
Chapter 4 

Efficacy of screening 

Methodological and analytical 
issues in assessing efficacy 

Issues in evaluating the efficacy 
of screening 
Efficacy was defined by Last (1995) as 
"the extent to which a specific interven-
tion, procedure, regimen or service 
produces a beneficial result under ideal 
circumstances." This contrasts with the 
related term effectiveness', defined by 
Last (1995) as "a measure of the extent 
to which a specific intervention, proce-
dure, regimen or service, when deployed 
in the field in routine circumstances, 
does what it is intended to do for a 
specific population." In practice, studies 
to evaluate breast screening have rarely 
assessed efficacy or effectiveness as 
defined, but rather a mixture of the two, 
depending on the design used and the 
circumstances of the study. To avoid 
being exclusive, the term 'efficacy' is 
used in this chapter according to this 
common usage, but an attempt is made 
to characterize each study in accordance 
with Last's (1995) usage. 

The process of screening is illus-
trated in the box on the right. 

A number of issues should be noted in 
evaluating screening. Almost invariably, 
individuals identified with disease as a 
result of screening will live longer than 
those in whom disease is diagnosed in 
the normal way. The first issue is 'lead 
time', considered in Chapter 1. The sec-
ond issue, which accounts for improved 
survival of cases detected at screening, 
is 'length-biased sampling' (see Chapter 
1). This bias is most obvious at the first 
or prevalence screen, but length bias 
also affects the type of cases detected at  

re-screening, the more rapidly progress-
ing cancers being diagnosed in the inter-
vals between screens. Hence, in evaluat-
ing the total effect of screening, both the 
interval cases and the screen-detected 
cases must be identified and taken into 
consideration. The third issue is 'over-
diagnosis' bias. Some lesions identified 
and counted as disease would not have 
presented clinically in those individuals 
during their lifetimes in the absence of 
screening. This is, in practice, an extreme 
example of length bias. The fourth bias 
which can artefactually improve survival 
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is selection bias. Women who accept invi-
tations for screening are volunteers and 
are almost invariably more health-con-
scious than those who decline to enter. 
This means that they are likely, even in 
the absence of screening, to have a bet-
ter outcome of their disease than the 
general population. 

If mortality attributable to the disease 
(i.e. deaths related to the person–years 
of observation, or cumulative mortality) is 
used as the end-point, rather than sur-
vival, lead time, length-biased sampling 
and overdiagnosis biases are eliminated. 
To eliminate selection bias, the design of 
choice for evaluation of changes in 
mortality is the randomized controlled 
trial (see below). If, for some reason, 
individual or cluster randomization is not 
possible, a less desirable method is the 
quasi-experimental study, in which 
screening is offered in some areas, and 
unscreened areas as similar as possible 
are used for comparison. However, this 
design is not a cheap and easy substi-
tute but demands the same methodolog-
ical rigour as required for randomized 
trials. Further, as substantially larger 
populations may have to be studied than 
in randomized trials, it may prove to be 
more expensive than the preferred 
design. In addition, difficulties in analysis 
may ensue if the baseline mortality rates 
in the comparison areas differ (UK Trial 
of Early Detection of Breast Cancer 
Group, 1988). 

In general, it is difficult to evaluate the 
effectiveness of screening by historical 
comparisons of mortality rates, because 
biases associated with changes in the 
accuracy of staging and in therapy can 
confound the effect of screening (see 
Chapter 5). 
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Use of randomized controlled 
trials in evaluation of screening 
The randomized controlled trial with mor-
tality as the outcome is the only type of 
study designed specifically to eliminate 
the effects of the biases discussed 
above (Prorok et al., 1984). Thus, lead 
time and selection bias are not issues. 
The latter is eliminated by the equal dis-
tribution of subjects with respect to risk 
factors for death from breast cancer by 
the randomization process. The former is 
eliminated as screening was started for 
all women at the same time, and all 
cases that occur during follow-up are 
included in the evaluation. 

A randomized screening trial can be 
of efficacy or of effectiveness. Trials of 
efficacy are based on randomization of 
the screening test and are designed to 
answer the biologically relevant question 
of whether mortality is reduced among 
those who are screened. Trials of effec-
tiveness are based on randomization of 
invitations to attend for screening and 
more nearly replicate the circumstances 
that pertain in practice in a population. 
The designs of the trials used by the 
Working Group to evaluate the efficacy 
of breast cancer screening are summa-
rized in Chapter 1. Trials of effectiveness 
are discussed in Chapter 5. 

The women in such a trial who partic-
ipate in screening are volunteers. Among 
the women who are invited to attend for 
screening, some will refuse, depending 
on their perception of the value of the 
tests offered. All trials, therefore, should 
be analysed according to the intention to 
screen, i.e. both those who accept the 
invitation and those who refuse it should 
be included in the assessment of 
outcome. A number of issues must be 
considered in the design and analysis of 
screening programmes. 

Adequacy of randomization 
Randomization is designed to ensure 
that no observable characteristic 
influences the selection of the groups 
selected for comparison. However, even 

in large trials, especially if cluster ran-
domization is used, comparability cannot 
be assumed. 

Comparability between groups 
The difference in the rate of mortality 
from breast cancer in groups random-
ized to screening or no screening cannot 
be measured directly if the intervention 
is effective. It can be inferred by 
comparing the risk factors for death from 
breast cancer (potential confounders) in 
the two groups; however, most of the 
variation will be unpredictable and due to 
differences between the groups in 
unknown predictors of death from breast 

cancer (unknown confounders). The 
comparability of the known potential 
confounders in the two groups can be 
assessed and indeed adjusted for, but 
the comparability of unknown con-
founders cannot. Randomization is used 
to ensure the comparability of unknown 
confounders between groups. Compari-
son of mortality rates from all causes 
other than breast cancer, after adjust-
ment for known confounders if indicated, 
can give assurance that the two groups 
are comparable. 

It is important to separate two con-
cerns: 

Select participants 

Randomize 

JScreened J 	 J Usual care 

Cancers detected 

Interval cancers 	 Cancers detected 
ascertained 	 clinically 

/ 
Appropriate therapy by stage 

LDeaths from breast cancer confirmed after death 

JAnalysis according to allocation 
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Potential confounders 
Even if trials have adequate randomiza-
tion, there may still be an imbalance in 
some potential confounders, owing to 
chance. This is more likely in small trials 
or even in large trials randomized by 
cluster. Potential confounders are impor-
tant if the imbalances are large enough 
to distort the estimates of the effect of 
screening. The extent of confounding is 
determined by how strongly the potential 
confounder predicts outcome (mortality) 
and the magnitude of the imbalance in 
the distribution of the potential con-
founder between the screened and 
unscreened groups. An imbalance of 
potential confounders between screened 
and unscreened groups can be predicted 
to result in under- or overestimation of 
the difference in mortality, and that bias 
can be adjusted for if the potential con-
founder has been measured. In practice, 
age is likely to be the most important 
such confounder. 

Measuring an underlying problem with 
the process of randomization 
In this case, the concern is that there is 
maldistribution of unknown confounders, 
which is due not solely to chance. As the 
direction of any potential bias is 
unknown, it cannot be corrected for. The 
adequacy of the process of randomi-
zation can be judged by checking 
whether a range of variables measured 
in the trial are distributed equally 
between the groups or by examining 
mortality rates from causes other than 
breast cancer in the two groups. 
However, if there is evidence of imbal-
ance of randomization, adjusting for 
these observed imbalances may not 
necessarily adjust for the true underlying 
problem. The criterion for determining 
the presence of imbalances is statistical 
significance, irrespective of the magni-
tude of the difference: about 1 in 20 com-
parisons can be expected to be signifi-
cant by chance. 

Types of randomization 
In breast cancer screening trials, women 
have been randomized by individual and 
by cluster. The advantage of individual 
randomization is that, when large num-
bers of women are randomized, balance 
with regard to the risk factors is more 
likely to be achieved. Recruitment of 
subjects is often simpler in cluster ran-
domized than in individually randomized 
trials, but, if the number of units random-
ized is small, there will be greater poten-
tial imbalance (Berry, 1998). In addition, 
generalized linear models have to be 
used, with extra variation to account for 
the cluster randomization (Moore & 
Tsiatis, 1990; Nixon et al., 2000). In the 
breast screening trial in Edinburgh (see 
Chapter 1), for example, a difference in 
social class was found between the ran-
domized groups, which affected the risk 
for death from cardiovascular disease 
(Alexander et al., 1989). Reports of ran-
domized screening trials should confirm 
that balance was achieved through ran-
domization. A potential advantage of 
cluster randomization is that, under 
some circumstances, contamination of 
the control group with screening can be 
reduced. 

Post-randomization exclusions 
The subjects eligible for a screening trial 
should ideally not have had a previous 
diagnosis of the disease of interest (e.g. 
breast cancer) at the time of randomiza-
tion. This criterion can be achieved 
directly in an individually randomized trial 
with volunteers at the time of enrolment, 
but may be difficult with cluster random-
ization based on population registers 
unless linkage can be made with a pop-
ulation-based cancer registry serving the 
whole area. Other exclusions should be 
kept to a minimum and restricted to 
women who were initially ineligible. If the 
number of cases of breast cancer 
excluded is not similar to that in the com-
parison group, the randomization 
porcess did not result in groups at equal 
risk for breast cancer. 

Compliance and contamination 
Lack of compliance with the intervention 
will reduce the estimated efficacy of 
screening and should therefore be 
documented. 

Contamination, i.e. screening of con-
trol women, will also reduce the estimated 
efficacy. This is more difficult to measure 
than lack of compliance and may require 
surveys or annual questionnaires. 
Contamination may be difficult to define, 
however, as mammography is also used 
for diagnosis, and data to distinguish 
between screening and diagnostic 
mammograms may not be available. 

Methods to adjust for poor 
compliance and contamination in 
screening trials have been proposed 
(Cuzick et al., 1997). Similar methods 
were applied by Glasziou (1992), who 
found that the reduction in relative risk 
was larger than that based on observed 
numbers. 

Therapy 
The efficacy of screening depends not 
only on early detection of cancer but also 
on effective treatment. It is a requirement 
of a good randomized trial design that 
therapy should be equivalent in the two 
arms of the trial for equivalent stage of 
disease. Stage-specific treatment should 
therefore be described in trial reports. 

Frequency of screening 
The frequency of re-screening (annual, 
every 2 years) should be documented. 
The longer the interval between screens, 
the larger the proportion of cancers that 
will present clinically in the intervals and 
the lower the overall sensitivity of the 
screening approach will be. 

Design of interventions to be 
compared 
Differences in the duration of the inter-
vention in the trials of mammography 
considered in this chapter and in whether 
the control group was also screened 
affects the subsequent analysis of mor-
tality. 
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The design of the Health Insurance 
Plan study in New York, USA, and of the 
Canadian trials prescribed four annual 
screens, followed by no further screen-
ing in either group. In this situation, rates 
of death from breast cancer should theo-
retically be based on all cases of breast 
cancer that are diagnosed between ran-
domization and the time at which the 
curves of cumulative incidence in the two 
arms converge (Connor & Prorok, 1994). 

In the trials in Malmö, Sweden, and 
Edinburgh, Scotland, no limit was placed 
on the duration of screening for women 
who received invitations to screening, 
and no decision was taken to screen 
women in the control arm. In such a situ-
ation, the cumulative incidence will be 
greater among women invited for 
screening throughout the trial, as lead 
time will have a continuous effect. The 
cumulative rates of death from breast 
cancer in the two arms should be com-
pared for all periods after randomization, 
with no limitation on which cases of 
breast cancer are to be included. 

In the other trials in Sweden, the 
control group was also invited to 
screening 4-9 years after the women in 
the screening arm had received their 
invitations. In this situation, the compari-
sons of mortality rates should reflect the 
fact that the two arms differed for only a 
short time. 

Cancer detection 
As indicated in Chapter 1, it is antici-
pated that screening will result in diagno-
sis of breast cancer cases at an earlier 
stage. This is a necessary but not a suf-
ficient indication of possible efficacy. 
Cancer detection rates should be 
reported by tumour size, nodal status 
(stage) and, if possible, grade. It is 
expected that, with effective screening, 
the absolute (cumulative) rate of 
advanced breast cancer will be lower in 
the screened group than in the control 
group. This difference has been pro-
posed as a proxy for mortality; however, 
as suggested by Prorok et al. (1984), 

metastatic disease presenting during fol-
low-up is a preferable measure. 

Cumulative mortality from breast 
cancer after randomization is the primary 
outcome measure of interest in random-
ized trials. Annual rates of death from 
breast cancer after initial screening are 
also of interest, as the time at which dif-
ferences in rates emerge between the 
two arms is important in evaluating the 
effects of newly introduced population-
based programmes. 

End-point of screening trials 
The outcome of all the trials of breast 
cancer screening was death due to 
breast cancer as the underlying cause. 
Cause of death can be determined either 
by an independent committee or from 
official statistics. Review of the cause of 
death by independent reviewers was pio-
neered in the Health Insurance Plan trial 
(Shapiro etal., 1988). Reviews of causes 
of death are generally conducted in order 
to determine these causes in an unbi-
ased way. The cause of death of women 
with breast cancer should be ascertained 
in the absence of knowledge about 
which arm of the study they were in. If 
official statistics are used, it may be nec-
essary to assess their accuracy, as was 
done, e.g., in Sweden. Game et al. 
(1996) found a discordance in 4.6% of 
cases, mainly due to coding errors, in a 
sample with a high autopsy rate. 
Furthermore, causes of death in official 
statistics were compared with those 
determined by an independent commit-
tee who were unaware of which arm of 
the study cases were found in. A high 
degree of concordance was found 
(Nystrom et a/., 1995; see below). It 
should be recognized that the accuracy 
of death certificates can change over 
time, with factors such as autopsy rates, 
place of death and the criteria used by 
the doctors issuing the certificates 
(Lindstrom et al., 1997). 

