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Executive Summary

In the autumn of 2001, the Cochrane Library and The Lancet published the results of a
systematic review of randomised trials for early detection of breast cancer by
mammography. The reviewers claimed that there was no reliable evidence to support
the survival benefit of mammography screening. This has led to many discussions
—both in scientific literature and in the lay press. The Dutch Minister of Health,
Welfare and Sport requested from the President of the Health Council a rapid answer
to the question of whether the outcome of the study, a so-called Cochrane review,
nullifies the scientific basis of the current screening programme.

Service screening was gradually introduced, beginning in 1990. In 1999, the most
recent year for which reports have been published, 744,000 women aged 50 – 75 years
accepted the invitation to screening (78 per cent of those women invited). In 1996,
when the screening programme had not yet covered the entire country, there were
(according to the Dutch Cancer Registry) 4,400 women between the ages of 50 and 70
who were diagnosed with breast cancer. For half of these women the diagnosis was the
result of screening. In 20 per cent of the cases this involved so-called interval cancer
(breast cancer diagnosed in the time interval of two years between two successive
screenings) and in almost 30 per cent of the cases it involved women who had never
been screened. The President of the Health Council set up a committee that has
compiled the present advisory report. As part of its work, the committee held a hearing
that was attended by experts either involved in or opposed to screening, and
re-examined the original studies.

9 Executive Summary



The Cochrane review touches upon an important question: is breast-cancer
mortality a valid endpoint for determining the efficacy of breast-cancer screening?
This question is related to the ongoing debate on the design, analysis and
methodological pitfalls of randomised trials of screening for (breast) cancer.

The Cochrane review is a systematic review (meta-analysis) of the results of published
studies (randomised clinical trials or RCTs) into the benefit of population screening for
breast cancer. The authors, two scientific staff members at the Nordic Cochrane
Centre in Copenhagen, consider breast-cancer mortality to be an unreliable outcome.
Of the seven eligible RCTs, they found that two were flawed; they were left out of
consideration completely. Three of the RCTs were rated as having poor-quality data
and the remaining two were rated as having medium-quality data.

The two RCTs of medium quality failed to find a statistically significant reduction in
breast-cancer mortality in women who were offered screening. If the data from these
two RCTs are combined with those from the RCTs for which the authors gave a
quality rating of poor, then the results do, indeed, provide a statistically significant
reduction. However, the authors consider breast-cancer mortality to be an unreliable
outcome, biased in favour of screening.

On that basis, and assessed by overall (all-cause) mortality among the participants
of the two medium-quality trials, they concluded that population screening has no
survival benefit.

Furthermore, according to the version of the Cochrane review published by The
Lancet, screening leads to increased use of aggressive treatment.

The committee endorses the quality criteria for the assessment of the eligible RCTs,
but finds that they are inadequately specified and inconsistently applied. As a result,
five of seven RCTs are left (completely or partially) outside the analysis and the trial
results are weighted differently. Rather than keeping trials out of the analysis, the
committee holds that it is better to use another method (sensitivity analysis) to
investigate the effect of including or excluding data of lesser quality.

The committee agrees with the Danish scientists that the RCTs examined can be
criticized in some respects, particularly in terms of randomisation. But, except for one
trial, these shortcomings are not of a nature that renders unusable the published data.
The committee does not find the reviewers’ arguments convincing for scoring four of
the RCTs much lower on methodological grounds than the two ‘medium-quality’ trials.

The committee considers as too extreme the conclusion that breast-cancer
mortality is an unreliable outcome, biased in favour of screening. The Cochrane review
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does indeed provide indications for possible sources of bias, but the authors do not
provide evidence of important bias in favour of screening.

The committee does not agree with the conclusion that breast-cancer mortality as
the primary endpoint must be replaced by overall mortality. They do, indeed, find that
the use of breast-cancer mortality as the only outcome may cause one to overlook
important harms (or benefits) of screening because of misclassification bias.
Therefore, total cancer mortality, other important causes of death, and overall mortality
must also be taken into consideration when interpreting the results of (breast-) cancer
screening trials.

If screening has a beneficial effect on breast-cancer mortality, it should also be
expected to have a (much smaller) beneficial effect on total cancer mortality and an
(even smaller) effect on overall mortality. The reviewed RCTs were underpowered for
detecting these small effects. Therefore, the requirement should not be that the small
differences in question are statistically significant, but that they point in the right
direction.

If data from all eligible trials (excluding Edinburgh) are taken into account for
women older than 50 years, the relative risk for breast-cancer mortality is 0.72 (0.61 –
0.85) after 7 years, and 0.76 (0.67 – 0.85) after 13 years. In the same way, the relative
risk for overall mortality is 0.97 (0.93 – 1.00) after 7 years, and 0.99 (0.97 – 1.02) after
13 years. The Cochrane review does not report the relative risk for total cancer
mortality among women older than 50 years seperately from that among younger
women.

That the RCTs showed no clear reduction in total cancer mortality (all women >
40 years) may be explained by the fact that breast-cancer mortality made up a small
proportion of total cancer mortality (11 per cent in the Swedish RCTs). That is much
lower than among women of the same age in the general population (24 percent in the
Netherlands). This difference arises because women who were diagnosed with breast
cancer before randomisation are, rightly, subsequently excluded from analysis because
they cannot benefit from screening.

