectives—To enable better monitoring
of interim outcome measures in the NHS
Breast Screening Programme by provid-
ing revised targets for cancer detection
rates, and revised expected interval can-
cer rates.
Design and setting—Expected detection
rates of invasive cancers at prevalent
screen are calculated, using estimates of
the underlying England and Wales inci-
dence rates and age specific prevalence
:incidence ratios from the Swedish Two
County Study. Expected interval cancer
rates are also derived from this study, and
are used to calculate expected detection
rates at rescreening.
Results—The expected invasive cancer
detection rates at first screen for women
aged 50–52 is 3.6 per 1000. The expected
rate at rescreening for women aged 53–64
is 4.0 per 1000. Expected interval cancer
rates for women screened from 1995/6
onwards are 0.45 per 1000, 0.65 per 1000,
and 1.2–1.3 per 1000 for the periods within
0–<12, 12–<24, and 24–<36 months of
screening.
Conclusions—The target cancer detection
rates and expected interval cancer rates
for the NHS Breast Screening Pro-
gramme have been revised in the light of
more recent data. Monitoring of the
extent to which the programme is meeting
these revised targets will give a more
accurate indication of the potential to
meet the Health of the Nation target of a
25% reduction in breast cancer mortality
by the year 2000.

(J Epidemiol Community Health 1998;52:111–115)

It will be many years after the introduction
of a breast screening programme before the
outcome in terms of a reduction in mortality
from breast cancer can be expected. In the
meantime, it is important that interim out-
come measures are monitored to determine if
the programme is performing satisfactorily.
One of the main such outcome measures will
be the cancer detection rate, both at first
(“prevalent”) and subsequent (“incident”)
screens. The rate of interval cancers arising in
the period after a negative screen is also an
important interim outcome measure of the
eVect of screening. It provides information on
the sensitivity of the screening being carried
out, and on the probable future impact of

screening on mortality. Targets were also set
for the first time for the incident screening
round.
The NHS Breast Screening Programme,

established in 1988 on the recommendations
of the Forrest Committee,1 has always recog-
nised the need for quality assurance of all
aspects of the programme. In 1989, guidelines
for quality assurance of mammography were
published,2 which included outcome objec-
tives to be assessed by “acceptable values” for
a number of measurements (table 1), includ-
ing the cancer detection rate at prevalent
screens.
In January 1993, updated objectives were

published,3 which included both “acceptable”
and “achievable” standards for a number of
criteria. The acceptable value for referral for
assessment was reduced from less than 10% to
less than 7%, and a target malignant to benign
biopsy ratio of at least 1:3 was changed to a
ratio of at least 1:1, the latter two targets
applied to both prevalent and incident screens.
These figures are also shown in table 1.Neither
document specified explicitly how the stand-
ards had been arrived at, although they were
largely based on experience from research trials
of breast screening by mammography, notably
the Swedish Two County study, which
achieved a 30% mortality reduction after seven
years of follow up.4

Expected rates of interval cancers after
negative screens were also published in 1993,5

together with definitions of what should be
included as interval cancers. Again these were
based on the interval cancer rates observed in
the Swedish Two County study,6 but applied to
the estimated underlying annual incidence rate
for the UK. It is anticipated that the NHS
Breast Screening Programme, within its cur-
rent three year screening interval, will need to
achieve similar rates to reach the Health of the
Nation target of a 25% reduction in breast
cancer mortality by the year 2000.
A working group set up in 1994 has been

re-examining all these targets in the light of
greater experience and updated information.
In particular, it is now recognised that targets
for cancer detection rates and estimates of
interval cancer rates should apply to invasive
cancers only. This is because the underlying
incidence rates used to derive the targets will in
general be those for invasive disease. Microin-
vasive cases should also be excluded from the
invasive cancer rates.
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Invasive cancer detection rates at first
screen
The expected cancer detection rate at the first
(“prevalent”) screen is dependent on the
underlying, or background, incidence rate and
on the prevalence to incidence ratio, taking into
account the sensitivity of screening. Both of
these factors vary with the age of the women
being screened.7

Now that the NHS Breast Screening Pro-
gramme is well established, women being
invited for screening for the first time will be
aged between 50 and 52, because those aged 53
and over should already have received at least
one invitation. The average age of new invitees
will therefore be approximately 51 years 6
months.