Breast cancer as the underlying 
cause of death is attributed to patients 
with disseminated or locally advanced  

breast cancer. Biological evidence 
should be available indicating cancer as 
the most important reason for the death, 
which can include suicide, lung emboli, 
acute heart disease and sepsis for 
patients with advanced breast disease 
and deaths due to treatment. Breast 
cancer present at death covers all 
deaths among patients with recurrence 
or whose tumour was not removed radi-
cally, irrespective of whether the breast 
cancer was of biological importance in 
the death. This category also includes 
breast cancer cases detected acciden-
tally at autopsy. 

All causes of death among women 
with breast cancer is not a valid 
measure. Although in younger women 
with limited follow-up, mortality is due 
mainly to the breast cancer, in older 
women and with longer follow-up, an 
increasing number of intercurrent deaths 
unrelated to breast cancer will occur. 
Early diagnosis of breast cancer in the 
invited group due to lead time implies 
that the women with breast cancer were 
at greater risk for intercurrent death dur-
ing a longer period. Some authors 
(Wright, 1986; Olsen & Gotzsche, 2001; 
Black et al., 2002) have proposed that 
deaths from all causes are the preferable 
end-point. Use of this end-point avoids 
the problems of ascertaining cause of 
death precisely and the concern that 
some deaths not apparently due to the 
cancer of interest were a consequence 
of treatment for the cancer or of the 
screening process as a whole. However, 
measuring this end-point would require 
very large trials, because even a disease 
as common as breast cancer constitutes 
only a small component of deaths from 
all causes, and the difference in all-
cause mortality would be very small. For 
example, even the combined data from 
the screening trials would be too few by 
an order of magnitude to achieve rea-
sonable power. 

Lenner (1990) proposed use of an 
'excess mortality rate', which is based on 
the rate of death from all causes among 
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the women with breast cancer minus the 
similar rate of death among the women 
without breast cancer in the screened 
population. The excess death rate in the 
invited group can then be compared with 
that in the women not offered screening. 
The method avoids the necessity of 
determining cause of death, and, in 
screening trials, is considered to be unbi-
ased with regard to lead time and over-
diagnosis. The measure should capture 
any deaths caused by treatment for 
breast cancer and unrecognized as 
such, but not deaths caused directly or 
indirectly by the screening procedure 
and associated diagnostic interventions 
for women without breast cancer. 
NystrOm et al. (1993) used both this 
approach and the conventional approach 
in the Swedish overview analysis (see 
below) and obtained very similar results. 
The method has so far not been used in 
other breast cancer screening trials. 

Use of cohort (observational) and 
case-control studies in evaluating 
screening 
Cohort study designs have been sug-
gested for estimating the effect of 
screening. In these studies, mortality 
from the cancer of interest in a group of 
individually identified and followed-up 
screened women (the cohort) is com-
pared with that of a control population, 
often derived from the general popula-
tion. Cohort studies of individuals who 
choose to be screened or not to be 
screened suffer from potential selection 
bias, however. In addition, differential 
ascertainment of deaths due to breast 
cancer in screened and unscreened 
women can bias estimates of efficacy. 

Thus, observational studies based on 
individual screening history, no matter 
how well designed and conducted, 
should not be regarded as providing evi-
dence of an effect of screening. In order 
to establish a causal association 
between screening and a reduction in 
mortality, the evaluation must take into 
consideration not only the type of study  

but also the magnitude of the associa-
tion, the consistency of the results in 
independent studies, the biological plau-
sibility of the result, possible response 
relationships and the absence of alterna-
tive explanations. 

It has been suggested that case—con-
trol studies could be used to evaluate 
screening, provided that the programme 
was introduced sufficiently long before 
the study so that an effect can be 
expected to have occurred (Weiss, 1983; 
Sasco et al., 1986). The ideal design is 
one that mimics randomized controlled 
trials as far as possible, especially in 
terms of the cases (ideally, in this 
instance, deaths due to breast cancer or 
advanced disease as a surrogate for 
deaths). The screening histories of the 
cases are compared with those of com-
parable controls drawn from the popula-
tion from which the cases arose. 
Individuals with disease, if sampled dur-
ing the control selection process, would 
be eligible as controls if the date of diag-
nosis was not earlier than that of the 
case, as diagnosis of disease truncates 
the screening history. 

Commonly, the exposure of interest is 
ever having had a screening mammo-
gram. The odds ratio is then an estimate 
of the effect of screening on the risk for 
advanced or fatal breast cancer. The 
odds ratio is intended to measure the effi-
cacy of screening, i.e. a comparison of 
the odds for fatal disease in women who 
did and who did not complete a screening 
examination. In contrast, a randomized 
trial is typically designed to compare the 
mortality experience of two groups of 
women who differ with regard to whether 
they received an invitation to screening. 

The case—control approach is 
appealing in terms of its simplicity and 
cost; however, even if such a study is 
perfectly designed and conducted, the 
inherent bias is important potential base-
line differences in the screened and 
unscreened groups with respect to fac-
tors that are associated with the risk for 
fatal breast cancer. There is empirical  

evidence that the survival rate of women 
who decline screening is worse than that 
of women who accept screening (see 
e.g. Tabár et al., 1999). This may be due 
to differences in the distribution of life-
style factors associated with tumour pro-
gression in the two groups, but is more 
likely the consequence of differences in 
tumour stage at presentation. 

In the studies in Malmö and the 
Health Insurance Plan study, in which 
case—control studies were performed 
within the trials, although women who 
refused invitations for screening had a 
breast cancer incidence similar to that of 
controls, their mortality from breast can-
cer was greater than that of controls 
(Janzon &Andersson, 1990; Friedman & 
Dubin, 1991; Gullberg et aI., 1991). 
Estimates of the effect of screening in 
such case—control studies will therefore 
be higher than would be expected in the 
total population. The bias is best 
explored by comparing the results of 
high-quality trials and case—control stud-
ies conducted within them. In the MalmO 
study, the odds ratio in the case—control 
study was 0.42 (Janzon & Andersson, 
1990; Demissie et al., 1998), whereas 
the relative risk in the trial was 0.96, or 
0.92 (Glasziou, 1992) when the results 
were adjusted for non-compliance and 
contamination to estimate efficacy. In the 
Health Insurance Plan study, the odds 
ratio in the case—control study was 1.07, 
whereas the relative risk in the trial was 
0.80 (Friedman & Dubin, 1991). The dif-
ference was shown to be due to a lower 
rate of mortality from breast cancer 
among women who refused screening 
than among those allocated not to be 
screened. 

Efficacy of screening by 
conventional mammography 

Randomized trials 
The basic characteristics of the random-
ized trials of the efficacy of mammogra-
phy screening are shown in Table 18, 
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and the overall results of these trials are 
summarized in Table 19. The designs of 
the trials are described in Chapter 1. 

Health Insurance Plan of Greater 
New York 
Shapiro (1994) reported that, after exclu-
sion of breast cancers ascertained after 
randomization but diagnosed before the 
date of randomization, there were 
30 239 women in the study group and 
30 756 in the control group. Gotzsche 
and Olsen (2000) considered that the 
randomization in this trial was adequate 
but were concerned about the use of 
radiotherapy and about the review of 
causes of death, and suggested that the 
exclusions after randomization may have 
led to lack of comparability. Miller (2001) 
pointed out that the trial was performed 
at a time when breast cancers in North 
America were much larger than became 
usual in the subsequent two decades. 
Lumpectomy was not performed in this 
era, although radiotherapy was used fre-
quently, for locally advanced disease. If 
radiotherapy was the unrecognized 
cause of death and was labelled as car-
diovascular disease, such labelling 
would have been applied without bias as 
to assignment to screening. The deci-
sions made on the deaths reviewed were 
entirely masked. A difference in the num-
bers of women with breast cancer 
excluded from the two arms of the trial 
arose because previously diagnosed 
breast cancers were identified in women 
in the screened group when they 
attended for screening, but this was not 
possible for the controls. The 18-year fol-
low-up, however, allowed identification of 
deaths from breast cancer in the two 
groups; determination of the date of 
diagnosis was then possible from hospi-
tal records. Women who had died from 
breast cancers diagnosed before ran-
domization were then excluded (Miller, 
2001). 

[The relative risks for death from 
breast cancer 18 years after recruitment 
were estimated by the Working Group  

from the data of Shapiro et al. (1988) to 
be 0.77 (0.52-1.13) for women aged 
40-49 at recruitment, 0.79 (0.58-1.08) 
for women aged 50-64 at recruitment 
and 0.78 (0.61-1.00) overall. The 
Working Group concluded that the 
Health Insurance Plan study was valid, 
but could not be included in its evalua-
tion of mammography alone, as the 
screening included clinical breast exami-
nation.] 

The Edinburgh trial 
Alexander et al. (1989) reported that the 
cluster randomization in the Edinburgh 
trial resulted in differences by socioeco-
nomic category and also in rates of mor-
tality from all causes between the two 
comparison groups. A report based on 
14 years of follow-up and 577 518 
woman—years in the initial cohort 
showed a rate ratio for breast cancer 
mortality of 0.87 (95% Cl, 0.70-1.06). 
After adjustment for socioeconomic sta-
tus, the rate ratio was 0.79 (95% Cl, 
0.60-1.02) (Alexander et al., 1999). The 
results for women aged 45-49 in all 
three cohorts, with 266 281 
women—years of follow-up, showed a 
rate ratio of 0.83 (95% Cl, 0.54-1.27) 
before adjustment for socioeconomic 
status and 0.75 (95% Cl, 0.48-1.18) 
after adjustment. 

[The results for all cohorts combined 
reported in Table 19 were estimated by 
the Working Group. Although adjustment 
for socioeconomic group lowered the rel-
ative risks slightly, possible confounding 
from other variables cannot be excluded. 
Therefore the Working Group did not 
include this trial in its evaluation.] 

The Canadian National Breast 
Screening trials 
Concern has been expressed about pos-
sible subversion of the randomization in 
these trials, given the procedure 
described in Chapter 1, especially of 
women aged 40-49 (Tarone, 1995). 
However, the authors have pointed out 
that an abnormal result on clinical breast 

examination was not an incentive for 
spurious allocation to mammography 
because the protocol required that all 
abnormal results be referred to the study 
surgeon for assessment. The surgeon 
ordered diagnostic mammography when 
appropriate. If abnormal results of clini-
cal breast examinations had generated 
spurious mammography allocations, 
there should have been more referrals of 
women in the mammography group for 
review (Miller et al., 2000, 2002). This 
was not the case. Of the women aged 
40-49 at the first screening, 3569 
screened women and 3674 in the control 
group were referred after clinical breast 
examination for review (Miller et al., 
1992a). For the women aged 50-59, the 
figures were 2164 and 2207, respec-
tively (Miller et al., 1992b). A systematic 
external review of the randomization 
records showed no evidence of subver-
sion (Bailar & MacMahon, 1997). 

Women were recruited between 
1980 and 1985. A separate trial was con-
ducted for women aged 40-49 in order 
to evaluate the efficacy of screening in 
this group. The mammography used in 
these trials has been criticized 
(Moskowitz, 1992; Kopans, 1993; 
Kopans & Feig, 1993), but these 
criticisms have been addressed (Miller et 
al., 1990; Baines, 1994). The rates of 
cancer detection with mammography 
(alone or together with clinical breast 
examination) at the first screening of 
women aged 40-49 and 50-59 at entry 
were 2.54 and 5.48 per 1000, respec-
tively (Miller et al., 1992a,b). Both rates 
exceed those reported in the Two-county 
study in Sweden (see below), which 
were 2.09 and 4.67 per 1000, respec-
tively. The prevalence incidence ratios 
were similar in the two studies (Fletcher 
et al., 1993; Baines, 1994). After 11-16 
years of follow-up, the breast cancer 
mortality rate ratio was 1.06 (95% Cl, 
0.80-1.40) in the 40-49-year-old women 
(Miller et al., 2002) and 1.02 (0.78-1.33) 
in the 50-59-year-old women (Miller et 
al., 2000). 
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Trial Randomi- 	No. of Age at Intervention No. of Screening No. of Attendance Determination 
zation 	women Invited Control entry mammo- interval rounds rate (%)e of endpointb 

group group graphy (months) 
views 

Health Individual 	60 995 Dec 1963— 40-64 M+CBE 2 12 4 67 Independent 
Insurance Plan June 1996 death review 

MalmO I Individual 	42283 Oct 1976— Oct 1990— 45-70 M 2C 18-24 6-8 74 Independent 
Sep 1978 Mar 1993 death review, 

official statistics 

MalmO II Individual 	17793 Sep 1978— Sep 1991— 43-49 M 2C 18-24 1-7 75-80 Official statistics 
Nov 1990 Apr1994 

Two-county 
Kopparberg Cluster 	56448 Jul 1977— Sep 1982— 40-74 M 1 24,33d 2-4 89 Death review 

Municipality, Feb 1980 Dec 1986 

tax district, 
7 triplets 

Ostergatland Cluster 	76617 May 1978— Apr 1986— 40-74 M 1 24,33d 2-4 89 Death review, 
Municipality, Mar 1981 Feb 1988 official statistics 
parish, 12 pairs 

Edinburgh Cluster 	442686  1978_81e 45-64 M+CBE 2 24 2-4 61 Death 
General 1982-83 certificates 
practices, 87 1984-85 

Canada 1 Individual 	50430 Jan 1980— 40-49 M+CBE+F' 2 12 4-5 100 Independent 

(40-49) Mar 1985 death review 

Canada 2 Individual 	39405 Jan 1980— 50-59 M+CBE+P 2 12 4-5 100 Independent 

(50-59) Mar 1985 death review 

Stockholm Cluster 	60 117 Mar 1981— Oct 1985— 40-64 M 1 28 2 81 Official statistics 

Day of birth May 1983 May 1986 

Goteborg Individual 	51 611 Dec 1982— Nov 1987— 39-59 M 2C 18 4-5 84 Official statistics 

cluster Apr 1984 June 1991 
Day of birth 

Finland Cluster 	158 755 1987-89 After 1990 50-64 M 2 24 90 Official statistics 

Year of birth 
M, mammography; CEE, clinical breast examination; P, teaching of practice of breast self-examination; NA, not available 
a First round 

In trials included in the first overview of the Swedish trials, both independent death review and official statistics were used to determine cause of death. I 	CD 

From round 3, one or two views according to parenchymal pattern 
dAverages for age groups 39-49 and 50-75, respectively 

LQ 
e Refers to the first cohort; 4867 and 5499 women aged 45-49 years were randomized during the first and second accrual periods, respectively. 