The committee is aware that screening causes an increase in the number of diagnostic
procedures. Screening can also lead to treatment among women who would never have
known about their breast cancer if it were not for screening, because they would have
died from something else before the disease became clinically manifest.

The Cochrane review also draws attention to the possibility of a
screening-associated increase in mortality. The authors predict that overall,
radiotherapy is harmful for women at low risk of local recurrence, such as those
identified by screening. As shown in RCTs carried out before 1975, radiotherapy after
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mastectomy results in an excess of cardiovascular deaths. However, this risk is likely
to be much lower with modern radiotherapy techniques. No vascular morbidity and
mortality have been seen in the medium term (median observation period 10 years)
with these techniques.

Screening detects smaller tumours which have not so often spread to the lymph
glands. This change in stage distribution means that it is increasingly possible to use
less mutilating surgery for these women. Furthermore, they will not as often need
adjuvant therapy and regional radiation is less frequently used. The safety and
effectiveness of radiotherapy and adjuvant therapy following breast surgery should be
monitored (also in the long term) by research and periodic meta-analyses.

The committee finds it of crucial importance that well-balanced, honest advice be
provided to the women involved regarding the risks and benefits of population
screening. They urge the Ministry of Health, Welfare and Sport and the Health Care
Insurance Board’s National Coordinating committee for Population Studies to give the
necessary attention to this.

The committee sees no scientific basis, in the light of the Cochrane review, to conclude
that population screening for breast cancer for women over the age of 50 has no
survival benefit. However, it does not rule out the possibility that new evaluations
might show that the effect of screening on breast-cancer mortality is lower than was
expected in 1990.

The committee therefore instructs that research should be conducted into the
causes of declining breast-cancer mortality in the Netherlands. This study, which is
already being prepared, will link at the individual level cause-of-death records with
screening records and data on treatment. A solution must quickly be found to the
problem that women who do not take part in screening cannot give consent to cancer
registration, which would provide relevant data for this research.

The Cochrane Breast Cancer Group and the editor of The Lancet have argued for a
full, independent systematic review based on individual patient data (IPD). This
so-called IPD meta-analysis should also include updated outcome data, and should be
revised on a regular basis in the light of new data. The committee supports this
recommendation.

It is advised that a broadly diverse committee from the Health Council provides
advice (in due time, when adequate new data are available) about the balance of risks
and benefits of population screening for breast cancer. Updating of an advisory report
presented by the Council in 1987 is in any case opportune, because improvements
made since then in therapy, early diagnosis, and screening mammography all play roles
in decreasing mortality from breast cancer.
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1Chapter

Introduction

Early in 2002, the Minister of Health, Welfare and Sport asked the President of the
Health Council to urgently prepare a report on the scientific basis for breast cancer
screening. The minister’s request was prompted by the findings of a Cochrane review:
a systematic review (meta-analysis) of randomised controlled trials (RCTs) of
screening mammography run in various countries since 1963.

The Cochrane review, undertaken by two members of staff at the Nordic Cochrane
Centre in Copenhagen, failed to find a decrease in overall mortality and breast-cancer
mortality. Indeed, the reviewers claimed to have shown that population screening
actually leads to increased use of aggressive treatment. These findings were published
in two articles that appeared in The Lancet in January 2000 and October 2001 and in
full on The Lancet’s website (www.thelancet.com)(Göt00, Ols01, Ols01a). A modified
version of the report was published by the Cochrane Library (Ols01b). In the latter
publication – the official Cochrane review, although it does not represent an official
Cochrane view of the usefulness of screening mammography (CBCG02) – the
conclusion that screening led to more aggressive treatment was not included in the
summary of the review’s main results. Furthermore, by request of the editors of the
Cochrane Breast Cancer Group it was added in the summary that if data of all eligible
RCTs (excluding those conducted in New York and Edinburgh) are considered then
the relative risk for breast-cancer mortality after 13 years is 0.80 (0.71-0.89) for
women aged over 40. These text differences highlight the fact that there are differences
of opinion as to how meta-analyses should be carried out and how the results should be
interpreted. At another point, the summary stated that the evidence linking screening to
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reduced breast-cancer mortality was inconclusive. This assertion was justified by the
claim that breast-cancer mortality is an unreliable outcome.

The Cochrane Collaboration is an international non-profit organization that
prepares, maintains and disseminates systematic reviews of the effects of health
technologies. These activities are coordinated by fourteen Cochrane Centres, located
around the world. Both the protocols for planned reviews and the finished reviews
themselves are assessed by a Collaborative Review Group, in this case the Cochrane
Breast Cancer Group.

On 28 January 2002, the President of the Health Council set up a committee to
prepare a report in accordance with the minister’s request. The text of the minister’s
letter is appended to this report (Annex A). The membership of the committee that
produced this report is given in Annex B. The minister’s key question was: Do the
findings of the Cochrane review nullify the scientific basis for breast-cancer screening
for women over the age of fifty?