UNDERLYING INCIDENCE RATES

The underlying incidence rate of breast cancer
for England and Wales has in the past been
taken from the OYce of Population Censuses
and Surveys (OPCS) published data.However,
a recent exercise undertaken by Prior et al8

from which more complete data from cancer
registries have been compiled, showed that the
OPCS figures may underestimate the true inci-
dence by approximately 10%. The updated
data, together with OPCS data, where avail-
able, are shown in table 2 for the period 1980–
1992.
There has been an increasing trend in

incidence over the entire period, but the rate of
increase from 1988 onwards is greater because
of the impact of the screening programme.
Therefore 1987 is the last year that can be used
to provide information on incidence rates in
the absence of widespread screening. Using
data for this year, and assuming a log-linear
relation between age (between 50 and 64) and
incidence rate, gives an estimated true back-
ground incidence rate for women aged 51.5
years of 1.60 per 1000.

It is possible to extrapolate the trend for
1980–1987 onward to 1995, giving an estimate
of 1.86 per 1000. Because of the uncertainty
surrounding such extrapolation, the midpoint
of the two estimates has been used, giving a rate
of 1.73 per 1000. Clearly for years other than
1995, the estimates will diVer slightly.

PREVALENCE:INCIDENCE RATIO

Data from the Swedish Two County Study
have been used to provide estimates of the
prevalence:incidence ratio. Data from the UK
Trial of Early Detection of Breast Cancer
(TEDBC) are not applicable because screen-
ing included both mammography and physical
examination.9 However, it should be noted that
the Two County Study used single view mam-
mography, whereas in the NHS Breast Screen-
ing Programme approximately half the pro-
grammes have been using two views in the
prevalent round, and all are being advised to do
so in the future. This is because of evidence,
both from the UKCCCR trial of one compared
with two view mammography10 and from the
results of the NHS Breast Screening
Programme11 that screening by two views in the
prevalent round leads to a higher cancer detec-
tion rate, as well as a lower recall rate to assess-
ment. The prevalence:incidence ratios from the
Two County study may therefore underesti-
mate those we should expect.
The age specific prevalence:incidence ratios

for the Swedish Two County Study (DuVy,
personal communication, 1995) for invasive
cancer only are from table 3. (The variation in
this ratio with age will be caused by differences
both in sensitivity and in the mean pre-clinical
duration of the disease; it is not possible to
separate the two eVects).
Again assuming a log-linear relation with

age, the estimated prevalence:incidence ratio at
age 51.5 is 2.10.
Multiplying this figure by the estimated

background incidence of 1.73 per 1000 derived
earlier gives a predicted cancer detection rate
of 3.63 per 1000 for women aged 50–52.
To allow past rates, and also those in older

women who failed to attend for screening at
first invitation, to be compared with the new
targets, the methods described above have been
used to calculate expected cancer detection
rates in other age groups. These are also shown
in table 3.

Table 1 Previous NHSBSP targets

19892 19933

Prevalent screen
Referral rate < 10% < 7%
Cancer detection rate > 5 per 1000 > 5 per 1000
Detection of cancer < 10 mm > 1.5 per 1000 > 1.5 per 1000

Incident screen
Cancer detection rate — > 3.5 per 1000

Prevalent/incident
Malignant:benign ratio > 1:3 > 1:1
“Interval” cancers within 12 months < 6 per 10 000 < 3 per 10 000

Table 2 Published and revised invasive breast cancer incidence rates per 10 000 women7