Controls had only one CBE at entry and P in Canada 1, and CBE and P in Canada 2. 



Trial Enrollment 	Intervention Population Mean Breast cancer RR (95% Cl) 
(years/age) 	(invitations x 1000 duration of mortality per 100 000 

to screening) (screened/ follow-up person-years (number) 
control) (years) (screened/control) 	- - 	- 	-- 

Health Insurance 1963-66/40-64 4 in 4 years 30.1/30.7 18 23 (126)/29 (163) 	-.-( 0.78 (0.61-1.00) 
Plan, USA 

Malmo I, 1976-78/45-70 4 in 8 years 21.1/21.2 19.2 45 (161)/55 (198) 	.T;_ 0.81 (0.66-1.00) 
Sweden 

Malmo II, 1978-90/43-49 4 in 8 years 9.6/8.2 9.1 26 (29)/38 (33) 0.65 (0.39-1.08) 
Sweden 

Kopparberg, 1976-78/40-74 3 in 6 years 28.2/18.3 20 27(152)/33 (121) 	3 -  0.59 (0.47-0.75) 
Swedish 
Two-county 

östergOtland, 1978-81/40-74 4 in 8 years 38.9/37.7 17.4 30 (177)/33 (190) 	 . 0.89 (0.72-1.09) 
Swedish 
Two-county 

Edinburgh, UK 1978-81/45-64 4 in 8 years 28.6/26.0 12.6 49 (176)/57 (187) 	- 0.78 (0.62-0.97) 

Canadian 1980-85/40-49 5 in 	years 25.2/25.2 13 32 (105)/33 (108) 	. ... 1.06 (0.80-1.40) 
National I 

Canadian 1980-85/50-59 5 in 	years 19.7/19.7 13 42 (107)/41 (105) 	---ik---- 1.02 (0.78-1.33) 
National li 

Stockholm, 1981-83/40-64 2 in 4 years 39.1/21.0 14.9 15 (82)/17 (50) 	--.---- 0.90(0.63-1.28) 
Sweden 

Goteborg, 1982-84/40--59 3 in 5 years 21.0/29.2 13.3 23 (62)/30 (113) 0.78 (0.57-1.07) 
Sweden 

Finland 1987-89/50-64 2 in 4 years 89.9/68.9 4.4 16 (64)/21 (63) 0.76 (0.53-1.09) 
_ 
0.0 	1.0 2.0 

RR, relative risk, Cl, confidence interval 

[The Working Group concluded that Finnish national programme 	after 1990. The breast cancer mortality 

these trials were valid, but could not be 	Hakama et al. (1997) compared deaths rate ratio was 0.76 (95% Cl, 0.53-1.09). 

included in its evaluation of mammogra- from breast cancer reported to the The effect was greatest among women 

phy alone, as screening in both trials 	Finnish Cancer Registry and diagnosed aged less than 56 years at entry (rate 

included clinical breast examination, and over the period 1987-92 among women ratio, 0.56; 95% Cl, 0.33-0.95). When 

the design for that with 50-59-year-old 	in birth cohorts invited for screening in 	follow-up for newly diagnosed breast 

women was different from those of all the national programme before 1990 with cancers was extended to 1995, the dit- 

other trials.] 	 those among women who were invited ference between the cohorts largely 



disappeared (mortality rate ratio, 0.93; 
95% Cl not available), presumably 
because of the effect of screening in the 
control cohorts (Hakama et al., 1999). 

[Although this was not a classical ran-
domized trial, the results provide evi-
dence of similar quality]. 

Swedish trials 
The Malmo mammography screening 
trials 
Imbalances were noted in two birth-year 
cohorts in these trials: because of an 
administrative error, the whole 1934 birth 
cohort was invited to screening, and the 
1929 birth cohort participated in another 
research project in which they were 
offered mammography. Thus, only 663 
women were invited instead of the 
intended 777 (Olsen & Gotzsche, 2001). 
With a follow-up of 19.2 years in the first 
trial (age, 45-70 years at randomiza-
tion), the relative risk for death from 
breast cancer was 0.81 (95% Cl, 
0.66-1.00). The corresponding figures in 
the second trial (age, 43-49 years at 
randomization) after 9.1 years of follow-
up were 0.65 (95% Cl, 0.39-1.08). The 
results for the two trials were similar with 
and without inclusion of the 1929 and the 
1934 birth cohorts (Nystrom et al., 2002). 

The Two-county trial (Kopparberg and 
Ostergotland) 
The first results from the trial were pub-
lished in 1985 (Tabâr et al., 1985) and 
were updated comprehensively in 1992 
(Tabár et al., 1992). The follow-up has 
been continuous, the latest being 
through 1998, which showed a signifi-
cant, 32% reduction in breast cancer 
mortality in the two counties combined 
(relative risk, 0.68; 95% Cl, 0.59-0.80). 
After 20 years of follow-up, the relative 
risk for death from breast cancer in 
Kopparberg was reported to be 0.76 
(95% Cl, 0.42-1.40) for women aged 
40-49 years, 0.46 (95% Cl, 0.30-0.71) 
for women aged 50-59, 0.58 (95% Cl, 
0.39-0.87) for women aged 60-69 and 
0.76 (95% Cl, 0.44-1.33) for women 

aged 70-74 at randomization (Tabár et 
al., 2000b). In the follow-up through 1996 
(Nystrom et al., 2002), only data for 
Ôstergotland were available. After 17.4 
years of follow-up, the relative risk for 
death from breast cancer was 0.89 (95% 
Cl, 0.72-1.09) for women aged 40-74. 

Nixon et al. (2000) analysed the data 
for the two counties in four ways with 
various statistical assumptions, and 
found that the point estimates and the 
95% confidence intervals in fixed-effect 
models for women aged 40-74 (relative 
risk, 0.72; 95% Cl, 0.61-0.83) agreed 
closely with those derived from three 
random-effects models (0.70, 0.60-0.82; 
0.70, 0.57-0.84; 0.70, 0.59-0.83), 
because the heterogeneity between 
clusters was small. 

Olsen 	and 	Gotzsche 	(2001) 
described various potential problems 
with the Two-county trial. However, 
NystrOm et al. (2002) reported that the 
breast cancer incidence and mortality 
rates in the screened and control arms in 
Ostergotland County before the trial 
(1968-77) were similar. They suggested 
that there is no reason to believe that the 
cluster randomization in this component 
of the trial was biased, as any bias would 
have manifested in breast cancer inci-
dence and mortality. Duffy and Tabár 
(2000) rebutted similar criticisms pub-
lished in an earlier review by Gotzsche 
and Olsen (2000) of the trial in 
Kopparberg. 

The Stockholm trial 
After a median follow-up time of 14.9 
years, the relative risk for death from 
breast cancer was 0.90 (95% Cl, 
0.63-1.28). Although the possibility of 
double counting of controls in earlier 
analyses has been raised, this was not 
done in the most recent analysis 
(Nystrom et al., 2002). 

The GOteborg trial 
With a median follow-up of 13.3 years, 
the overall relative risk was 0.78 
(0.57-1.07). [The results of the trial for 

women aged 50-59 were described only 
in the overviews of Nystrom et al. (1993, 
2002).] 

Methodological issues with respect to 
the Swedish trials 
There have been three overviews of the 
Swedish trials (NystrOm et al., 1993; 
Larsson et al., 1997; Nystrom et al., 
2002), and the methodological issues 
have been addressed in several publica-
tions (NystrOm et al., 1995, 1996). 

Randomization: As discussed above, 
individual randomization simplifies statis-
tical analyses. This method was used in 
the MalmO trials and in the second part 
of the Gôteborg trial (women born 
1935-44), but not in the other trials (see 
Chapter 1). 

Inclusion and exclusion criteria: In all the 
Swedish trials, women randomized to the 
intervention group were invited to 
screening with mammography alone. 
Women in whom breast cancer had 
been diagnosed before invitation to 
screening were excluded from the statis-
tical analysis. As the overviews focused 
on the age group 40-74 years at entry, a 
small number of women under 40 and 
over 74 at randomization were excluded. 

Outcome measures: The main outcome 
measure in all the trials was death from 
breast cancer. Both the Two-county 
study and the first Malmö trial had 
detailed protocols for determining the 
cause of death as breast cancer. The 
protocol of the Two-county study pre-
scribed identification of women with 
breast cancer present at death, and the 
researchers themselves determined the 
cause of death. In the Malmö trial, two 
sources were used to determine the 
underlying cause of death: an indepen-
dent committee and the Cause of Death 
Register at Statistics Sweden. 

An independent end-point committee 
was appointed by the overview group, 
which consisted of a pathologist, a 
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radiologist, an oncologist (chairman) and 
a surgeon, who were unaware of 
whether a case had been found at 
screening or otherwise. Breast cancer as 
the under-lying cause of death and 
breast cancer present at death were the 
outcome measures (see above). A total 
of 27 582 deaths occurred during the fol-
low-up, between the date of randomiza-
tion through December 1989 (Nystrom et 
al., 1995). Of these, 1299 were reported 
as due to breast cancer to the Cancer 
Registry, and 14 were reported to the 
Cause of Death Register with breast can-
cer as the underlying or contributory 
cause of death only (Table 20). All 
available information was collected on all 
1313 deaths from breast cancer, 
including medical records, death certifi-
cates, autopsy protocols and histo-
pathology reports. The mode of detection 
was not revealed, and only year of birth 
and year of death were available to the 
reviewer (Nystrbm, 2000). Medical 
records and/or autopsy protocols were 
available for 99% of cases, death certifi-
cates for 99%, histopathology reports for 
90%, medical records for 86% and 
autopsy protocols for 39%. Autopsy was 
performed in 551 cases, according to the 
available information, but reports could 
be traced in only 511 cases (92%). The 
autopsy rate was 74% in the Malmö trial, 

45% in Kopparberg, 31% in the 
Gbteborg trial, 25% in Ostergötland and 
22% in the Stockholm trial. Fifteen cases 
were excluded because, although they 
were reported as being breast cancer, 
the end-point committee concluded that 
their cancer had arisen at another site. 
Out of 843 deaths in which the underly-
ing cause was classified by the end-point 
committee as having been breast cancer, 
829 (98%) were also classified as breast 
cancer present at death (Nyström et al., 
1995). 

The relative risks for death from 
breast cancer in the invited group in 
comparison with the control group, with 
the various end-points measured by the 
end-point committee and Statistics 
Sweden, are summarized in Table 21. As 
there was substantial concordance 
between the relative risks, both by trial 
and by age group (Table 22), Statistics 
Sweden was used as the source of 
cause of death for the follow-ups through 
1993 and 1996. 

Although it has been suggested the 
total mortality should be the main out-
come examined (Black et al., 2002; see 
above), the Swedish studies did not have 
sufficient statistical power for this to be 
used as the primary outcome. In the fol-
low-up through 1996, the relative risk for 
deaths from all causes was 0.98 

Source of Number 
information 

Reported to Cancer 1299 
Registry and Cause of 
Death Registry 

Reported to Cause of Death 14 
Registry only 

Total 1313 

Excluded by end-point committee: 

Not breast cancer 15 

Lack of information 2 

Study population 1296 

From NystrOm et al. (1995) 

(0.96-1.00) (Nysträm et al., 2002; Table 
23). 

Model for statistical analysis: In all the 
trials except for part of that in Malmö 
(women born between 1908 and 1922) 
and part of the Two-county trial (women 
aged 70-74 years at randomization), the 
controls were later also invited to 
screening. Deaths among women whose 
breast cancer was diagnosed after the 
controls had completed screening 

Source 	Cause of death No. of breast cancer deaths 

Invited Control RR 95% CI 

End-point 	Breast cancer underlying cause 418 425 0.77 0.67-0.88 
committee 

Breast cancer present at death 440 442 0.79 0.69-0.90 

Statistics 	Breast cancer underlying cause 419 409 0.80 0.70-0.92 
Sweden 

Breast cancer underlying plus 480 472 0.79 0.70-0.90 
contributory cause 

From Nystrom et al. (1995) 
Cl. confidence interval 
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End-point committee Statistics Sweden 
Trial ----- ---- -- - 

Age at entry Underlying Present at death Underlying Underlying plus 
cause cause contributory cause 

MalmO I 45-70 0.81 0.85 0.83 0.82 
Kopparberg 40-74 0.68 0.73 0.67 0.68 
Ôstergatland 40-74 0.82 0.78 0.89 0.87 
Stockholm 40-65 0.80 0.81 0.84 0.82 
GOteborg 40-59 0.86 0.84 0.93 0.87 

Overview 40-49 0.90 0.92 0.95 0.9 
50-59 0.72 0.71 0.76 0.74 
60-69 0.69 0.75 0.69 0.75 
70-74 0.98 0.92 1.05 0.86 
40-74 0.77 0.79 0.80 0.79 

From Nystrom etal. (1995) 

Trial Age at No. of woman-years x 1000 Total no. of deaths Relative risk 95% Cl 
randomization - 

Invited Control Invited Control 

Malmö I 45-70 360 362 5672 5796 0.99 0.97-1.01 

Malmä II 43-49 113 86 402 300 1.03 0.89-1.20 

Ôstergotland 40-74 589 572 10357 10036 0.98 0.95-1.01 

Stockholm 40-65 534 296 4 537 2 572 0.99 0.95-1.03 

GOteborg 40-59 268 373 1 430 2 241 0.94 0.88-1.00 

Overview 40-49 697 620 2 622 2 325 1.00 0.95-1.06 

50-59 709 677 6 398 6 464 0.95 0.92-0.98 

60-69 397 332 9 637 8 542 0.94 0.91-0.97 

70-74 62 59 3741 3614 0.99 0.91-1.07 

40-74 1865 1689 22398 20945 0.98 0.96-1.00 

- 40-74 0.98a 0.96-1.00 

From Nyström et al. (2002); Cl, confidence interval 

a Age-adjusted estimate 

cannot contribute useful information 	round of screening of the control group 	MalmO trial was (Nystrom et al., 2002). 

about the effects of screening (Nystram was completed, minimized the dilution of Statistics Sweden was used as the 

et al., 1993). Therefore, in addition to the 	screening 	effects 	originating 	from 	source for cause of death. Initially, a 

traditional approach of following all 	cancers detected after completion of the 	pooled analysis was performed; there- 

breast cancer cases diagnosed between 	first screening of the controls. 	 after, the analysis was stratified by age 

the date of randomization and the date of 	 group, trial and age group and trial. As 

follow-up, this 'follow-up' model was Follow-up through 1996 	 the stratified analysis gave the same 

complemented by an 'evaluation' model, 	For this follow-up, the Kopparberg part of 	results as the pooled analysis, only the 

which, by ignoring deaths in breast 	the Two-county trial was not available for 	results of the pooled data analysis are 

cancer cases diagnosed after the first 	analysis, but the continuation of the 	presented below, and as the results of 
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the follow-up and evaluation models 
were similar, the results from the evalua-
tion model are presented. 