The next chapter of this report provides a brief summary of the history and
organization of breast-cancer screening in the Netherlands. In chapters 3 to 6,
consideration is given to the main issues addressed by the Cochrane review, namely
the methodological quality of the reviewed screening trials; the use of breast-cancer,
total cancer and overall mortality to determine the effectiveness of screening; and the
adverse effects of screening, such as overtreatment. In each case, first the Cochrane
authors’ comments are summarized, then the committee’s assessment of these
comments is presented. Particular attention is paid to the research involving women
over the age of fifty, since the findings of such research underpin decision-making with
regard to breast-cancer screening and its organization in the Netherlands. Chapter 7 is
devoted to the results of observational (non-experimental) studies. The committee’s
response to the minister’s enquiry is given in the final chapter.
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2Chapter

Breast-cancer screening in the
Netherlands

In late 1974 and early 1975, observational studies on mammographic screening were
started in Utrecht and Nijmegen. These studies were prompted by the encouraging
early results of an American study involving women covered by the Health Insurance
Plan of Greater New York. Started in 1963, the HIP trial, as it was known, was the first
randomised controlled trial (RCT) designed to examine the efficacy of screening for
(breast) cancer. The non-randomised projects in Utrecht and Nijmegen were evaluated
as case-control studies (Col84, Col92, Ver84).

In line with recommendations made by the Health Council and the then National
Council for Public Health (now the Council for Public Health & Care), the State
Secretary for Public Health took the first steps towards establishing a national
breast-cancer screeningprogramme in 1987 (GR87). The Health Insurance Funds
Council (now the Health Care Insurance Board) was asked to finance and provide
national coordination for the programme.

A national reference centre (the LRCB) was set up in Nijmegen, whose
responsibilities included training radiographers, radiologists and pathologists, and
monitoring the physical and technical quality of the mammographic screening. The
professional associations agreed that targeted training and continuing education are a
necessary precondition for qualitatively acceptable screening. They also supported the
national guidelines concerning the diagnostic workup of mammographic abnormalities
and concerning quality control of the screening. These guidelines were drawn up in
1988 under the auspices of the National Organization for Quality Assurance in
Hospitals (now the Dutch Institute for Health Care Improvement) at the request of the
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State Secretary. Pilot projects using either a mobile screening unit or a fixed screening
unit were run in 1989.

Before a political decision was taken, a study was conducted to assess the likely
benefits and risks, the consequences for the health care system, and the financial and
staffing implications of a national screening programme. This study was carried out by
an independent group of researchers who had not been involved in the Nijmegen or
Utrecht screening projects. The conclusion was that, if women between the ages of
fifty and seventy were screened for breast cancer every other year in the context of a
national programme, the effects would on balance be positive, and that the benefits of
such a programme would justify the cost (Kon90, Maa87). On the basis of RCTs
conducted in Sweden (Kopparberg, Östergötland, Malmö), it was estimated that
screening would reduce breast-cancer mortality among women between the ages of
fifty and seventy by 33 per cent. The researchers expected that by about 2015 overall
annual breast-cancer mortality could be reduced by 16 per cent. That would mean
seven hundred fewer women dying of breast cancer each year than would otherwise
have been the case (Kon90).

The national breast-cancer screening programme was introduced gradually,
starting in 1990. In 1993, it was possible to invite a little over half the target group to
screening; by the end of 1997, all women between the ages of fifty and seventy had
been invited at least once (Kon00). From that point on, the programme was extended
to include women between the ages of seventy and seventy-five.

Screening is organized regionally. There are nine screening regions, which
coincide with the regions covered by the Comprehensive Cancer Centres. Each of
these centres cooperates with the Municipal Health Services in its region to implement
the programme. The LRCB in Nijmegen is responsible for medical and
physical-technical quality control. Evaluation of the process and effects is undertaken
by the National Breast Cancer Screening Evaluation Team (LETB), so that the
programme can be modified or even cancelled as appropriate (Maa01). The LETB
produces an annual report on the results of the screening programme (Fra00, Fra01). In
addition, the team is currently making a detailed evaluation of breast-cancer mortality
in the Netherlands to establish whether the anticipated reduction in mortality is
actually beginning to occur.

Between 1990 and 1999, 5.7 million invitations were issued and 4.5 million
examinations performed (a participation rate of 79 per cent). Suspicious abnormalities
were observed by the radiologist assessing the mammograms in 45,600 cases (10.1 per
thousand screening examinations). For 30,200 of the women involved (6.7 per
thousand), further investigation involved a biopsy or another invasive procedure for
the removal of tissue from the suspect part of the breast. In 21,500 of these cases (4.7
per thousand), breast cancer was diagnosed. In other words, more than seven in every
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ten women ‘biopsied’ were found to have cancer. Some 24,100 women in whom
abnormalities were observed were ultimately found to be clear of cancer; this equates
to 5.4 false positive screening results per thousand mammographic screening
examinations (Fra01).

The programme functions broadly as anticipated (Kon90, Maa87, Maa01). In some
respects, things have actually worked out better than expected; the 79 per cent
participation rate is well above the forecast 70 per cent, for example. There have also
been less favourable results, however, such as a higher-than-expected number of
women who were diagnosed with breast cancer within two years following a ‘negative’
screening result (i.e. in the interval between regular examinations): 0.99 per thousand
woman-years, as opposed to the forecast 0.96 per thousand. One in three participants
who contract cancer has an interval cancer. In 1996, half of all cases of breast cancer
in the Netherlands involving women between the ages of fifty and seventy were
screen-detected; just over 20 per cent had an interval cancer and nearly 30 per cent
involved women who had not previously been screened. Concerns have been expressed
regarding the communication between screening radiologists and diagnostic teams
responsible for the evaluation of mammographic abnormalities (GR98, Hol00). If the
benefits of screening are not to be lost, it is very important that this connection is well
managed. At the minister’s request, the Health Care Insurance Board is looking into
ways of improving matters in this area.

