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A case-control evaluation of the effect of breast
cancer screening in the United Kingdom trial of
early detection of breast cancer

S M Moss, M E Summerley, B T Thomas, R Ellman, J 0 P Chamberlain

Abstract
Objective-The aim was to assess the

extent to which selection bias affects a case-
control study of breast cancer screening in
which attenders and non-attenders for
screening are compared.
Design-There were two retrospective

case-control studies, one estimating the risk
ofdeath from breast cancer inwomen in the
screening district relative to those in the
comparison district (study A), the second
estimating the relative risk for women who
had ever been screened compared with
women who had never been screened in the
screening district alone (study B). For cases
and controls in study B, the women's
screening history was summarised for the
time period from date of entry to diagnosis
ofthe case, or the equivalent time from date
ofentry for the matched controls. For cases
detected by screening, the screen at which
cancer was detected was included in the
screening history.
Subjects-Cases were deaths from breast

cancer in women with disease diagnosed
after entry to the trial, up to 31 December
1986 or a maximum ofseven years from date
of entry, in one of the screening districts
(Guildford) and one of the comparison
districts (Stoke) participating in the UK
Trial of Early Detection of Breast Cancer:
study A: 198 deaths in Guildford and Stoke;
study B: 51 deaths in Guildford only. There
were five age matched controls for each case,
with length of follow up at least as great as
the time from entry to death of the case.
Main results-The estimate of the risk of

death from breast cancer in the screening
district relative to the comparison district
from study A was 076, thus implying a
reduction of 24% in the screening district,
similar to that obtained from a cohort
analysis of data from the two districts. In
contrast, the relative risk in study B for ever
v never screened women was 0-51, which,
taking the 72% compliance into account,
would result in a relative risk of065 for the
screening district if there were no selection
bias. The risk of breast cancer mortality in
the never screened relative to the com-
parison district was 1-13, despite the fact
that incidence rates in the two populations
were similar. This suggested that cancers in
the never screened group had a particularly
poor prognosis, contributing to selection
bias.
Conclusions-The possible existence of

selection bias should lead to caution in

interpretation of the results of case-control
studies of the effect of breast cancer
screening on mortality.
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The evidence to date for the effectiveness of
screening in reducing mortality from breast can-
cer has come from randomised trials,'4 from
population based studies for which control pop-
ulations were available,5 and from case-control
studies conducted for population based screening
programmes with no control population.6-8
The United Kingdom trial of early detection of

breast cancer (TEDBC), while not a randomised
trial, included four separate "comparison" pop-
ulations, from which the same data on breast
cancer incidence and mortality were collected as
in the four "intervention" districts.9 The first
results on mortality from this trial showed a
reduction in breast cancer mortality in the two
districts offering annual screening of 140% relative
to the comparison districts; this reduction
increased to 20% when the breast cancer
mortality in the different districts in the 10 year
period before the start of the trial was taken into
account.5
The present study is a case-control evaluation

comparing one of the screening districts with one
of the comparison districts in this trial. A second
case-control evaluation was conducted solely
within the screening district, and compared
screened and unscreened women. The purpose of
undertaking two studies was to assess the extent of
selection bias in the latter comparison. A
subsidiary aim was to collect additional informa-
tion on risk factors in order to estimate any
underlying difference between the two districts
and the extent to which such differences might
have affected the results of the trial.

Methods
The methodology of the trial has been described
in detail elsewhere. The present study includes
data from Guildford, where screening was offered
to all women aged 45-64 years by mammography
and clinical examination every two years, with
clinical examination in the intervening years; and
Stoke-on-Trent, which acted as one of the com-
parison districts. In both districts the entire trial
population has been flagged at the National
Health Service Central Registry, which supplies
the TEDBC coordinating centre with informa-
tion on all breast cancer registrations and deaths.
In Guildford, 72% of women accepted the initial
invitation to screening and information on a
number of risk factors for breast cancer was
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collected each time a woman attended for
screening. Similar data were collected when cases
of breast cancer were notified to the trial.