With a median trial time of 6.5 years 
(range, 3.0-18.1) and a median follow-
up time of 15.8 years (5.8-20.2) (Table 
24), there was a significant, 20% reduc-
tion in breast cancer mortality (RR, 0.80; 
95% Cl, 0.71-0.90) (Table 25). Table 25 
also presents the results for all ages 
combined for each of the trials consid-
ered and the results for all trials com-
bined by age. 

With regard to total mortality, there 
were 22 398 deaths in 1 864 770 
woman-years in the invited group and 
20 945 in 1 688 440 woman-years in the 
control group, resulting in a relative risk 
of 0.98 (95% Cl, 0.96-1.00) (Table 23). 

[The Working Group considered that 
the latest published data from each of 
the Swedish trials were valid and should 
be included in its evaluation.] 

On-going trials 
United Kingdom 
In 1991, a national, multicentre random-
ized controlled trial was set up by the 
United Kingdom Coordinating Commit- 

tee on Cancer Research (Moss, 1999). 
The aim was to recruit 195 000 women 
aged 40-41 years, with 65 000 forming a 
study group and the remaining 130 000 a 
control group. Women in the study group 
are invited for annual screening by 
mammography and become eligible for 
the National Health Service Breast 
Screening Programme after the age of 50. 

Singapore 
During a 2-year period starting on 1 
October 1994, 67 656 women in 
Singapore aged 50-64 were randomized 
to two-view mammography and 97 294 
to the control group. Only 28 231 (42%) 
participated in the first screening round, 
suggesting that issues related to accept-
ability require further study (Ng et al., 
1998). No evaluation of the effect on 
breast cancer mortality has been reported. 

Slovenia 
In 1989, 12 400 women aged 50-64 
living in three regions of Slovenia were 
randomized to clinical breast examina-
tion, instruction in breast self-examina-
tion and a single medio-lateral view 
mammogram or to a control group with 

no intervention. The women in the inter-
vention arm were then offered clinical 
examination and mammography at a 
screening interval of 24-36 months. The 
first follow-up of breast cancer mortality 
is planned to cover the period 
1989-2000 (Rudolf, 1994). 

The Working Group's overview of all 
trials 
Table 19 summarizes the most recently 
published results from the trials 
described above for women aged 40-74. 
Altogether, the trials included over 
350 000 women in the intervention 
groups and 306 000 in the control 
groups, who were followed for an 
average of 14.1 years, giving a total of 
9.2 million woman-years of follow-up. 
There were 1241 deaths from breast 
cancer in the intervention groups and 
1331 in the control groups. 

Among the women included in the 
randomized trials of mammography 
alone versus no screening, 107 700 
were aged 40-49 at recruitment and 
336 300 were aged 50-69 (Tables 26 
and 27). The total number of deaths from 
breast cancer in the intervention and 

Trial Age group Trial time (years) Follow-up time (years) 

Median Range Median Range 

MalmO I 45-70 18.8 13.9-20.2 19.2 18.3-20.2 

MalmO II 43-49 5.8 3.1-18.1 9.1 5.8-18.3 

ÔstergOtland 40-74 7.7 6.5-10.9 17.4 15.8-18.6 

Stockholm 40-65 4.4 3.2-4.8 14.9 13.6-15.8 

Goteborg 40-59 6.7 4.8-7.5 13.3 12.7-14.0 

Overview 40-49 6.6 3.0-18.1 14.8 5.8-19.8 

50-59 4.9 3.2-8.7 15.6 13.3-20.2 

60-69 7.0 3.2-10.9 17.4 13.6-19.8 

70-74 9.2 6.6-10.9 17.4 15.8-18.6 

40-74 6.5 3.0-18.1 15.8 5.8-20.2 

From NystrOm et al. (2002) 



Efficacy of screening 

Trial 	 No. of woman-years 	No. of deaths 	 Relative risk 	95% Cl 

Intervention Control 	Intervention Control 

MaimS 1 360 362 161 198 0.81 a 0.66-1.00 

MaimS II 113 86 29 33 0.65 a 0.39-1.08 

ÔstergOtland 589 572 177 190 0.89a 0.72-1.09 

Stockholm 535 296 82 50 0.90 a 0.63-1.28 

GOteborg 268 373 62 113 0.78 0.57-1.07 

Overview (age at randomization) 

40-49 697 620 140 155 0.80 0.63-1.01 

50-59 709 677 206 235 0.84 0.70-1.01 

60-69 397 332 133 168 0.67 0.53-0.84 

70-74 62 59 32 26 1.18 0.71-1.97 

40-74 1865 1688 511 584 0.80e 0.71-0.90 

From Nystrom etal. (2002); Cl, confidence interval 

a Age-adjusted estimate 

control groups in these trials were 166 
and 173, respectively, among women 
aged 40-49 and 496 and 549, 
respectively, among women aged 50-69. 
The combined estimates of relative risk 
for death from breast cancer in these tri-
als were 0.81 (0.65-1.01) and 0.75 
(0.67-0.85), respectively. 

In the trials in which one-view 
mammography was used (Kopperberg, 
Ostergotland and Stockholm), the 
relative risk for death from breast cancer 
in the group given mammography versus 
the unscreened group was 0.77 (95% Cl, 
0.62-0.92). In the trials with pre-domi-
nantly two-view mammography (Göteberg, 
MalmO I and Il and Finland), the corre-
sponding figure was 0.78 (95% Cl, 
0.62-0.94). The exclusion or inclusion of 
any particular trial in the evaluation did 
not materially alter the overall estimates 
in Table 26 or 27. Further, addition of the 
Health Insurance Plan study, in which 
mammography plus clinical breast exam-
ination was compared with no screening,  

did not significantly change the overall 
estimate of effect for women aged 50-69 
(OR, 0.80; 95% Cl, 0.73-0.87). However, 
addition of the Health Insurance Plan 
study and the study in Canada of women 
aged 40-49 to the trials of mammogra-
phy alone among women age 40-49 
resulted in an odds ratio of 0.88 (95% Cl, 
0.74-1.04). 

The results of the trials in which the 
outcomes for women invited for 
mammography alone were compared 
with those for women given no screening 
can be used to estimate the absolute 
reduction in the number of deaths from 
breast cancer among women some time 
after screening. The results shown in 
Tables 26 and 27 indicate that the 
reduction in mortality from breast cancer 
over a 10-year period after first invitation 
for screening would be 0.5 per 1000 
women aged 40-49 and 0.9 per 1000 
women aged 50-59. Figure 29 gives the 
relevant results from the Swedish 
overview. 

The estimate of reduction in breast 
cancer mortality from an 'intention to 
treat' analysis can be translated into an 
estimate of the reduction for women who 
are actually screened by taking account 
of lack of compliance in the invited arm 
and dilution in the control arm (Cuzick et 
aI., 1997). The reduction in breast cancer 
mortality among women aged 50-69 pre-
senting for screening was estimated to 
be about 39% on the basis of the early 
results of the Swedish trials (Day, 1991). 

[Similar calculations based on the 
most recently published data from the 
Swedish trials give an estimate of 35% 
for women aged 50-69 at entry to the 
trial, who presented for screening.] 

Age-specific effects of screening 
Only the Canadian trial in women aged 
40-49 was designed to estimate the 
effect of screening during a limited age 
interval. The hypothesis that there might 
be a differential effect of screening by 
age was raised in the early analyses of 



0.0 	1.0 	2.0 

Malmo I, 
Sweden 

Malmo Il, 
Sweden 

Kopparberg, 
Swedish 
Two-county 

östergotland 
Swedish 
Two-county 

Stockholm, 
Sweden 

Goteborg, 
Sweden 

1976-78/45-49 4 in 8 years 4.0/4.1 34 (24)/45 (33) 

1978-90/43-49 4 in 8 years 9.6/8.2 26 (29)/38 (33) 

1976-78/40-49 3 in 6 years 9.5/5.1 14 (26)/18 (18) 

1978-81/40-49 4 in 8 years 10.3/10.5 18 (31)/17 (30) 

1981-83/40-49 2 in 4 years 14.3/8.0 17 (34)/11 (13) 

1982-84/40-49 3 in 5 years 10.9/13.2 16 (22)/28 (46) 
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Trial 
	

Enrollment 	Intervention Population Breast cancer mortality 
	

RR (95% Cl) 
(years/age) 	(invitation to x 1000 	per 100 000 person-years 

screening) 	(screened! (number) (screened/control) 
control) 

All trials 	 58.6/49.1 	19 (166)/24 (173 

Tests for heterogeneity between trials X2 = 7.34; p > 0.1; not significant 

0.74 (0.44-1.25) 

0.65 (0.39-1.08) 

0.76 (0.42-1.40) 

1.05 (0.64-1.71) 

1.52 (0.80-2.88) 

0.58 (0.35-0.96) 

0.81 (0.65-1.01) 

the Health Insurance Plan trial (Shapiro 
et aI., 1971). Subsequently, as summa-
rized earlier in this chapter, all the trials 
were analysed by age. Several biological 
phenomena are relevant to screening of 
women aged 40-49 that might explain 
the lower efficacy of screening, including 
greater breast density, resulting in lower 
sensitivity of mammography (see Chapter 
2), and the lower detection rates on 
screening, with lower prevalence and 
incidence ratios and higher proportionate 
rates of interval cancers (Fletcher et al., 
1993). 

Although the only trial to include 
women aged 70-74 did not find a 
significant effect of mammographic 
screening (Tabár et aI., 1992), the partic-
ipation rate of this group was poor, and  

only two screens were offered. However, 
there is no biological reason to expect 
less effectiveness in this age group than 
among women aged 60-69, apart from 
the slower growth rate of tumours in 
older persons. 

[The Working Group decided not to 
present a pooled estimate for all age 
groups, because of the differences in 
potential efficacy for women under and 
over the age of 50.] 

Frequency of mammo graphic 
screening 
In most of the randomized controlled 
trials, a 1-2-year screening interval was 
used. In the Swedish Two-county trial, a 
24-month interval was used for women 
aged 40-49 and a 33-month interval for 

women aged ~: 50. Although no formal 
comparison has been made, Tables 26 
and 27 suggest no major difference in 
efficacy by screening interval. 

The effect of annual versus 3-yearly 
mammography screening in increasing 

the likelihood of an improved outcome 

was tested in one trial (Breast Screening 
Frequency Trial Group, 2002). The 

measured outcomes included tumour 

size, nodal status and histological grade 
of invasive tumours. These data were 

fitted into two models to predict breast 

cancer mortality. Although the tumours 
diagnosed in the women in the study arm 

were significantly smaller than those in 

the control arm, there was no difference 

in terms of nodal status and histology 
grade. The relative risks for predicted 
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Efficacy of screening 

Table 27. Efficacy of screening for breast cancer by mammography alone in women aged 50-69 

Trial 	 Enrollment 	Intervention 	Population 	Breast cancer mortality 	 RR (95% CI) 
(years/age) 	(invitations 	x 1000 	per 100 000 

to screening) (screened! 	person—years (number) 
control) 	(screened/control) 

Malmo I, 1976-78/50--69 4 in 8 years 16.8/16.8 47 (134)/57 (162) 

Sweden 

Kopparberg, 1976-78/50-69 3 in 6 years 23.3/10.7 20 (93)/39 (83) 

Swedish 
Two-county 

östergotland, 1978-81/50-69 4 in 8 years 23.6/22.4 33 (117)140 (137) 

Swedish 
Two-county 

Stockholm, 1981-83/50-64 2 in 4 years 24.8/13.0 14 (48)/21 (37) 

Sweden 

Goteborg, 1982-84/50-59 3 in 5 years 10.1/16.0 31(40/33 (67) 

Sweden 

Finland 1987-89/50-64 2 in 4 years 89.9/68.9 16 (64)/21 (63) 

All trials 188.5/147.8 25 (496)/36 (549) 

Tests for heterogeneity between trials X 	= 8.83; p 	> OEl; not significant - 

0.84 (0.68-1.04) 

0.52 (0.39-0.70) 

0.81 (0.64-1.03) 

0.68 (0.44-1.04) 

0.94 (0.62-1.43) 

0.76 (0.53-1.09) 

0.75 (0.67-0.85) 

0.0 	1.0 	2.0 

 

deaths from breast cancer for annual 
versus 3-yearly screening were 0.95 
(95% Cl, 0.83-1.07) and 0.89 (95% Cl, 
0.77-1.03) in the two models. 

Cohort and nested case—control 
studies 
In 1973, the American Cancer Society 
initiated the Breast Cancer Detection 
Demonstration Project, a collaborative 
effort with the National Cancer Institute, 
to demonstrate the feasibility of large-
scale screening for breast cancer 
(Beahrs etal., 1979; Baker, 1982). A total 
of 280 000 volunteer women aged 35-74 
were recruited at 27 locations and 
screened annually for 5 years with two-
view mammography, clinical breast 
examination and, up to 1977, thermo-
graphy. The project was not designed for 
evaluation of the effectiveness of 
mammography screening; however, 

Morrison etal. (1988) followed-up 55 053 
white women for 9 years and, by calcu-
lating the 'expected' mortality from breast 
cancer for women without diagnosed 
breast cancer at the start of observation, 
they estimated ratios (observed: 
expected deaths from breast cancer) of 
0.89, 0.76 and 0.74 for women aged 
35-49, 50-59 and 60-74 years, 
respectively, at entry. [No confidence 
intervals or  values were reported.] 