Generally speaking, there is a tendency for cancer screening to detect the more
slowly progressive forms of a cancer (length bias sampling), some of which would not
have become clinically significant (overdiagnosis bias), whereas interval cases will
typically involve fast-growing, ‘aggressive’ cancer. Studies demonstrate that the
survival rates from interval cancer are indeed lower than the rate among women whose
breast cancer is detected by mammographic screening. The women involved in interval
cases are no less likely to survive, however, than women who have never been
screened (Bre95, Bur96, Col98, Hol86, Sch96, Sha82).

Disagreement regarding screening is nothing new. Criticism was voiced and down
for discussion – in parliament and elsewhere – even when the Dutch breast-cancer
screening programme was being set up (Kon90, Pee89, Sch90, WVC91). What is new
is that an apparently sound meta-analysis should produce negative findings, since the
results of earlier meta-analyses had been positive (Cox97, Cuc91, Fle93, Ker95,
Nys93, Wal93).
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3Chapter

Methodological quality
of the reviewed studies

A systematic review provides an up-to-date overview of previously published research
findings in a particular field. Ideally, it should be based on the results of randomised
controlled trials (RCTs). The pooling of statistically compatible data from different
studies is known as a ‘meta-analysis’. A meta-analysis may be based on published
research results, but is more reliable if based on the individual patient data. A
meta-analysis performed on the latter basis is referred to as an IPD meta-analysis. The
Cochrane review now under consideration (Göt00, Ols01) was a meta-analysis. An
example of an IPD meta-analysis would be a Swedish overview (Lar96, Nys93, Nys95,
Nys96) of the RCTs performed in Sweden (An88, Bju97, Fri86, Tab85).

3.1 Criticisms made in the Cochrane review

The Cochrane review assessed seven eligible RCTs. These RCTs were started between
1963 and 1982 and all were completed more than ten years ago. The meta-analysis
technique used by the Danish authors involved application of the following quality
criteria:

the randomisation is adequate and leads to comparable study groups
post-randomisation exclusions are few or unbiased
reliable outcome data are availble.

The authors assessed the RCTs on the basis of these criteria and placed them into four
groups:
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high-quality trials: all criteria met
medium-quality trials: only minor violations, important bias not suspected, or
could be corrected
poor-quality trials: major violations, important bias suspected and could not be
corrected with available data
flawed trials: major violations, important bias documented that could not be
corrected.

Two RCTs (New York and Edinburgh) were considered flawed and therefore not
suitable for use. This was because the intervention groups (those invited to screening)
and control groups (not invited to screening) were not really comparable at the start of
the trials or for analysis of the results.

On the basis of successive publications, the Danish authors calculate that in the
HIP trial in New York 853 women were excluded from the study after allocation to the
intervention group, while only 336 women were excluded from the similar-sized
control group (31,092 women aged between forty and sixty-five). The women were
excluded because of breast cancer diagnosed before their entry dates. The authors were
also critical of the cause-of death (re)assessment. Both of these shortcomings were
cited as evidence of bias in favour of screening.

The RCT in Edinburgh also involved women aged between forty and sixty-five,
who were patients at 87 group practices. These practices were allocated randomly to
the intervention and control groups, taking account of the number of GPs at each
practice. This so-called ‘cluster randomisation’ led to a situation whereby the
intervention group contained twice as many women of higher socioeconomic status
(SES) as the control group (53 per cent, as opposed to 26 per cent).

The quality of three Swedish RCTs (Bju97, Fri86, Fri91, Tab85, Tab87, Tab89,
Tab92) was rated poor by the Danish authors. The Two-County Trial (Kopparberg,
Östergötland) was singled out for particular criticism because of an alleged lack of
clarity regarding the cluster randomisation (which ‘may have been seriously flawed’),
regarding the date of entry into the trial and regarding the number of participants
(different numbers having been reported in the publications). The reviewers put
forward various arguments to justify their assessment: breast-cancer mortality in the
Kopparberg control group was higher than in the Östergötland control group (0.0021
compared with 0.0012, p= 0.02); there was an age difference at baseline between the
intervention and control groups (+0.45 and -0.27 years, respectively) and the reports
are unclear with regard to the exclusion of women. After calculating the discrepancy
between the numbers of participants reported in two publications (Tab85, Tab89), the
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Danish authors concluded that a disproportionately large number of women with
previous breast cancer were excluded from the Kopparberg control group.

Two RCTs, one in Canada and one in Malmö (And88, Mil92, Mil00), were considered
to be of medium quality. In both cases, potential participants were individually
randomised. In the Canadian RCT, no women subsequently had to be excluded on the
grounds of previously detected breast cancer, because this trial recruited volunteers,
and all were asked about their history when invited to consent to participation in the
trial. In Malmö, some women were subsequently excluded, but this was not felt to have
affected the findings, since the exclusions were based on cancer registry data.
Nevertheless, the Malmö RCT was not rated ‘high-quality’, because more women were
excluded from the control group than from the intervention group and because the date
of entry into the trial was defined differently for each group. No reason is given for not
rating the Canadian RCT ‘high-quality’.