Age group

50–54 55–59 60–64 Total 50–64

OPCS Revised OPCS Revised OPCS Revised OPCS Revised

1980 14.53 18.44 19.46 17.45
1981 13.91 15.20 16.22 17.87 17.18 18.94 17.34
1982 14.59 15.71 16.65 18.19 18.52 20.38 18.11
1983 13.90 15.47 16.39 18.15 17.45 19.72 17.84
1984 13.97 15.40 16.53 18.24 18.11 19.80 16.28 17.90
1985 14.38 16.30 16.03 18.04 19.29 21.68 16.64 18.75
1986 15.44 16.99 16.77 18.23 19.79 21.45 17.38 18.93
1987 14.95 16.69 17.24 19.05 20.90 22.91 17.72 19.58
1988 17.55 20.15 23.79 20.50
1989 18.42 22.42 25.80 22.17
1990 20.12 24.20 29.71 24.61
1991 22.44 27.31 30.51 26.70
1992 23.18 26.54 29.73 26.42
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Invasive cancer detection rates at
rescreening
Women being invited for rescreening will be
between ages 53 and 64. The average ages of
women in the age band 50–54 will therefore be
54.0. Using the method above gives estimated
background incidence rates at this age of 1.86
per 1000 (again taking the midpoint between
the 1987 rate and the extrapolated rate for
1995). The rates for women aged 55–59 and
60–64 for 1987 can be taken directly from table
2, the mean of these values and the extrapo-
lated rates being 20.6 and 23.8 respectively.
Weighting these incidence rates by the

estimated populations in 1987 from OPCS
data12 gives an incidence rate for women aged
53–64 of:

(1.86×519 300)+(2.06×1 360 600)
+(2.38×1 376 300)

3 256 200
=2.16 per 1000

If there were no interval cancers, and assum-
ing no overdiagnosis by screening, the expected
detection rate at three yearly rescreening would
be three times the annual background inci-
dence. Therefore the cancer detection rate can
be estimated by subtracting the expected inter-
val cancers from this figure.
This calculation is based on the theory that

an “unbiased set” of cancers from which length
bias has been removed can be identified as
those occurring in the interval between screens
plus those detected at rescreening.13 The
theory relies on a number of assumptions. It
assumes that the incidence of preclinical
disease in the interval between screens will be
equal to the incidence of clinical disease. It also
assumes that the sensitivity of screening will be
unaVected by age, and will be the same at
rescreening as at the prevalent screen. Further
work is planned to investigate the possibility of
producing more accurate estimates, although
other proposed methods have resulted in simi-
lar estimates to that obtained here.
Targets for interval cancers in the NHS

Breast Screening Progamme have again been
recalculated below using updated data from the
Swedish Two County study. Over a three year
period these rates are 38% of the underlying
incidence rate. The expected interval cancer
detection rate can therefore be calculated as:

3×2.16×0.38
=2.46 per 1000

and the expected cancer detection rate as:

(3×2.16)−2.46
=4.02 per 1000

For individual age groups, the expected rates
are :

53–54 3.46 per 1000
55–59 3.79 per 1000
60–64 4.42 per 1000

The invasive cancer detection rate targets
have therefore been set at 3.6 per 1000 for
prevalent screens (that is, women invited for
the first time aged 50–52) and 4.0 per 1000 for
rescreening in women aged 53–64.
The range of rates that include these targets

within the 95% confidence intervals, for diVer-
ent numbers of women screened is shown in
table 4.
It is recognised that the actual detection rate

at rescreening will be influenced by a number
of factors including the detection rate at the
previous screen, and the rescreening interval.
These targets may therefore be less robust than
those for the prevalent round, and results from
individual programmes will require careful
interpretation.