In 1974, de Waard et al. (1984a) set 
up a population-based study of periodic 
screening of women aged 50-64 years 
in Utrecht, The Netherlands. Of 20 555 
invited women, 14 796 (72%) attended 
the first of four rounds (ended in 1987 
when the national programme was 
launched). The intervals between 
successive screening rounds were 12, 
18, 24 and 48 months. The effect of the 
programme on mortality from breast can- 

cer was evaluated in nested case—con-
trol studies (Table 28), which showed a 
significant reduction in mortality for 
women who had ever been screened 
when compared with those who had 
never been screened (OR, 0.30; 95% Cl, 
0.13-0.70) (Collette et al., 1984). The 
odds ratios for women aged 50-54, 
55-59, 60-64 and 65-69 at diagnosis 
were 1.13,0.31,0 and 0.10, respectively. 
These estimates were based on small 
numbers, and no confidence intervals 
were given. 

In 1975, a population-based screen-
ing programme was set up in the city of 
Nijmegen (150 000 inhabitants), The 
Netherlands (Peeters et al., 1989a). The 
first screening round, in 1975-76, 
involved 23 000 women born in 
1910-39, who were thus 35-64 years 
old. In the subsequent screening rounds, 
the same birth cohort was invited, as well 
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Figure 29 Cumulative mortality from breast 
cancer per 100 000 among women aged 
40-49, 50-59 and 60-69 years at time of invi-
tation to screening and among controls in the 
Swedish overview; evaluation model; follow-up 
until December 1996 
From Nyström et al. (2002) 

as 7700 women born before 1910. The 
odds ratio for death from breast cancer 
estimated in a case-control analysis 
were 1.2 (95% Cl, 0.31-4.8) for women 
aged 35-49, 0.26 (95% Cl, 0.10-0.67) 
for those aged 50-64 and 0.81 (95% Cl, 
0.23-2.8) for women aged ~ 65 (Verbeek 
et al., 1985). 

Between 1970 and 1980, 33 000 
women aged 40-70 years living in 24 
municipalities in Florence, Italy, were 
invited to mammographic screening with 
cranio-caudal and mediolateral-oblique 
views every 2.5 years. In 1989, the study 
area was extended to include the city of 

Florence. Palli et al. (1986, 1989) used a 
nested case-control approach to esti-
mate the impact on breast cancer mor-
tality (Table 28). The odds ratios for 
women aged 40-49 and ~! 50 at diagno-
sis were estimated to be 0.63 (0.24-1.6) 
and 0.51 (0.29-0.89), respectively. [The 
estimates of risk by age at diagnosis 
instead of age at initiation of screening 
are confounded by lead time.] 

The nested case-control approach 
was also used by Thompson, R.S. et al. 
(1994) to evaluate the effect of a screen-
ing programme in Washington State, 
USA, in 1982-88. The cohort consisted 
of 94 656 women aged ~t 40 years. 
During the study, there were 1144 inci-
dent cases of breast cancer, including 
126 deaths. A randomly selected sub-
sample representing 2.4% of the cohort 
constituted the control group. With a 
mean follow-up of 3.5 years after screen-
ing, the relative risk for mortality from 
breast cancer in screened as compared 
with unscreened women was 0.80 
(0.34-1.8) for women aged ~! 40 and 
0.61 (0.23-1.6) for women aged ~! 50. 

Two of the randomized controlled 
trials, the Health Insurance Plan trial 
(Friedman & Dubin, 1991) and one 
MalmO trial (Janzon & Andersson, 1990; 
Gullberg et al., 1991), were also 
evaluated in nested case-control studies 
(Table 28). For a discussion of the 
methodological issues related to these 
nested case-control studies, see above. 

A meta-analysis of the Utrecht, 
Nijmegen, Florence, United Kingdom 
and MalmO case-control studies resulted 
in an odds ratio of 0.44 (95% Cl, 
0.38-0.50) for screened versus 
unscreened women, with a slightly lower 
odds ratio for women in programmes in 
which mammography was combined 
with clinical breast examination (OR, 0.37; 
95% Cl, 0.30-0.45) as compared with 
mammography alone (OR, 0.49; 95% Cl, 
0.42-0.58) (Demissie etal., 1998). 

[The estimates in Table 28 should be 
treated with caution as they may be 
biased (see above).] 

Quasi-experimental study 
In the Trial of Early Detection of Breast 
Cancer in the United Kingdom, set up in 
1979, women aged 45-64 years were 
invited to screening at one of two cen-
tres, in Edinburgh and Guildford, every 
year for 7 years, by mammography and 
clinical breast examination every 2 years 
and by clinical breast examination only in 
the intervening years (UK Trial of Early 
Detection of Breast Cancer Group, 
1988). Women in the same age range in 
the comparison centres were identified 
but were offered no additional services. 
The rate of mortality from breast cancer 
was 27% lower (rate ratio, 0.73; 95% Cl, 
0.63-0.84) in the two screening centres 
combined than in the control centres. 
The rate ratios for women aged 45-49, 
50-54, 55-59 and 60-64 were 0.70 
(0.57-0.86), 0.79 (0.62-1.0), 0.71 
(0.51-0.90) and 0.72 (0.56-0.92), 
respectively (UK Trial of Early Detection 
of Breast Cancer Group, 1999). 

Efficacy of screening by 
clinical breast examination 

Estimating the efficacy of clinical breast 
examination alone in reducing breast 
cancer mortality is hindered by the 
paucity of relevant data. No randomized 
trial of clinical breast examination com-
pared with no screening has been 
completed. Indirect evidence of efficacy 
is based on comparisons by size, nodal 
status and stage of disease of tumours 
detected by clinical breast examination 
with others means of detection; compari-
son of the survival of women with 
cancers detected by clinical breast 
examination in contrast to mammogra-
phy; and the results of a randomized trial 
in which breast cancer mortality was 
compared in women given breast exam-
inations alone with that in women who 
received combined screening by mam-
mography and clinical breast examina-
tion (Miller etal., 2000, 2002). 
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The studies have found consistently 
that the percentage of tumours diag-
nosed at an early stage is higher with 
detection by clinical breast examination 
than those found by the women them-
selves but lower than with detection by 
mammography (Table 29). The largest of 
these studies was a nationwide study on 
mass screening for breast cancer 
involving clinical breast examination with 
or without instruction in self-examination, 
sponsored by the Ministry of Health and 
Welfare of Japan in 11 regions. Ota et al. 
(1989) compared the clinical stage and 
the survival rate of 728 patients with 
breast cancer detected during mass 
screening (726 by clinical breast exami-
nation) with those of 1450 patients in 
outpatient clinics, after matching on 
treatment facility, age and year of 
treatment. The proportion of cases 
detected at stage lis, O or I was 41% 
with detection during mass screening 
and 29% of those diagnosed in 
outpatient clinics. 

Nodal status at the time of detection 
in the Health Insurance Plan study 
(Shapiro et al., 1988), in the Breast 
Cancer Detection Demonstration Project 
(Beahrs etal., 1979) and in the Canadian 
National Breast Screening trial of women 
aged 50-59 (Miller et al., 1992b) is 
shown in Table 30. In the Health 
Insurance Plan study and in the Breast 
Cancer Detection Demonstration Project 
(in which both mammography and clini-
cal breast examination were provided), 
clinical breast examination alone and 
mammography alone resulted in detec-
tion of similar proportions of node-nega-
tive tumours. However, the large propor-
tions of cancers for which the mode of 
detection was unknown in the latter 
study makes the result questionable. 
Furthermore, the observations in these 
two studies probably reflect the lower 
quality of mammography in the 1960s 
and 1970s than in more recent years. In 
the Canadian National Breast Screening 
trial, annual clinical breast examination 
alone was associated with a lower pro- 
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Smith etal. (1980) In situ plus local 
(USA) 

Seidman et al. (1987) Intraductal plus in situ plus 1375 	35 
(USA) invasive < 1 cm 

Shapiro et al. (1 988a) Intraductal plus in situ plus 44 	39 
(USA) local 

Ota etal. (1989) TNM stage lis or O or I 
(Japan) 

Senie et al. (1994) Axillary node negative 30 	90 
(USA) 

Ohuchi etal. (1995) In situ plus invasive < 1 cm 35b 	26 
(Japan) 

McPherson et al. (1997)C Localized 293 	76 
(USA) 

Koibuchi etal. (1998) TNM stage Tis or O or I 
(Japan) 

Miller et al. (2002)C Invasive <9 mm 69 	33 
(Canada) 

Miller et al. (2000) Invasive <9 mm 126 	29 
(Canada)d 

Controls in randomized trial 
b Includes cases diagnosed by mammography plus clinical breast examination 
c Limited to women 40-49 years of age at enrollment 
ci Limited to women 50-59 years of age at enrollment 

	

54 
	

64 	57 	58 

	

257 
	

16 	692 	16 

	

59 
	

14 	295e 	8.1 

	

728 
	

41 	1450 	29 

	

loi 	73 	598 	56 

	

44 
	

9.1 

	

114 
	

56 	364 	53 

	

178 
	

44 	587 	30.7 

	

58 
	

12 	NA 	NA 

	

148 
	

4.0 	NA 	NA 
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Table 29. Stage at diagnosis according to detection method  

Reference (country) 	Definition of early 	Mammography only Clinical breast 	Not detected at screening 
disease 	 examination only 

Total no. % early Total no. % early Total no. 	% early 
of cases stage 	of cases stage 	of cases 	stage 

portion of node-negative tumours than 
was combined screening. 

The survival rate was more 
favourable in cases detected by 
mammography than by clinical breast 
examination (Table 31). This is consis-
tent with the data on stage of diagnosis 
shown in Table 29 and suggests that 
there is a longer lead time with detection 
by mammography than by clinical breast 
examination. The differences in the sur-
vival of women whose tumours were 
detected by clinical breast examination 
and by other means are small and not 
consistent among studies. The differ- 

ence in 10-year survival reported by Ota 
et al. (1989) was not statistically signifi-
cant, but the difference at 5 years was 
(92% for clinical breast examination; 
86% for other modalities; p  <0.01). 

The results of the Canadian National 
Breast Screening study (Miller et aL, 
1992a,b, 2000, 2002) are shown in Table 
32. The survival rate after 7 years was 
only slightly better for women whose 
tumours were detected by mammogra-
phy than for those whose tumours were 
detected by clinical breast examination. 
The absence of a difference in mortality 
from breast cancer after 13 years  

suggests either that clinical breast 
examination was as effective as mam-
mography plus clinical breast examina-
tion in reducing deaths from breast can-
cer or that neither affected breast cancer 
mortality in these trials. 

In Japan, screening for breast cancer 
has been conducted mainly by breast 
examination by physicians. In a compari-
son of the change in age-adjusted death 
rate between 1986-90 and 1991-95, the 
average coverage rates for breast can-
cer screening per year for women aged 
30-69 years were calculated for 3255 
municipalities. Those with average 
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Efficacy of screening 

Nodal status 	Detected during first 5 years in Canadian National Breast Cancer Detection 
Health Insurance Plan Study Breast Screening Trial Demonstration Project (first screening) 

Mammo- 	CBE 	Both Mammo- CBE Mammo- CBE Both 
graphy 	alone graphy alone graphy alone 

Negative 	77 	76 	48 65 58 70 67 55 

Positive 	 16 	19 	41 26 36 10 17 26 

Unknown 	7 	5 	11 9 5 20 17 19 

From Beahrs et al. (1979); Shapiro et aI. (1988); Miller et al. (1992b) 
CBE, clinical breast examination 

Reference (country) Years of Mammography only Clinical breast Not detected by screening 
follow-up examination only 

Total no. of Survival Total no. Survival Total no. Survival (%) 
cases (%) of cases (%) of cases 

Shapiro et al. (1982) 12 44 68 59 56 294e 43 
(USA) 

Seidman et al. (1987) 10 1375 85 257 76 692 78 
(USA) 

Ota et al. (1989) 10 720 80 1440 78 
(Japan) 

Senie et aI. (1994) 10 30 83 101 73 598 64 
(USA) 

McPherson et al. (1997)b 8 293 88 114 71 364 75 
(USA) 

Koibuchi et al. (1998) 10 178 88 587 82 
(Japan) 

Stacey-Clear et al. (1992) 5 117 95 928 74 NA NA 
(USA) 

NA, not applicable  
a Controls in randomized trial 
b Limited to women 40-49 years of age at enrollment 

coverage rates of 20-40% and more death rate in the high coverage-rate tures (Miyagi and Gunma). Women who 
were each compared with two municipal- 	municipalities was statistically signifi- 	had died of breast cancer between 

ities selected as 'controls' and matched 	cantly greater than those in the control January 1993 and December 1995 were 

on population, national health insurance 	groups (Kuroishi et al., 2000; Table 33). 	identified from residential registers and 

rate and the age-adjusted death rate 	Kanemura et al. (1999) conducted a medical records. Controls matched for 

from cancer of the female breast in 	case—control study of clinical breast 	year of birth (within 2 years), sex and 

1986-90. The percentage reduction in 	examination in two Japanese prefec- 	address (administrative district) were 

105 



IARC Handbooks of Cancer Prevention, Volume 7: Breast Cancer Screening 

Women aged 40-49 

Mammography 
(n = 25 214) 

7-year survival after diagnosis (%) 

Mammography alone 	95 

Clinical breast examination 	89 
alone 

Both 	 86 

No. of deaths from breast 	105 
cancer at 13-year follow-up 

From Miller et al. (1992a,b, 2000, 2002) 
NA, not applicable 

Women aged 50-59 

Usual care (one clinical 	Mammography 	Clinical breast 
breast examination) 	(n = 19 711) 	examination only 
(n = 25 216) 	 (n = 19 694) 

NA 	 92 	 NA 

91 	 89 	 87 

NA 	 86 	 NA 

108 	 107 	 105 

Coverage, 	No. of Coverage rate by 1986-90 1991-95 Change in ADR (%) 
by age 	 municipalities screening  