The various RCTs produced quite different results, the reviewers note. Neither of the
two ‘medium-quality’ RCTs revealed a significant decline in breast cancer mortality.
By contrast, the ‘poor-quality’ RCTs found a marked effect. The difference between
the ‘medium-quality’ and ‘poor-quality’ RCTs in terms of estimated effect is
statistically significant. Heterogeneity of this kind is described by the Danish authors
as very rare. They regard this as a strong warning signal that something is wrong, and
claim a methodological explanation. The authors say that the results of empirical
research into the methodological quality of RCTs indicate that RCTs exaggerate the
estimated intervention effect by 33-41%, on average, if the randomisation procedure is
not adequate or not described in the research report. The discrepancy between the
effect estimated by the ‘poor-quality’ RCTs and that estimated by the
‘medium-quality’ RCTs is in good agreement with the latter finding.

The Danish authors find it disturbing that the strongest and most rapid decline in
breast-cancer mortality were reported in RCTs that involved the least intensive
screening (only two or three examinations offered, it is said, with long intervals), and
where any contrast with the control group disappeared after only three to five years,
they claim, because of the introduction of national screening. This is the opposite of
what one would expect and suggests, say the reviewers, that differences in reported
effects between the trials are attributable to a methodological artefact.
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3.2 The committee’s view

3.2.1 Assessment of the RCTs

The committee feels that the criticism of the HIP trial is partly justified. However, the
alleged differential exclusion has been dealt with by one of the researchers involved
(Mil01). After an interval (there having been no cancer registry), all deaths from breast
cancer could be identified in the two groups. Identification of the date of diagnosis was
then possible from hospital records, and patients diagnosed before randomisation were
excluded. This procedure is unlikely to have biased the results.

In the Edinburgh trial, the randomisation procedure failed to stratify the group
practices by socioeconomic status (SES). Consequently, the intervention and control
groups were not comparable in terms of SES. Since there is a correlation between SES
and both breast cancer risk and overall mortality (as well as between SES and
screening attendance rate), the differences in SES are likely to have influenced the
outcome of the RCT, as the researchers themselves noted (Ale89). A subsequent
analysis was made, allowing for differences in SES (Ale99). From this analysis, it
appeared that the original failure to allow for SES would tend to underestimate the
effect of screening (Ale99).

The decision to also discount three Swedish RCTs is critical in relation to the review’s
conclusions regarding the benefit of breast-cancer screening. Where women over the
age of fifty are concerned, the Cochrane review reports that the ‘poor-quality’ RCTs
yield a statistically significant reduction in breast-cancer mortality by 31 per cent – RR
= 0.69 (0.55-0.86) – but that the ‘medium-quality’ RCTs failed to show a significant
reduction with a RR= 0.88 (0.64-1.20) after 7 years.

The authors of the Cochrane review conclude that the two categories of RCT are
heterogeneous. This conclusion is based partly on a statistical test. Statistical
heterogeneity, as it is known (i.e. significant differencences between effect estimates)
may be attributable to medical heterogeneity (a difference in characteristics such as the
nature and intensity of the intervention or the nature of the trial population, e.g. in
terms of tumour size distribution), to methodological heterogeneity (a difference in
methodological quality, relating, for example, to the comparability of the intervention
and control groups obtained by randomisation, or to the temporal relationship between
the intervention and the length of the follow-up period) or to some unknown
coincidental phenomenon.
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Inspection of the results reveals that the effect on breast cancer mortality in women
aged fifty or older within an observation period of seven years estimated by pooling
data from the two ‘medium-quality’ trials (RR = 0.88; 95 per cent confidence interval:
0.64-1.20) differs markedly from the effect estimated by pooling data from all six
‘medium-quality’ and ‘poor-quality’ trials (RR = 0.74; 95 per cent confidence interval:
0.62-0.89). A similar picture emerges if the estimate is based on an observation period
of thirteen years. This is not the case, however, where the effect on total cancer
mortality or on overall mortality is concerned. This fact might indicate that there were
methodological shortcomings in the way breast-cancer mortality was measured in the
‘poor-quality’ trials. However, a cautious approach should be taken to interpreting
these findings, since statistical heterogeneity may be attributable to any number of
factors.

The various trials were, for example, medically heterogeneous in terms of the
so-called ‘control rate’ – the stage distribution in the Canadian RCT control group
being more favourable than that in the Swedish RCT control groups (Nar97). The
average tumour diameter was 1.9 centimetres in the former and 2.8 centimetres in the
latter, and the percentages of tumours measuring 2.0 centimetres or more were 30 and
60 per cent, respectively. No account was taken of these differences by the authors of
the Cochrane review. Furthermore, medical heterogeneity could have arisen from a
variety of other factors, such as differences in screening participation patterns, in the
quality of the mammography, in the assessment of the mammograms, in the nature or
quality of the diagnostic workup and therapy, in contamination of the control group or
in effect divergence between women above and below the age of fifty. Any of these
factors could also help to account for the observed differences between the RCTs in
terms of the estimated effect of screening (Kon95). However, the fact that the trials
differed where breast-cancer mortality was concerned, but not where total cancer
mortality or overall mortality were concerned, would tend to suggest that medical
heterogeneity is unlikely to be the sole cause of the statistical heterogeneity.

It is unlikely that methodological heterogeneity can fully account for the difference
between the results of the ‘medium-quality’ RCTs and those of the ‘poor-quality’
RCTs. The methodological research that the Danish authors refer to (Kja01, Moh98,
Sch95) does not adequately support their suggested explanation. The research in
question does not provide evidence of a regular pattern, but highlights an association
between shortcomings in the randomisation procedure and overestimation of the effect
of intervention. Additionally, the committee shares doubts about extrapolation of the
magnitude of the effects of inadequate randomisation from studies where control event
rates are around 20 per cent to a screening trial where the event rates are far lower
(Hay00).