Additional targets
The revised standard screening oYce returns
(KC62) for the NHS Breast Screening Pro-
gramme allows calculation of rates of invasive
cancers <10 mm and <15 mm in diameter.
A target of at least 50% of invasive cancers to

be <15 mm in diameter has been set, based on
data from the Swedish Two County Study.14

Calculation of rates of small invasive cancers
should exclude microinvasive cancers.
It is expected that between 10 and 20% of

screen detected cancers will be in situ or
microinvasive. Missing data on size of cancers
cause considerable problems in evaluation of
these data.
It is therefore also proposed that a target

should be set for the number of invasive
cancers of unknown size to be <= 5%.

Interval cancer rates
The 1993 targets were based on an underlying
breast cancer incidence rate for women aged 50
to 64 of 1.7 per 1000 per annum, taken from
OPCS data. The incidence of interval cancers
after a negative screen in the Swedish Two
County Study, in the age-group 50–69 had
been reported as 13% of the underlying
incidence in the first year, and 29% in the sec-
ond year. This study had an average screening
interval of 33 months in this age group, and for
the third year period an interval cancer rate of
45% was observed.
Applying these percentages to the underlying

UK incidence rate produced expected rates of
0.22, 0.49, and 0.77 per 1000 for the first, sec-
ond, and third years after screening. On the
basis of these figures, targets were set at
0.2–0.3, 0.4–0.5, and 0.7–0.8 per 1000 for the
three years.

REVISED TARGETS

As discussed above, it has recently become
apparent that OPCS data underestimate the
actual UK incidence, and that there was an
increasing trend in incidence before 1987. The
background incidence rate of 2.16 per 1000 cal-
culated above for women aged 53–64 has been

Table 3 Expected invasive cancer detection rates

Age group Expected rates P/I
Incidence rate per 1000
for England and Wales

50–52 3.63 per 1000 2.10 1.73
53–54 4.44 per 1000 2.39 1.86

50–54 3.94 per 1000 2.21 1.81
55–59 5.86 per 1000 2.85 2.06
60–64 8.72 per 1000 3.67 2.38

Target cancer detection rates and expected interval cancer rates 113
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used here, although it is recognised that some
women will be below 53 and some above age 64
at time of diagnosis of an interval cancer.
In addition, more recent data from the

Swedish Two County Study have become
available, showing the interval cancer rates for
women aged 50–69 at screening to be 14%,
27%, and 55% of the incidence rate in the con-
trol group in the first, second, and third year
respectively. However, there are reasons why
the UK figures might be expected to be higher
than these. Firstly, the upper age limit of
women screened in the UK is lower than in the
Two County study, and it was observed in the
latter that interval cancer rates decreased with
age. Secondly, women in the Two County
study were rescreened at 33 months, compared
with the 36 month interval in the UK. To allow
for these diVerences, percentages of 20%, 30%,
and 60% have been used, giving expected rates
of 0.43, 0.65, and 1.30 per 1000 for the three
12 month periods.
On this basis, it is proposed that regional and

national rates should be compared with
expected rates <=0.45 per 1000 for interval
cancers within 0–<12 months of screening and
<=0.65 per 1000 for those within 12–<24
months, with a combined rate of <=1.2 per
1000 for the period 0–<24 months, and an
expected rate for the interval 24–<36 months
of 1.2–1.3 per 1000.
Interval cancer rates for individual pro-

grammes will in general be based on too small
numbers to permit meaningful comparison,
and it is anticipated that rates will be evaluated
on a regional basis rather than being used to
measure the success of individual programmes.
The expected rates calculated here are for

overall interval cancer rates, regardless of the
age of women screened, or whether they follow
a prevalent or incident screen. The calculation
of more specific rates is not straightforward,
being dependent on variation in both sensitiv-
ity and background incidence, and further
work is required.
These expected rates apply essentially to

interval cancer rates occurring in future years

after screening taking place from 1995/6
onwards.There is some evidence that past rates
may exceed those expected rates,15 16 but
improvements in screening procedures in the
past one or two years, together with the grow-
ing experience of screening programmes,
should improve sensitivity.
As for cancer detection rate targets, these

should be applied to invasive cancers only,
because in situ cases are excluded from the
underlying incidence rate. (Interval cancers of
unknown invasive status should be counted as
invasive).