No. of ADR No. of ADR 
deaths deaths 

All ages 
High coverage 	247 27 695 4.56 7.09 4.39 _37* 

Control 	494 8.5 5 144 5.09 6 346 5.62 10.6 

30-69 years 
High coverage 	247 27 557 7.56 512 691 _8.7** 
Control 	494 8.5 4 133 8.18 4 884 8.84 8.2 

From Kuroishi et al. (2000) 
ADR, age-adjusted death rate per 100 000 
* 

p <0.05; ** p <0.01 

selected randomly from the same regis- 	sis, respectively (Table 34). More cases 	effectively. This will require standardized 
fers. Screening history during 5 years than controls were symptomatic at training of examiners (see Chapter 2). 
before the date of diagnosis of cases screening. When women who had had 	Furthermore, if clinical breast examina- 
was ascertained from the files of the 	symptoms in their breasts were classi- 	tion is used in a screening programme, 
screening facilities, and 93 cases and 	fied as not screened, the odds ratio 	there must be complete follow-up of all 
375 controls were eligible for analysis. 	decreased to 0.56 (95% Cl, 0.27-1.18) 	women with abnormal findings. This 
The odds ratio for death from breast can- 	for the 1-year interval and 0.45 	might be difficult to achieve in developing 
cer was 0.93 (95% Cl, 0.48-1.79) and 	(0.22-0.89) for the 5-year interval, 	countries, as found in a randomized con- 
0.59 (95% Cl, 0.31-1.14) after participa- 	It is likely that a careful protocol for 	trolled trial of clinical breast examination 
tion in screening at least once in the 1- 	clinical breast examination will be 	in the Philippines (IARC, 1997): only 
year and 5-year intervals before diagno- required if this technique is to be used 	30% of women who were found to have 
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Feature of study 	 Group given instruction 

No. of women 	 57 712 

No. referred for evaluation 	4 300 (7.5%) 

No. with breast cancer 	 493 (0.9%) 

No of deaths from breast 	157(0.27%) 
cancer after about 10 
years of follow-up 

Survival 9 years after date 	65 
of detection (%) 

From Semiglazov et al. (1999) 

Control group 

64 759 

2438(3.8%)  

446(0.7%) 

167(0.26%) 

55 
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Efficacy of screening by 
breast self-examination 

Randomized trials 
Two randomized trials of breast self-
examination with mortality from breast 
cancer as the primary end-point have 
been conducted. The first, initiated in 
Moscow and St Petersburg, Russian 
Federation, were begun in 1985 
(Semiglazov et al., 1993). Preliminary 
results on deaths due to breast cancer 
have been reported only from the St 

Efficacy of screening 

IntervaP 	Cases 	 Controls Odds ratio 95% Cl 

No. 	% participatedb 	No. % participated' 

1 	 93 	17 	 375 18 0.93 0.48-1.79 

2 	 88 	24 	 347 25 0.86 0.46-1.60 

3 	 83 	24 	 328 31 0.63 0.33-1.18 

4 	 80 	25 	 319 33 0.57 0.30-1.07 

5 	 75 	25 	 299 33 0.59 0.31-1.14 

From Kanemura et al. (1999); Cl, confidence interval 
a Years before diagnosis of case 
b Percentage of women who had ever participated in screening within each interval 

abnormalities at screening received a 
definitive diagnosis after assessment. 

Thus, cancers detected by clinical 
breast examination tend to be diagnosed 
at a slightly earlier stage than those not 
detected by screening, but this had only 
a minor impact on survival. One 
case—control study and one ecological 
study (both in Japan) suggested that 
clinical breast examination reduces mor-
tality from breast cancer. In one random-
ized trial in Canada, mortality from breast 
cancer was similar among women who 
received combined screening (mam-
mography and clinical breast examina-
tion) and those who had clinical breast 
examination screening alone. 

Petersburg portion of the study 
(Semiglazov et aI., 1992, 1999). In that 
city, nine polyclinics and five enterprises 
were randomly selected as intervention 
facilities, and nine and five, respectively, 
as control facilities. Women aged 40-64 
who received their care in the interven-
tion facilities were invited to participate in 
the trial. Medical personnel in the clinics 
examined each woman's breasts, and 
the women in the intervention facilities 
were given detailed instruction in breast 
self-examination. They were also given a 
calendar to record their monthly practice 

and asked to return annually for 
reinforcement sessions. Women in the 
control clinics received clinical breast 
examinations alone. The results are 
summarized in Table 35. Significantly 
more women in the group given instruc-
tion than in the control group were 
referred for evaluation of a breast lump 
(p <0.05), and more were found to have 
a benign lesion. Breast cancer was 
diagnosed in more women in the group 
given instruction than in the control 
group, but the difference could have 
been due to chance, and the malignant 
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tumours in the two groups of women did 
not differ appreciably in size or percent-
age with axillary node involvement. 
Although the survival rate 9 years after 
diagnosis was somewhat more 
favourable for women who received 
instruction than in the control group 
(relative survival, 0.77 in log rank test), 
the difference was not statistically signif-
icant. After approximately 10 years of 
follow-up, almost equal percentages of 
women in the two groups had died with 
breast cancer (0.27% and 0.26%). One 
possible explanation for these results is 
poor compliance with the instructions for 
breast self-examination. In a sample of 
participants 1 year after training in the 
technique, 82% of the interviewed 
women reported practising breast self-
examination more than five times per 
year, and 53% reported monthly 
practice. However, by year 4, these per-
centages had dropped to 56% and 18%, 
respectively. Another possible reason for 
the results is that breast self-examination 
is not effective in reducing mortality from 
breast cancer among women who are 
also screened by clinical breast exami-
nation. 

The second randomized trial was 
conducted in Shanghai, China (Thomas 
et al., 1997, 2002). Between 1989 and 
1991, over 266 000 current and retired 
30-64-year-old female employees of the 
Shanghai Textile Industry Bureau, who 
worked in 519 different factories, were 
randomized by factory to receive instruc-
tion in breast self-examination or to a 
control group. Groups of about 10 
women received initial instruction in 
breast self-examination, two reinforce-
ment sessions 1 and 3 years later, 
consisting of videos and discussion 
groups, multiple reminders to practise 
breast self-examination and periodic 
practice sessions supervised by factory 
medical workers about every 6 months 
for 5 years. No breast cancer screening 
was offered to women in the control 
group. High levels of participation in the 
reinforcement and supervised breast  

self-examination sessions were docu-
mented during the first 4-5 years of the 
trial, during which time the women prac-
tised breast self-examination under med-
ical supervision an average of about 
once every 4-5 months. Women were 
encouraged to practise self-examination 
monthly, but the frequency of practice 
outside the clinic setting is unknown. 
Randomly selected women in the 
intervention group were more proficient 
in detecting lumps in silicone breast 
models than the control group. The 
results after 10-11 years of follow-up are 
summarized in Table 36. Benign breast 
lesions were diagnosed in more women 
in the group given instruction than in the 
control group (1.8% vs 1.0%). As 
expected, the numbers of women with 
breast cancer were similar in the two 
groups, and the breast cancers in the 
two groups did not differ appreciably in 
size (45% vs 42% were :5 2 cm) or 
stage (47% vs 48% had no axillary nodal 
involvement). Also, the proportion of 
deaths due to breast cancer (0.1% in 
each group; odds ratio for death, 1.04; 
95% Cl, 0.82-1.33) and the cumulative 
rates of mortality from breast cancer 
were nearly identical in the two 
groups, as were the survival rates of 
women with breast cancer, both from 
entry into the trial and from date of 
diagnosis. Evidence was presented that 
these results are not readily explicable 

No. of deaths from breast cancer 
after 10-11 years of follow-up 

From Thomas et al. (2002)  

by an absence of statistical power, 
insufficient duration or completeness of 
follow-up, failure of the randomization 
procedure to select two groups at equal 
risk for breast cancer, selective exclusion 
of women after randomization, incom-
plete or differential ascertainment of 
breast cancer cases or deaths, screen-
ing in the control group or insufficient 
treatment for breast cancer. 

Neither the trial in St Petersburg, 
where compliance was limited, nor the 
trial in Shanghai, where the level of com-
pliance was probably as high as could be 
achieved in a public health programme 
to promote breast self-examination, 
showed a reduction in mortality from 
breast cancer among women taught 
breast self-examination. 

Cohort studies 
Reports are available from three studies 
in which the rates of death from breast 
cancer were compared in women who 
did and did not practise breast self-
examination. The results are summa-
rized in Table 37. 

As part of the trial for early detection 
of breast cancer in the United Kingdom 
(Eliman et al., 1993; UK Trial of Early 
Detection of Breast Cancer Group, 
1999), women in the cities of 
Huddersfield and Nottingham were 
invited to attend educational sessions in 
breast self-examination, including a talk 

Feature of study 	 Group given instruction 	Control group 

No. of women 	 132 979 
	

133 085 

No. with benign breast lesions 	2387(l.8%) 	 1 296(1.0%) 

No. with breast cancer 	 864(0.7%) 	 896 (0.7%) 

135(0.1%) 	 131 (0.1%) 
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Reference (country) Years of Practised BSE No. of women No. of breast Rate ratio (95% CI) 
follow-up cancer deaths 

Holmberg et al. (1997) 13 Yes 177 602 925 1.03e (0.95-1.12) 
(USA) No 272 554 1375 1.00 (reference) 

Gästrin et al. (1994) 14 Yes 29 004 95 0.71 (0.57-0.87) 
(Finland) No General population 34b 1.00 (reference) 

134 
UK Trial of Early Detection 
of Breast Cancer Group 
(1999) (United Kingdom) 	16 	 Yes: 

Total 	 63373 	 661 	 099G (0.87-1.12) 
Huddersfield 	Not reported 	187 	 079G (0.65-0.96) 
Nottingham 	Not reported 	474 	 109G (0.95-1.26) 

No 	 127 123 	1312 	 1.00 (reference) 

a Adjusted for age, parity, family history of breast cancer, ages at menarche and first pregnancy and body mass index 
b Expected on basis of age-specific rates in general population of Finland 

Adjusted for age and pre-trial standardized mortality ratio 

and a film. In Huddersfield, calendars 
were sent out annually as reminders and 
for women to record their monthly breast 
self-examination practice. The rates of 
breast cancer mortality among women 
invited to breast self-examination training 
(whether or not they attended) were 
compared with those in four centres in 
which women received no breast cancer 
screening or breast self-examination 
instruction. No overall difference in mor-
tality rates from breast cancer was 
observed between the women in the two 
instruction centres combined and the 
women in the four comparison centres 
(Table 37). However, the rate ratio in 
Huddersfield was significantly lower than 
unity and similar to that observed in the 
Finnish Mama Program. As in that pro-
gramme, it was the centre from which 
calendars were sent, suggesting that the 
difference might have been due to more 
intensive breast self-examination prac-
tice in Huddersfield. More women in 
Huddersfield than Nottingham also 
received breast-conserving surgery, 
chemotherapy and tamoxifen, whereas 
the participation rates in the breast 

self-examination instruction were higher 
in Nottingham than in Huddersfield, 
suggesting that differences in treatment 
or other factors could explain the dis-
crepant results. 

In the Mama Program for Breast 
Screening (Gâstrin et aI., 1994), begin-
ning in 1973, groups of 20-50 women in 
Finland were given detailed instruction in 
breast self-examination, followed by 
periodic reminders and annual mailings 
of calendars for the women to record 
their practice. Mortality among the 
participants was compared with that of 
the general population of Finland. As 
shown in Table 37, the rate of mortality 
from breast cancer among the partici-
pants was significantly lower than 
expected (rate ratio, 0.71; 95% Cl, 
0.57-0.87), in spite of a higher incidence 
of breast cancer than expected (inci-
dence rate ratio = 1.2). Lower rates of 
death due to breast cancer were 
observed among women in most age 
groups and were most pronounced 3-6 
years after entry into the study. However, 
the mortality rates from all causes were 
similarly significantly lower (observed  

deaths, 2658; standardized mortality 
ratio = 0.67), suggesting that the partici-
pants were generally healthier than 
women in the general population, and 
that their lower rate of death from breast 
cancer was due to factors related to bet-
ter survival, other than early diagnosis 
resulting from breast self-examination, 
which were not controlled for in the 
analysis. 

Holmberg et al. (1997) calculated the 
rates of death from breast cancer in a 
cohort of women who, in 1959, were 
asked: "Many doctors recommend that 
women examine their breasts monthly. 
Do you do so?" A "Yes" answer presum-
ably indicated that the woman practised 
breast self-examination monthly, and a 
"No" answer indicated she they did so 
less frequently or not at all. After a 13-
year follow-up period, no association was 
found between breast cancer mortality 
and the answer to this question. The 
major strengths of this study are its large 
size, long follow-up, strong statistical 
power and control of multiple possible 
confounders. However, the absence of 
detailed information on the frequency or 
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manner of breast self-examination prac-
tice by the women in the study reduces 
the usefulness of the negative findings, 
since many of the women who reported 
practising self-examination may not have 
done so adequately. 

Two case—control studies nested 
within randomized trials, which did not 
rely on self-reported breast self-exami-
nation practice, provide additional 
evidence for a beneficial effect of this 
practice. 

Locker et al. (1989b) performed a 
case—control analysis of data for women 
invited to enrol in the Trial of Early 
Detection of Breast Cancer in 
Nottingham. Death from from breast can-
cer more than 3 months after invitation 
was recorded for 68 of 180 women 
(38%) who had attended the breast self-
examination instruction class and 258 
(43%) of 603 age-matched control 
women at the Nottingham centre, for an 
estimated relative risk of 0.70 
(0.50-0.97). The comparable relative 
risk estimates in pre- and post-
menopausal women were 0.85 (0.45-1.6) 
and 0.66 (0.45-0.97), respectively. 
These estimates were not controlled for 
factors other than age and might be con-
founded by other risk factors for breast 
cancer that were also associated with a 
decision to attend the breast self-exami-
nation instruction class. 