23 Methodological quality of the reviewed studies



Moving on to the question of randomisation in the reviewed RCTs , it should be said at
the outset that randomisation at the individual level is generally preferable to
randomisation at the group level, e.g. on the basis of geographical clusters. However,
individual randomisation is not always possible or desirable. Cluster randomisation
can sometimes be unavoidable for logistical or methodological reasons – if, for
example, one is conducting a particularly large RCT or one needs to prevent
contamination.

Three Swedish RCTs were cluster-randomised trials. With cluster randomisation,
it is more likely that the intervention group and control group will differ in terms of
prognostic characteristics such as age, because the number of randomisation units is
smaller than would be the case with individual randomisation. In addition, the largest
age imbalance – about five months in the Two-County Study – should be considered in
the light of the fact that the trial involved women between the ages of 40 and 75 years.
Therefore, such imbalances do not mean poor randomisation. They are not
problematical, provided that the analysis is adequate (Cat00, Nix00, Sen01). If the
presence of an imbalance can be defined, it is possible to deal with it by adjustment in
the statistical analysis, just as in individually randomised trials. Where the
‘poor-quality’ RCTs are concerned, studies showed that such adjustment resulted in
only marginal differences in the estimated effect of an invitation to screening (Nys02,
Tab89).

Nevertheless, the reviewers used age as a marker for irregularities in the
randomisation. Where the Two-County Trial is concerned, bias in favour of screening
due to biased allocation is unlikely, since the age imbalance would tend to
underestimate the benefit of screening. The comparability of the study groups has been
examined in terms of all-cause mortality excluding breast cancer and in terms of
all-cancer mortality excluding breast cancer. Those two basic outcome measures
proved to be very similar (Tab88). The trial was designed partly with a view to
obtaining socioeconomically comparable study groups. Statistical reanalysis of the
Two-County Trial data by independent researchers has shown that this object was
achieved (Nix00). Taking the cluster randomisation into account in the statistical
analysis has little influence on effect estimation (Duf01, Nix00, Nys02, Tab92). In the
overview of the Swedish RCTs, the cause-of-death pattern in the intervention group is,
except for breast cancer, very similar to that in the control group, showing that the
groups were comparable (Nys96, Tab89).

The higher level of breast-cancer mortality in the Kopparberg control group than in
the Östergötland control group as indicated in the Cochrane review, is indeed notable.
It does not automatically follow, however, that “ the randomisation procedure may
have been seriously flawed”. Slightly different , geographic-region based, cluster
randomisation methods were used in the two counties (Tab85, Tab92). It may be that
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the difference in mortality reflects true regional variations in breast- cancer mortality.
In this context, it should be noted that breast-cancer mortality in the Malmö control
group was also higher than that in the Östergötland control group (Nys93). This
explanation is in line with the observation that the stage distribution among women
with breast cancer in the Östergötland control group was more favourable than among
their counterparts in the Kopparberg group (Tab89). The committee does nevertheless
concede that the Swedish trialists should have been able to provide a more convincing
explanation, perhaps by reference to regional incidence and mortality data.

The RCT reports published by the Swedish trialists do partly explain the
discrepancies in the numbers of participants in the course of the trial. The main factors
cited are the exclusion from the trial of women who had been found to have breast
cancer before the date of randomisation and differences in the way age is defined (on
the basis of year of birth, or on the basis of exact date of birth) (Duf01, Nys93, Nys02,
Tab89). A woman already known to have breast cancer cannot benefit from screening
and should not therefore be considered when assessing the value of screening. In a trial
based on pre-randomisation (where members of the control group are not asked to
consent to inclusion in the trial), it was inevitable that some of the women involved
would already have breast cancer at entry of the trial. When it became possible to
‘clean up’ the trial population by record linkage to cancer registry data, this was done
and duly reported (Tab88, Tab89); subsequently published findings related only to the
‘clean’ study groups (Duf01, Tab89).

If one calculates the number of exclusions from the Two-County Trial in the way
the Danish authors indicate, it does indeed appear that the exclusion rate for the
Kopparberg control group (264 / 18,846 = 1.4 per cent) is a little higher than that for
the intervention group (462 / 39,051 = 1.2 per cent). The committee does not believe
that this is attributable to any difference in the thoroughness of the steps taken to
identify women with breast cancer diagnosed before the randomisation date, since
record linkage to cancer registry data was used in both cases. In the committee’s view,
the assertion that the discrepancy in the exclusion rate is attributable to irregularities in
the randomisation procedure is unsubstantiated, but cannot possibly be ruled out
completely. It is worth noting, however, that the discrepancy tends to result in
underestimation of the benefit of screening.

3.2.2 Application of the quality criteria

It is not immediately apparent to the committee why three of the Swedish RCTs should
be regarded by the Danish authors as ‘poor quality’, while two other trials (Malmö and
Canada) are ‘medium quality’. The committee therefore doubts whether the quality
criteria have been consistently applied. In early 2000, the Danish authors suggested
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that age imbalances between the intervention and control groups provided the main
evidence of poor randomisation (Göt00). They calculated that the age imbalances in
the ‘poor-quality’ RCTs varied from - 0.18 years (Stockholm) to +0.45 years
(Kopparberg). Their initial conclusion that the age distribution was ‘extremely
skewed’ and thus incompatible with reliable randomisation is not repeated in the
Cochrane review, since it was rightly criticized by various commentators, including the
Cochrane Breast Cancer Group (CBG02). The authors nevertheless stood by their
assessment of the RCTs in question as ‘poor quality’, even though the trials’ exclusion
rates were neither particularly high nor biased (criterion 2), and even though either
assessment or reassessment of causes of death was blind in each case (criterion 3).