In study A, cases are taken as all deaths from
breast cancer in the two districts in cases diag-
nosed after entry to the trial, occurring up to 31
December 1986, or seven years in the trial where
this was earlier. Thus the cases correspond to
those deaths included in the first published
mortality results from the TEDBC.5
For each case, five controls were drawn from

the pooled population of the two districts,
matched on age at entry to the trial within six
months. The controls were all free from breast
cancer at the time of diagnosis of the case, and
alive (although not necessarily disease free) at the
time of death of the case. Women in Stoke-on-
Trent all entered the trial on 1st January 1980,
whereas in Guildford entry was staggered over a
26 month period between 1979 and 1981. To
circumvent this problem, time has been measured
from the date of entry to the trial of each case or
control, rather than actual calendar time, with the
additional restriction that controls must have a
length of follow up at least as great as the time
from entry to death of the case.
For the Guildford cases and their matched

controls, screening attendance has been defined as
any routine screening clinic visits in the period
from entry to the trial up to the time of diagnosis
of the case. For cases detected by screening, the
screening visit at which cancer was diagnosed is
included in this definition.
A matched analysis was carried out, using the

Mantel-Haenszel method, of the effect on breast
cancer mortality of being in the population
offered screening. The result of this analysis was
compared with a cohort analysis including only
these two districts. A logistic regression analysis
with conditional likelihood functions was then
used to include the effect of screening attendance;
the analysis was carried out using the computer
program PECAN.10

For study B, a new set of age matched controls
for the Guildford cases only was drawn, this time
from the Guildford population alone.
The screening history for cases and controls

was summarised as for study A, and a matched
analysis carried out of the effect on breast cancer
mortality of ever attending for screening com-
pared with non-attenders.
A postal questionnaire was sent to control

women in order to collect information on risk

Table I Distribution of
case-control combinations
by screening and
comparison population
(study A)

Case
Guildford
Stoke-on-Trent

(5 x
Odds ratio=

No of controls in Guildford

0 1 2 3 4 S Total
8 17 18 6 2 0 51

21 57 43 18 4 4 147
8)+(4x 17)+(3x 18)+(2x6)+(1 x2)

(1 x57)+(2x43)+(3x 18)+(4x4)+(5+4)

Table II Breast cancer incidence and mortality: cohort analysis of Stoke-on- Trent
and Guildford populations

Person-
years to
31.12.86
327 170
148 240
114 026
34 214

Incidence
rate per
1000 person
-years
1-6
2-6
2-9
1-7

Age
standardised
mortality rate
per 1000
person-years
045
034

factors for breast cancer comparable to that
available for cases. The intention was to adjust the
analysis for any difference in risk of getting breast
cancer between Guildford and Stoke-on-Trent.
However, response was only 43% and many
returned questionnaires were incomplete so that
this adjustment was not possible.

Results
The cases for study A comprised 198 breast
cancer deaths, of which 51 (26%) were in the
Guildford population offered screening. Of the
990 age matched controls, 312 (32%) were in the
Guildford population, giving a crude relative risk
of death from breast cancer of 0 75 in Guildford
compared with Stoke-on-Trent.
Table I summarises the results of the matched

analysis; the relative risk of death from breast
cancer in the population offered screening is 0 76
(95% confidence interval 0-54-1 08). Table II
gives the cohort data for the two populations.
When these data are standardised for year in trial as
well as for age (since the Guildford women have
variable length of follow up) the relative risk of
breast cancer death for Guildford compared with
Stoke-on-Trent is 0-79. Table III shows the
numbers ofGuildford cases and controls according
to screening attendance. The conditional logistic
regression analysis gives relative risks, with 95%
confidence intervals, of 1 17 (0-71-1-93) and 0 58
(0 38-090) for women who had never or had ever
been screened compared with those in Stoke-on-
Trent not offered screening. The relative risk for
the ever screened compared with the never
screened in Guildford is 0 50 (95% confidence
interval 0-27-0 92).
Table IV gives the results of study B, the

"internal" case-control study, within the
Guildford population alone; 55% (28/51) of the
cases and 71% (181/255) of the controls had
attended for screening at least once. The matched
analysis gives a relative risk of 0 51 (95%
confidence interval 0 27-0-98) for women ever
screened compared with those never screened,
which is very similar to the estimate of 0 50
obtained from the similar analysis using different
controls in study A.