Harvey, B.J. etal. (1997) conducted a 
case—control study nested in the 
Canadian National Breast Screening 
Study on the basis of answers to ques-
tions on the frequency of breast self-
examination before enrollment and 
during the trial and the results of annual 
assessments of breast self-examination 
proficiency. Thus, 220 women with fatal 
or mestastatic disease and 2200 age-
matched controls were selected from 
those enrolled in the trial. Comparison of 
women who had practised breast self-
examination before enrollment with 
those who had not gave a relative risk for 
fatal or advanced breast cancer of 1.27 
(95% Cl, 0.96-1.68). The relative risks  

decreased with increasing frequency of 
breast self-examination practice prior to 
enrollment. The relative risk for 
advanced and fatal disease also 
increased slightly with decreasing fre-
quency of breast self-examination during 
the trial, but none of the estimates or 
trends was statistically significant. A sig-
nificant decrease in relative risk was 
found with increasing proficiency of 
breast self-examination, as observed in 
clinics by trained examiners 2 years 
before diagnosis of the cases. The level 
of proficiency was defined by exclusion 
of visual inspection, use of finger pads 
and systematic search, three key ele-
ments of proper self-examination. 
Similar but weaker trends in risk were 
observed in relation to level of 
proficiency 1 and 3 years before diagno-
sis, but none of the 95% confidence I 
imits excluded 1.0. The relative risk esti-
mates were not confounded by family 
history of breast cancer, age at menar-
che or menopause, education or 
occupation. 

Case—control studies 
The results of two additional case—con-
trol studies were also available. 

Muscat and Huncharek (1991) com-
pared 435 women in Connecticut, USA, 
with regional or distant breast cancer at 
diagnosis with 887 control women 
selected by random-digit dialling. Breast 
self-examination at least once a month 
was reported by 27% of the patients and 
20% of the controls. After control for a 
family history of breast cancer, age at 
birth of first child, race and frequency of 
mammograms, a relative risk of 1.3 
(95% Cl, 0.77-2.1) was estimated, but it 
is not clear from the report whether this 
estimate was for women who practised 
breast self-examination monthly or also 
less frequently. 

Newcomb et al. (1991) compared 
self-reported breast self-examination 
practice by 209 members of a prepaid 
health plan who developed late-stage 
(TNM Ill or IV) breast cancer during a  

defined period and 433 age-matched 
controls selected randomly from mem-
bers of the same plan. The relative risk 
for advanced disease in women who had 
ever practised breast self-examination 
was 1.15 (95% Cl, 0.73-1.81), and, 
unexpectedly, the relative risk increased 
with frequency of self-examination. 

Both of these studies relied on self-
reported practice, and the frequency 
reported by the women might have been 
inflated by reports of self-palpation in 
response to symptoms of breast cancer. 
The finding in the study of Newcomb et 
al. (1991), that the relative risks 
decreased with increasing proficiency in 
breast self-examination, suggests that 
women who regularly practised the 
technique according to rigorous 
standards may have accrued some 
benefit. These estimates were controlled 
for age and frequency of clinical breast 
examination. Other risk factors for breast 
cancer were considered as possible con-
founders but found not to alter the esti-
mates. 

The results of these two case—control 
studies thus provide some additional evi-
dence that breast self-examination may 
reduce the risk for fatal or advanced 
breast cancer if practised with a high 
degree of proficiency. 

Studies of survival 
If breast self-examination is effective in 
preventing deaths from breast cancer, 
follow-up studies of women with breast 
cancer should show that those who 
examined their breasts lived longer than 
those who did not. In addition, the 
observed differences in survival should 
be sufficiently large that they cannot 
reasonably be attributed to enhanced 
lead time or length bias sampling. Table 
38 summarizes the results of five studies 
in which the survival after diagnosis of 
women who either practised or received 
instruction in breast self-examination 
was compared with that of women who 
did not. In the first three studies shown, 
the observed difference in survival was 
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Reference 	 Years of 
follow-up 

Foster & Costanza 
(1984) (USA) 

Huguley et al. 
(1988) (USA) 

Locker et al. (1 989a,b) 	6 
(United Kingdom) 

Le Geyte et al. (1992) 	6 
(United Kingdom) 	6 

Auvinen et al. (1996) 	5 
(Finland) 	 5 

a Estimated from graph 
b Differences not statistically significant 

Definition of Practised BSE No. of cases 
BSE practice 

History of BSE Yes 424 
practice No 411 

History of BSE Yes 1400 
practice No 683 

Accepted invitation to Yes 372 
attend BSE instruction No 379 

History of being taught Yes 226 
BSE No 390 

Frequency of BSE Monthly 448 

practice None 104 

Efficac y of screening 

L!L1' 1uLi..Jtr :1 

% alive at follow-up 

80 
62 

70 
51 

—610  
4a 

73 
66 

73g) 

large, and the authors of the first two 
studies estimated that a lead time of 
about 3 years would be necessary to 
explain their results completely. In the 
last two studies summarized in the table, 
the differences in survival were smaller. 
The results of the study by Le Geyte et 
al. (1992) could be explained by a lead 
time of about 18 months, and the differ-
ences in survival reported from the 
Finnish study (Auvinen et al., 1996) 
could readily have been due to chance. 
In another study (Senie et al., 1994), 
conducted in New York City, USA, sur-
vival was not associated with the fre-
quency of breast self-examination, but 
no details were provided. 

Three studies addressed the survival 
of women who detected their breast can-
cer while practising breast self-examina-
tion in comparison with that of women 
whose neoplasm was detected by other 
means (Kuroishi et al., 1992; McPherson 
et al., 1997; Koibuchi et al., 1998). 
Although all three studies showed a 
slight survival advantage in women who 
found their tumour while practising 
breast self-examination, the differences 
in the first two studies were small and not 
statistically significant; in the third study,  

the difference could presumably be 
attributed to greater lead time. 

The results of most of the studies of 
survival were inconsistent with a benefi-
cial effect of breast self-examination on 
survival from breast cancer, and there 
are alternative explanations for most of 
the findings. These studies therefore do 
not provide strong evidence for the 
efficacy of breast self-examination in 
reducing deaths from breast cancer. 

Studies of extent of disease at 
diagnosis 
Many studies have been conducted to 
determine whether the practice of breast 
self-examination is associated with 
breast cancers that are smaller or at less 
advanced stage at the time of diagnosis 
than expected in the absence of self-
examination. Table 39 summarizes the 
results of studies in which the stage of 
breast cancer at diagnosis in women 
who found their tumour while practising 
breast self-examination was compared 
with the stage of diagnosis in women 
whose tumour came to their attention by 
means other than screening. In all the 
studies except one, the proportion of 
women whose tumour was diagnosed 

when it was confined to the breast was 
slightly higher among those who found 
their tumour while practising self-exami-
nation than among those who did not. 
None of the comparison groups 
intentionally included women screened 
by mammography. 

Tumour size at diagnosis was 
reported in five of the studies shown in 
Table 39, and in each the tumours 
detected by breast self-examination 
were slightly smaller than those in the 
comparison group. Smith et al. (1980) 
found that 23% of 57 tumours detected 
by self-examination and 22% of 35 
tumours detected by accident were < 2 
cm in diameter; in a second study, Smith 
and Burns (1985) found that 21% of 125 
tumours detected by self-examination 
and 19% of 92 tumours detected inci-
dentally were <2 cm in diameter. In addi-
tion, the mean diameters of tumours 
detected by self-examination and in 
comparison groups of cases were 2.2 
and 2.5 cm (Owen et al., 1985), 2.8 and 
2.9 cm (McPherson et al., 1997) and 2.2 
and 2.5 cm, respectively (Koibuchi et al., 
1998). 

Tumour size and stage at diagnosis 
were compared in women who reported 
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Reference Defintion of early Method of detection Definition of 
(country) stage comparison group 

Breast self-examination Comparison group 

Total no. % at early Total no. % at early 
of cases stage of cases stage 

Greenwald et al. TNM clinical stage I 53 38 178 27 Accidental 
(1978) (USA) 

Smith et al. In situ or localized to 107 59 57 58 Not BSE or CBE 
(1980) (USA) breast 

Gould-Martin et al. Localized to breast 60 48 169 59 Accidental 
(1982) (USA) 

Philip et al. (1984) TNM NO 35 83 109 66 Not BSE 
(United Kingdom) 

Owen et al. (1985) In situ plus localized 189 58 1218 52 Causal discovery 
(USA) 

Smith & Burns (1985) In situ plus localized 185 60 134 50 Not BSE 
(USA) 

Kuroishi et al. (1992) TNM Tis or I 355 37 1327 29 Chance 
(Japan) 

Auvinen et al. (1966) Localized 34 59 518 56 Not BSE 
(Finland) 

McPherson et a/. Localized 200 56 364 53 Incidental 
(1997) (USA) 

Koibuchi et al. (1998) TNM Tis or O or 1 	68 	47 	 178 	44 	 Not BSE 
(Japan) 

CBE, clinical breast examination 

practising breast self-examination at 	tumour size at diagnosis to be inversely 	Huddersfield, England (Philip et al., 
different frequencies. As shown in Table 	associated with the frequency of breast 	1984), who developed breast cancer 
40, eight of ten studies showed that a self-examination (Table 41). However, 	during the next 3 years, 45% of those 
higher percentage of women who Gould-Martin et al. (1982) found that the who attended the classes and 31% of 
reported practising breast self-examina- 	risk for regional disease at diagnosis was 	non-attenders had tumours that were !. 2 
tion monthly had tumours confined to the 	not lower for women who practised 	cm, but nearly equal proportions (53% of 
breast than women who did not examine breast self-examination routinely in com- 32 attenders and 54% of 70 non-atten- 
their breasts. In five of seven studies in 	parison with women screened by clinical 	ders) had no involvement of axillary 
which stage at diagnosis was reported in 	breast examination and was not lower for 	nodes, as confirmed histologically. 
women who practised breast self-exami- women who used techniques judged to 	Women who were taught breast self- 
nation, the percentage of cases with no be adequate than for women whose examination more frequently reported 
axillary node involvement was higher practice was considered not to be 	having found their tumours themselves 
among women who practised self-exam- adequate. In addition, among women than women who had not been taught 
ination monthly than in those who did so 	invited to attend classes in breast self- 	the technique (Philip et al., 1984). This is 
less than once a month. Similarly, 	examination as part of a non-randomized 	not surprising, as women who have not 
studies have fairly consistently shown 	trial of breast cancer screening in 	received instruction in breast self-exami- 
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Table 411,. stage ot breast cancer 

Reference (country) 

at allagnosis in relation 

Definition of 
early stage 

Never 

Total no. 
of cases 

to sen-reponeCl Trecl 

Frequency of breast self-examination 

<1/month 	 1/month 

%early 	Total no. % early 	Total no. 
stage 	of cases stage 	of cases 

% early 
stage 

Feldman et al. (1981) TNM stage O or I 588e 40 221 54 187 53 
(USA) 

Tam burini et al. (198 1) (Italy) Axillary nodes not involved 330 49 170b 59 - 

Hislop et al. (1984) (Canada) No palpable lymph nodes 104 78 264 85 36 86 

Foster & Costanza (1984) Axillary nodes not involved 292 15 192 29 177 37 
(USA) 

Mant et al. (1987) No report of involved nodes 294 54 82 64 144 68 
(United Kingdom) 

Ogawa et al. (1987) (Japan) TNM NO 60 82 60 80 30 87 

GIVIO (1991) (Italy) TNM NO 1307 52 480 53 329 56 

Gastrin et al. (1994) (Finland) Localized 1679 52 - - 432 52C 

Auvinen et al. (1996) (Finland) Localized 104 54 202 57 246 57 

Koibuchi et al. (1998) (Japan) Axillary nodes not involved 167 62 - - 64d 63 

a Rarely or never practised breast self-examination 
b Includes 56 women who practised breast self-examination monthly 
c Includes an unknown number of women who practised breast self-examination less than monthly 
b Monthly or every 2 months 

nation may not even know what it is. 
However, it is of relevance for assessing 
the efficacy of this technique to 
determine whether women who practise 
it regularly and competently are more 
likely to find their breast tumours them-
selves than women who have received 
instruction but practise it less diligently. 
Results from three studies suggest that 
this is so. Gould-Martin et al. (1982) 
found that 7 (44%) of 16 women who 
practised breast self-examination regu-
larly and adequately found their tumours, 
compared with 4 (29%) of 14 women 
who were judged to practise the exami-
nation less competently. Hislop et al. 

(1984) reported that 92% of 36 women in 
whom breast cancer was diagnosed 

when they were currently practising 
breast self-examination with techniques 
considered to be proper found their 
tumours, in comparison with 87% of 264 
women who were currently practising 
breast self-examination but using 
improper techniques. Ogawa et al. 

(1987) observed that 70% of 21 women 
who had been practising breast self-
examination monthly detected their 
tumours compared with 40% of 24 
women who did so less frequently. 

Most of the evidence from clinical and 
epidemiological 	studies 	therefore 
suggests that women who regularly and 
competently practise breast self-
examination are more likely to detect 
their breast tumours themselves and to 

have tumours diagnosed when smaller 
and at a less advanced stage than 
women who do not practise breast self-
examination. 