Other considerations raise further doubt regarding the consistency of the
application of the quality criteria. First, the Danish authors did not have data regarding
the age distribution of participants in the RCTs in Malmö and Canada, yet this did not
prevent them concluding that the randomisation procedures in these RCTs were
unbiased (Göt00). The committee regards this as odd in view of the fact that other
RCTs were described as ‘very likely flawed’ on the basis of quite modest age
imbalances (Ols01).

Furthermore, despite the fact that the Canadian RCT, like the Malmö RCT, was
less than perfect, the Danish authors attach less importance to the majority of its
shortcomings. The issue of blindness was critical in the Canadian NBSS-1 because
randomisation came after clinical examination of the breasts. Although an independent
review (Bai97) has confirmed the integrity of (certain aspects of) the randomisation
procedure used in the CNBSS-1, various commentators have raised doubts about this
procedure, because of the study findings that showed an imbalance in the number of
women with advanced breast cancer. In particular, the mammography group had an
excess of women with involved lymph nodes whose breast cancer had been detected by
physical examination at baseline (i.e., before randomisation), whereas the control
women have rejoyed a remarkable survival, their death rate being, inexplicably, a little
more than half the rate predicted (Boy97, CETS93, Duf00, Kop97, Met93, Tar95). The
Danish team, however, accepted the integrity of the randomisation procedure without
publishing their reasoning. In their explanation of the baseline imbalance in stage
distribution they note that mammography group patients were generally treated in
centres with more thorough axillary-node dissection, but did not deem this difference a
source of bias. However, they wrongly cite this treatment difference as a potential
source of bias in the other trials (Duf01, Hol86).

Criticism can additionally be levelled at the Cochrane review for its failure to
make proper allowance for differences between the design of the Canadian RCT (with
a volunteer study population) and that of the Swedish (population based) RCTs, in
which participants were either offered mammographic screening or not offered
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screening at all. Furthermore, all participants in Canada (CNBSS-2) were given a
physical breast examination once a year and instructions on self-examination.
Although it has not been shown that regular physical examination or self-examination
is effective in reducing breast cancer mortality, it is not unreasonable to suppose that
the additional emphasis on the early detection of breast cancer might have reduced the
contrast between the two study groups. Stronger contrast reduction is likely to have
resulted from the relatively favourable starting situation (tumour stage distribution, see
above) with regard to breast cancer in Canada (Nar97), which will have made it harder
to show the efficacy of screening. Because of the more favourable stage distribution, it
was only to be expected that any effect on breast-cancer mortality would be less in
Canada, and would take longer to manifest itself than in Sweden.

The reviewers also appear to have attached more importance to post-randomisation
exclusions in some trials than in others. According to the review, the rate of exclusion
from the Malmö RCT’s intervention group due to pretrial breast cancers was 2.6 per
cent (547 / 21,242), whereas the rate of exclusion from the control group was 2.2 per
cent (457 / 21,240). Thus, exclusion was twice as common in the Malmö trial as in the
Kopparberg part of the Two-County trial. Furthermore, differential exclusion in
Malmö was more likely to influence effect estimation, and any such bias will have
been in favour of screening. This is accepted as unbiased, because exclusion in the
Malmö trial involved an official cancer register, an independent source. Yet the
Cochrane review criticizes the way subjects were excluded from the Two-County
Trial, despite the fact that the same procedure and data from the same (Swedish)
cancer registry were used (Duf01, Nys93, Tab88, Tab92).

The Cochrane review suggests that the various RCTs’ estimates of the effect of
screening on breast-cancer mortality are inversely proportional to the intensity of the
screening – the opposite of what one would expect. At first sight, this appears to be an
important observation. However, it fails to take account of the optimal temporal
relationship between intervention and follow-up duration for the anticipated effect, as
established from accurate data (Mie02). Breast-cancer mortality in Malmö, for
example, first began to decline after seven years of screening (And88), but no such
decline was observed in the CNBSS-2, where screening continued for only three or
four years (Mil00). Further research would be beneficial in this context. It should be
noted that the Cochrane review misrepresents the screening intensity of the
‘poor-quality’ trials, underrating the number of screening rounds and the trial time.

3.2.3 Conclusion

When defining the quality criteria for their systematic review, the authors attached the
greatest priority to the (internal) validity of the RCTs. In principle, the committee
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supports this approach. However, the criteria definitions were not sufficiently explicit
to minimize the danger of subjectivity in the quality assessment. The concept of
‘adequate randomisation’ is not properly defined, for example. Nor is ‘reliable
outcome data’. The way such concepts are interpreted has far-reaching consequences
for the findings of the Cochrane review.

The committee is critical of the way the authors chose the quality criteria
themselves, modified them during the course of the review and failed to apply them
consistently. The consequence of this approach was that five out of seven RCTs were
entirely or partially excluded from the analysis, when it was not necessary to do so.
Given that all large-scale trials have strengths and weaknesses, the committee feels it
would have been more appropriate to establish by means of sensitivity analysis
whether each potential bias source was likely to lead to underestimation or
overestimation of the effect of intervention and to determine the quantitative
significance of the bias (CBCG02).