Table III Comparison of risk in Guildford and Stoke-
on-Trent according to screening history (study A)

Stoke-on- Trent Guildford

Never screened Ever screened
Cases 147 23 28
Controls 678 91 221
Relative risk 10 1 17 0-58

Table IV Distribution of case-control combinations by
screening history (study B)

No of controls-ever screened

Cases 0 1 2 3 4 5 Total
Ever screened 1 2 3 7 6 9 28
Never screened 1 0 1 8 8 5 23

(5 x 1)+(4 x 2)+(3 x 3)+(2 x 7)+(1 x 6)
Odds ratio= -=051

(1 x 0)+(2 x 1)+(3 x 8)+(4 x 8)+(5 x 5)

Discussion
Even where no selection bias is present, it should
be borne in mind that the relative risk in women
who had ever been screened compared with those

Women in
initial
population
48 324
22 647

Stoke-on-Trent
Guildford total

attenders
non-attenders
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never screened does not predict the likely
effect of screening on a population unless full
compliance can be expected. With no selection
bias and a compliance of 7200, a relative risk
of 0-51 in screened women would result in a
3500 (=0 72 x [1-0 51] x 100) overall mortality
reduction in the population. In study A, however,
the reduction for Guildford was found to be 2500,
very similar to the results from the cohort analysis.
It would therefore appear from the results of this
study that a comparison of screened and never
screened women within the population offered
screening (study B) gives a biased estimate of the
overall benefit of screening to the population.
However, in study A the relative risk in the

non-attenders for screening compared with those
not offered screening did not differ significantly
from 1 0, so that the excess reduction in screened
women could be due to chance. The equality of
breast cancer incidence in non-attenders for
screening with that in a control population has
been used elsewhere as evidence against the
existence of selection bias8; likewise other studies
have used risk factors associated with increased
incidence to adjust for possible bias, though these
may not reflect relevant determinants of delay in
presentation or risk of death. The attempt in the
present study to adjust for differences in risk
factors between the two districts was unsuccessful
due to the incompleteness of the data collected.
However, breast cancer mortality in the 10 year
period before the start of the trial was similar in
the two districts. Since the incidence rate in the
women who had never been screened in Guildford
was similar to that in the Stoke-on-Trent popula-
tion as a whole, it appears that in this instance the
bias results from a tendency for breast cancers in
never screened women to have a poor prognosis
relative to those in a comparison population. In
fact 83% of the deaths in non-attenders were of
women with advanced (stage III or IV) cancers at

diagnosis compared with 53% of those who died
in Stoke-on-Trent. A recent study has found
higher breast cancer case fatality rates in women
in manual as opposed to non-manual social
classes, despite very similar incidence rates."
Two other case-control studies of breast cancer

screening have shown similar relative risks in
screened women compared with women who had
never been screened: 0-48 in the study from
Nijmegen6 and 0 53 in that from Florence.8 The
Utrecht study, by contrast, gave a relative risk of
0-30.7 The design of the latter study was slightly
different, in that cases diagnosed after the start of
the screening programme but prior to their date of
personal invitation were included. This leads to

comparatively low percentages screened in both
the cases and controls, which should tend to

underestimate the benefit of screening unless
such cases were affected by publicity surrounding
the introduction of the screening programme.
The other point of note is that the Utrecht study
was restricted to women aged 50 years and over at

time of entry, which is the age group in which
randomised studies have tended to show a benefit.
The confidence intervals in all three studies were

wide, with that for Nijmegen including unity
(although a later analysis with additional cases

gave a relative risk of 0 51 with 950 confidence
interval of 0.26 o.9912). Further, a case-control
study with the same design as that in Nijmegen,
conducted within the study population of a ran-
domised trial in Malmo which showed no overall
benefit in the group offered screening,3 hasshown
a relative risk of 0 42 (950o CI 0 22-078) in
attenders v non-attenders for screening.'3
A case-control study of the effect of education

in breast self examination in Nottingham'4
showed an overall relative risk of 0 70 in women
attending for education. The attendance at
education sessions on self examination was 49°0
as a result of two rounds of invitations. However
there is no difference between the survival of the
whole case series and that of a series of historical
controls. Further, just under half of the popula-
tion included in this study also formed one of the
breast self examination districts in the TEDBC.
The TEDBC showed the risk of breast cancer

mortality in the two breast self examination
centres combined to be 1 10 relative to the com-

parison centres (with Nottingham having the
higher risk of the two). The breast cancer

mortality rate in the Nottingham non-attenders
was higher than in the comparison districts, again
indicating selection of poor prognosis cases into
the non-attenders group.
The possible existence of selection bias should

lead to caution in the interpretation of the results
from other case-control studies of breast cancer

screening.
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