Efficacy of screening women 
at high risk 

Women who are at high risk for breast 
cancer might benefit more from breast 
screening programmes than women at 
average risk. Although there are many 
proposed risk factors for breast cancer, 
only a few clearly define groups of 
women who are at high risk. Foremost 
are women with a family history of breast 
cancer and those who are found by 
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Reference (country) Frequency of breast self-examination 

Never <1/month 1/month 

TotT < 2 cm Total no. % < 2 cm Total no. % <2 cm 

cases cases cases 

Feldman et al. (1981) (USA) 223e 39 140b  56 - - 

Tamburini et al. (1981) (Italy) 330 21 170G 37 - - 

Hislop et al. (1984) (Canada) 98 14 254 13 34 21 

Foster & Costanza (1984) (USA) 352 6.5 197 18 169 30 

Mant et al. (1987) (United Kingdom) 294 33 82 44 144 45 

Ogawa et al. (1987) (Japan) 60 15 60 23 30 33 

GIVIO (1991) (Italy) 1307 43 480 48 329 52 

Koibuchi et a/. (1998)d  (Japan) 178 44 - - 68e 47 

G  Rarely or never practised breast self-examination 
b Monthly plus several times yearly 
c Includes 56 women who practised breast self-examination monthly 
dTis + TO + Ti in TNM classification 
e Monthly or every 2 months 

genetic testing to be carriers of deleteri- 	al., 1989). There is emerging evidence 
ous mutations in the BRCA1 or BRCA2 that certain biomarkers, such as serum 
gene. In the latter, the lifetime risk may 	concentrations of insulin-like growth fac- 
exceed 80% (Ford etal., 1998). Women 	tor-1 (Hankinson etal., 1998a) or estra- 
with a history of atypical hyperplasia, 	diol (Hankinson etal., 1998b), the pres- 
DCIS or LCIS are also at elevated risk. 	ence of proliferative cells in a nipple aspi- 
Several models have been developed for rate (Wrensch et al., 2001) and breast 
estimating individual breast cancer risk 	density (Boyd et al., 1998) can be used 
which combine family history with other 	to define high-risk groups, but it has not 
risk factors, such as a history of benign yet been proposed that these women are 
breast disease and reproductive history. 	candidates for greater surveillance. Also, 
Women with a history of invasive breast the majority of breast cancers occur 
cancer are also at high risk for a second among women without greater mammo-
cancer. A small group of women are at graphic density (Tabár & Dean, 1982) or 
high risk for breast cancer because of a 	who belong to other high-risk groups, 
history of therapeutic radiation, in partic- 	and it would be inappropriate to exclude 
ular, young women who have been them from screening programmes. 
treated for Hodgkin disease (Bhatia et 	The relative risks and benefits of 
al., 1996) and also those who have 	mammography may be different for dif- 
undergone thymic irradiation (Hildreth et 	ferent groups of women within a popula- 
al., 1989) or chest fluoroscopy (Miller et 	tion. For example, the risk—benefit ratio 

may be favourable for women at high 
risk. As breast cancer is more prevalent 
in high-risk groups, this will affect the 
positive predictive value of the test used 
and the cost—benefit ratio. Conversely, 
women at high risk might benefit less 
from mammography than women at 
average risk. This would be the case if 
carriers of deleterious mutations were 
particularly radiosensitive or if the natural 
history of hereditary breast cancer were 
accelerated by radiation. It is therefore 
important to assess the efficacy of 
screening mammography for women at 
different levels of risk and with different 
risk profiles. It is also possible that the 
distribution of factors related to 
detectability by mammography might be 
different for women at high risk than for 
women at average risk. Such factors 
may include age and mammographic 
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density. Hereditary breast cancers typi-
cally occur in young women, and 
tumours in women under 50 are more 
likely to be missed by mammography 
than tumours in women over the age of 
50 (Ma et aI., 1992). To some extent, this 
reduction in sensitivity may be due to 
higher mammographic density, which is 
an established risk factor for breast 
cancer (Boyd et al., 1998) and correlates 
with other known risk factors, such as 
parity and oophorectomy. Because den-
sity can obscure cancer, screening mam-
mography is less sensitive in women 
with mammographically dense breasts 
than in women with mammographically 
lucent breasts (Mandelson et al., 2000). 
Therefore, mammographic screening will 
be more difficult for a risk group with 
breasts of a greater than average mam-
mographic density. To some extent, 
mammographic density is a heritable 
trait (Pankow et al., 1997), but there is lit-
tle evidence that mammographic density 
is greater among women at high genetic 
risk for breast cancer. 

Radiation sensitivity 
It has been proposed that the benefits of 
screening mammography might be offset 
in predisposed women by their 
enhanced sensitivity to the carcinogenic 
effects of radiation. Radiation is an 
established risk factor for breast cancer 
(see Chapter 5). The groups at risk 
include women with previous therapeutic 
exposure (Hildreth et al., 1989; Miller et 
al., 1989; Bhatia et aI., 1996) and sur-
vivors of the atomic bombs (Tokunaga et 
al., 1994). In a recent analysis of women 
who were exposed to the atomic bomb 
blasts, their risks for breast cancer were 
estimated separately for those exposed 
before and after the age of 35. The rela-
tive risk was much greater for the women 
who were younger at the time of expo-
sure (Tokunaga et aI., 1994). Because of 
the strong association between age at 
onset and hereditary breast cancer, the 
authors suggested that radiation-induced 
breast cancer might be a form of heredi- 

tary breast cancer or, alternatively, that, 
among women with hereditary predispo-
sition, radiation may be an important co-
factor. 

Several of the genes that have been 
implicated in susceptibility to breast can-
cer are involved in DNA repair, including 
BRCA1 and BRCA2 and the gene for 
ataxia telangiectasia (ATM). Both 
BRCA1 and BRCA2 participate in DNA 
repair through homologous recombina-
tion (Hoeijmakers, 2001). This mecha-
nism is responsible for repair of double-
strand breaks, which are typical of the 
damage induced by ionizing radiation. 
Concern has been expressed that 
women who carry a single mutant copy 
of the ATM gene are at increased risk for 
breast cancer and may be sensitive to 
the carcinogenic effects of ionizing radia-
tion. Several recent studies support the 
hypothesis that heterozygous carriers of 
certain ATM mutations are at increased 
risk for breast cancer (Angèle & Hall, 
2000; Dork et ai., 2001; Geoffroy-Perez 
et ai., 2001; Olsen et ai., 2001; 
Chenevix-Trench et ai., 2002). No epi-
demiological studies have been con-
ducted to evaluate whether mammogra-
phy (or other forms of ionizing radiation) 
poses a hazard to carriers of either ATM 
or BRCA1 or BRCA2 mutations. 

Tumour factors 
Certain characteristics of the tumours 
typically found in high-risk women might 
complicate screening them. These char-
acteristics include the growth rate or 
metastatic potential of the tumours 
(which reduces the preclinical latent 
period or sojourn period) and mammo-
graphic appearance (which reduces the 
sensitivity of screening). Fast-growing 
cancers are more likely to present as 
interval cancers than are slowly growing 
tumours. The histological features of a 
breast cancer may also be associated 
with 	mammographic 	detectability. 
Tumours with lobular or mucinous tissue 
are less likely to be detected by mam-
mography than are ductal carcinomas 

(Ma et ai., 1992; Narod & Dubé, 2001). 
In contrast, tumours with tubular features 
or with extensive in situ components are 
particularly likely to be identified at 
screening (Ma et ai., 1992). Other fea-
tures related to detectability on screen-
ing include low grade and the presence 
of estrogen receptors (ER). Although 
there is no consistent characteristic of 
hereditary breast cancer, several fea-
tures are commonly seen. The majority 
of breast cancers in carriers of BRCA1 
mutations are high-grade ductal carcino-
mas, are ER-negative and have a high 
proliferative index (Lakhani et al., 1998). 
Carriers of BRCA1 mutations also show 
less DCIS in relationship to the invasive 
tumour (Breast Cancer Linkage Consor-
tium, 1997), but the rate of DCIS in 
BRCA2 carriers is similar to that of con-
trols. The young age of the patients and 
the typical histological features can con-
tribute to the difficulty of using mammog-
raphy to detect hereditary breast cancer. 

Women can be considered to be at 
increased risk for breast cancer on the 
basis of a family history, the results of a 
genetic test or both. In general, women 
at risk of familial cancer fall into one of 
three groups: those with a documented 
deleterious mutation in BRCA1 or 
BRCA2; those with a strong family his-
tory of breast cancer and a history of 
breast cancer; and those with a strong 
family history of breast cancer but no 
personal history of breast cancer. The 
lifetime risk of women in the third group 
is much lower than that of the first two 
groups, because, even if a susceptibility 
gene is present in the family, the chance 
that a healthy relative will have inherited 
the predisposing mutation is less than 
50%. In contrast, almost all affected 
women in the family will be carriers. 
Screening programmes for high-risk 
women may include any or all of the 
groups listed above. 

Family history 
A family history of breast cancer is a con-
sistent risk factor for the disease. In a 
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large meta-analysis, the cumulative risk 
for breast cancer up to the age of 80 was 
7.8% for women with no affected first-
degree relative, 13% for women with one 
affected first-degree relative and 21% for 
women with two affected first-degree 
relatives (Collaborative Group on 
Hormonal Factors in Breast Cancer, 
2001). The risk also depends on the age 
at diagnosis of the cancer. One factor in 
favour of screening high-risk populations 
is that the prevalence of breast cancer is 
greater than expected among women 
with a family history of breast cancer. In 
a screening study in San Francisco, USA 
(Kerlikowske et al., 1993), a family 
history of cancer was strongly related to 
both the prevalence of breast cancer and 
the positive predictive value of the test. 
In the age group 50-59, the positive pre-
dictive value of mammography was 0.22 
for those with a positive family history 
and 0.09 for those with a negative family 
history. In the age group 40-49, the pos-
itive predictive value was 0.13 for those 
with a positive family history and 0.04 for 
those with a negative family history. 

Many centres have now developed 
screening programmes for high-risk 
women. Lalloo et al. (1998) screened 
1259 women under the age of 50 who 
had a family history of breast cancer. 
Twelve invasive cancers were detected, 
with 8.45 expected (relative risk, 1.42). 
Kollias and colleagues (1998) followed a 
high-risk cohort of 1371 women under 
the age of 50 for a mean of 22 months 
and detected 23 invasive and six in situ 
cancers. They estimated this rate to be 
five times higher than expected. 

BRCA1 and BRCA2 
Only a small proportion of women with a 
family history of breast cancer carry a 
mutation in one of the breast cancer 
genes. Among women with a BRCA1 or 
BRCA2 mutation, the risk for breast can-
cer is estimated to be approximately 
80% up to the age of 70 (Ford et al., 
1998; Figure 30). In general, in the pres-
ence of a mutation, the estimated cancer 

risk is due to the mutation alone, i.e. it is 
not established that the family history 
adds additional predictive power. 
However, both genetic and non-genetic 
factors have been shown to modify the 
risk for breast cancer in carriers of BRCA 
mutations (Narod, 2002). Several 
studies are consistent in reporting the 
poor performance of mammography as a 
screening tool for BRCA carriers. Goffin 
et al. (2001) reviewed the mammo-
graphy records of 161 Ashkenazi Jewish 
women with breast cancer and classified 
them according to mutation status. 
Tumours < 2 cm in diameter were less 
likely to be detected by mammography 
among carriers than non-carriers (46% 
versus 89%; p  <0.001). In a small study 
in Asia, four of nine BRCA1-associated 
breast tumours were not mammographi-
cally visible, despite an average tumour 
size of 4.1 cm (Chang et al., 1999). In 
this study, the mammographic density of 
the BRCA1 carriers was reported to be 
higher than that of non-carrier controls. 

In a prospective screening study, 
Brekelmans et aI. (2001) found four  

cases of DCIS and 31 cases of invasive 
breast cancer in 1198 women with a high 
familial risk for breast cancer. Nine 
interval cancers occurred between 8 
weeks and 10 months after the last 
negative screen. The detection rates 
were 33 per 1000 per year in the BRCA 
mutation carriers, 8.4 per 1000 per year 
in the high-risk familial group and 3.3 per 
1000 per year in the moderate-risk 
group. Of the 29 tumours of known size, 
10 were < 1 cm, eight were 1-1.5 cm 
and 11 were >1.5cm. Eleven (35%) had 
node involvement, and five of nine of the 
cancers in mutation carriers had node 
involvement at diagnosis. Four of nine 
cancers detected in BRCA1 carriers 
were interval cancers. This study clearly 
demonstrates the high risk associated 
with a BRCA mutation but presents little 
evidence to support the benefit of 
mammographic screening. A large pro-
portion of the cancers among carriers 
were missed by mammography, and 
many women had involved lymph nodes 
at diagnosis. 
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Scheuer et al. (2002) followed 165 
women with BRCA mutations for a mean 
of 25 months and diagnosed nine 
incident, invasive, primary breast 
cancers. Three of these were detected 
by mammography, and six were detected 
in the interval between mammograms: 
five by self-examination and one by 
clinical examination. The women with 
interval cancers were younger than 
those with screen-detected cancers (41 
years versus 57 years; p = 0.05). 

Magnetic resonance imaging 
Because of the limitations of screening 
mammography (illustrated in the study of 
Brekelmans et a/., 2001), there has been 
much interest in evaluating more 
sensitive techniques of detecting breast 
cancer, including magnetic resonance 
imaging (MRI). MAI has been compared 
with mammography in screening of high-
risk women in four studies. In none were 

mortality rates compared, and in none 
were women assigned to screening at 
random, but all four studies found MAI to 
be more sensitive than mammography. 
Kuhl et al. (2000) screened 192 asymp-
tomatic high-risk women with MRI and 
found invasive or in situ cancers in six 
women at the first screening round 
(3.1%) and in three of 101 women 
(3.0%) at the second round. Of the nine 
MRI-detected cancers, only three were 
apparent on mammography. In a similar 
study, Warner et aI. (2001) compared 
mammography with MRI in 196 high-risk 
women in Ontario, Canada. Six invasive 
breast cancers were diagnosed; all were 
identified by MRI, but only two were 
identified by mammography. All the can-
cers were in women with either a BRCA 
mutation or a history of breast cancer. 
The six invasive cancers showed no 
node involvement, and each was < 1 cm 
in diameter. In this study, the specificity 

of MRI examination was lower than that 
of other screening modalities. Meijers-
Heijboer etal. (2001) followed a cohort of 
63 women with BRCA mutations for a 
mean of 3 years, the women being 
screened annually with MRI, mammog-
raphy or both. Eight incident cases of 
breast cancer were identified in the 
cohort. Examination by MAI allowed 
detection of six of eight breast cancers, 
but mammography allowed detection of 
only two of eight breast cancers. In a 
study 	from 	The 	Netherlands, 
Stoudjesdijk et al. (2001) studied a 
cohort of 179 women at high risk for 
breast cancer and also found that the 
sensitivity of MRI was significantly 
greater than that of mammography. Each 
of these studies was small, but, taken 
together, they provide evidence that the 
sensitivity of MAI is superior to that of 
mammography in screening women at 
high hereditary risk. 
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