Discussion
Targets for invasive cancer detection rates are
based on figures of 3.6 per 1000 for prevalent
screens in women aged 50 to 52, and 4.0 per
1000 for rescreening in women aged 53 to 64.
In setting these targets, the Swedish Two
County study has been used as the “gold
standard”, because it has achieved the most
clear cut reduction in mortality. An attempt has
been made to estimate the background inci-
dence in the UK in the absence of screening. It
is recognised that diVerent models using more
detailed data may produce diVerent predicted
rates; however the overall targets are not greatly
aVected.
In comparing detection rates in women who

have previously failed to attend for screening
with expected rates, it should be noted that
these figures assume that such women have the
same background incidence as the general
population— that there is no selection bias—
either in their initial decision not to attend or in
their subsequent attendance. Data on inci-
dence in non-attenders in the NHS Breast
Screening Programme are not available for
most of the country. Results from the UK
TEDBC showed that non-attenders had an
increased mortality from breast cancer but not
an increased incidence.17

It is recognised that targets do not take
account of individual programme characteris-
tics, in particular the diVerent age distribution
of women screened, and possible variation in
the background incidence of breast cancer in
each programme’s catchment area. In addition,
many programmes will be carrying out rela-
tively small numbers of prevalent screens in
future years. To measure individual pro-

Table 4 Observed cancer detection rates that include
target rates within 95% confidence intervals

Prevalent screen (women aged 50–52), rate = 3.6 per 1000

Number
screened

Range of rates including 3.6 within 95%
confidence intervals

1000 1.3–10.1
2000 1.7–7.5
3000 2.0–6.5
5000 2.3–5.7
10000 2.6–5.0
25000 2.9–4.4
100000 3.2–4.0

Incident screen (women aged 53–64), rate = 4.0 per 1000

Number
screened

Range of rates including 4.0 within 95%
confidence intervals

1000 1.5–10.7
2000 2.0–8.0
3000 2.3–7.0
5000 2.6–6.2
10000 2.9–5.5
25000 3.3–4.9
100000 3.6–4.4

KEY POINTS

+ Based on the Swedish Two County study
target invasive detection rates for the
NHS Breast Screening Programme are
3.6 per 1000 for prevalent (first) screens
in women aged 50–52, and 4.0 per 1000
for incident (subsequent) screens in
women aged 53–64.

+ Expected interval cancer rates are 1.2 per
1000 for the period 0–<24 months, and
1.2–1.3 per 1000 for the interval 24–<36
months after a negative screen.

+ Comparison of observed rates with these
expected figures will assist in monitoring
the progress of the NHSBSP.
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gramme performance more accurately a fur-
ther measure known as the “Standardised
Detection Ratio” (SDR) will be introduced
and will use the calculated targets for diVerent
age groups to provide an age standardised
measure of programme performance for inva-
sive cancers.7 Proposals have also been made
for estimating correction factors to take
account of variations in background
incidence.18

Estimates of interval cancer rates have been
recalculated here, again based on results from
the Two County study. Interval cancer rates are
not always easily estimated from other trials in
a similar format. However, the Malmo trial,
which showed a 19% non-significant mortality
reduction after nine years in women aged
45–70, had an interval cancer rate of 7.5 per
10 000, or 32% of the control group rate in the
18–24months interval between screens (27% if
in situ cancers are excluded).19 The Stockholm
trial, which showed an (again non-significant)
24% mortality reduction, seems to have an
interval cancer rate of 18.5 per 10 000, or 52%
of the control group rate, in the two years after
the first screen.20 Results from elsewhere are
less comparable, either because screening has
included clinical examination, or because they
lack control populations. However, in general
interval cancer rates appear higher than in the
Two County Study. Nevertheless, it is probable
that the current targets will need to be met if
the anticipated reduction in breast cancer mor-
tality is to be achieved.
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