The committee believes that the decision to dismiss the HIP trial as flawed was
unjustified, even though the trial does not carry great weight. On the other hand, the
committee regards the baseline imbalance in SES in the Edinburgh RCT as too great
for the findings to be taken into consideration, even after adjustment for SES of group
practices.

It is worth noting that the HIP trial findings – a reduction in breast-cancer
mortality of 22 to 35 per cent among women over the age of fifty (Ols01) – were not
taken into account when the effect magnitude of introducing screening to the
Netherlands was forecast in 1990 (Kon90). There were various reasons for this. First,
mammography techniques had improved considerably since the HIP trial (when film
was used without a screen). Second, the starting position with regard to breast cancer
(tumour stage distribution and survival rates) in the USA during the 1960s was very
different from that in the Netherlands in the 1990s. And, third, the screening in the HIP
trial involved both mammography and physical examination.

Nor were the Edinburgh findings – a statistically non-significant reduction in
breast-cancer mortality of 12 to 19 per cent among women over the age of fifty (Ols01)
– taken into account in this context. The reasons being the low participation rate, the
initially poor quality of the (xero)mammography and the combined use of physical
examination and mammography screening (Kon90).

The committee rejects the contention that the inconsistency between the results of the
‘medium-quality’ RCTs and those of the ‘poor-quality’ RCTs is attributable solely to
the methodological shortcomings of the latter. It is nevertheless accepted that such
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shortcomings might have influenced the estimation of breast-cancer mortality effects to
a limited extent.
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4Chapter

Breast-cancer mortality as a an endpoint

4.1 Criticisms made in the Cochrane review

Knowing whether a subject belonged to the intervention group (those invited to
screening) or to the control group may effect the assessment of cause of death. This
source of information or ascertainment bias can be reduced by blind assessment (i.e.
assessment made without such knowledge). However, only the trials from Canada and
Malmö (And88) made use of blind cause-of-death assessment (Göt00).

The Cochrane review concludes that breast-cancer mortality was an unreliable
outcome, even when the cause of death was assessed blindly. In support of this verdict,
the authors make a number of points. First, figures are presented (derived from Tab88)
to illustrate directly that, in the Two-County Trial, death from non-breast cancer
among women with a diagnosis of breast cancer was 2.4 times higher in the
intervention group than in the control group. This increased mortality, the review
claims, amounts to half the reported reduction in breast-cancer mortality.

Second, the authors draw attention to the issue of radiotherapy. Radiotherapy
reduces the rates of local recurrence by two-thirds (EBC00). Early cancers are treated
by tomourectomy and radiotherapy. The implication of this, according to the Cochrane
review, is that deaths among women whose breast cancer was detected by screening
are more likely to be misclassified as deaths from other causes and that too many
deaths in the control group will be classified as breast cancer deaths.

Third, on the basis of data from the Malmö RCT (And88), it is pointed out that
21 per cent of women with breast cancer who died had or had previously had at least
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one other malignancy, creating considerable potential for misclassification of the cause
of death.

Finally, the Cochrane review suggests, belief in the effectiveness of a particular
intervention may influence quite substantially cause-of-death assessment. In this
context, the authors cite an American study (New00). This study showed that prostate
cancer patients who did not die from prostate cancer had a proportionate mortality for
other causes, which was very similar to a cohort of patients with benign prostatic
hyperplasia. However, those with no initial treatment had a proportionate mortality for
other cancer causes of 14%, significantly lower than the 19% seen in the non-prostate
cancer cohort. Conversely, the cancer proportionate mortality in the “aggressively”
treated subgroup was 30%, significantly higher than that in the non-prostate cancer
cohort. This indicates, the Danish reviewers suggest, that if it is believed that an
intervention is successful, there is a tendency to put some other cause of death on the
death certificate.

Blind (re)assessment of the cause of death, the Cochrane reviewers argue, does not
remove the objections to the use of breast-cancer mortalityas an outcome measure.
First, because it is biased in favour of screening (due to differential misclassification).
To support this contention, the authors refer to the results of the blind reassessment of
cause of death in 144 dubious cases in the HIP trial. Differential misclassification, it is
suggested, might be responsible for approximately half of the reported mortality
benefit.The authors also claim to have found evidence of differential misclassification
in the overview of the Swedish RCTs. Blind reassessment of the cause of death
resulted in the conclusion that 418 women in the intervention groups (with a total
observation period of 1.43 million woman-years) had died of breast cancer, while the
corresponding figure in the control groups (1.14 million woman-years) was 425. On
the basis of the officially recorded causes of death, the figures were 419 and 409,
respectively. The fact that the net seventeen reclassifications was in favour of
screening is regarded by the Danish authors as evidence of bias.

The authors additionally argue that, in the event of someone who has been
screened subsequently dying (perhaps years later) as a result of the complications of
some diagnostic or therapeutic intervention made in the context of screening, it is quite
possible that no link will be made between screening and death. In this context, the
finding that radiotherapy following mastectomy is associated with increased vascular
mortality (ECBC00) is cited as evidence for bias in favour of screening, assuming
higher rates of post-mastectomy radiotherapy among screened women.
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4.2 The committee’s view

Debate regarding the design, analysis, methodological pitfalls and reporting of RCTs
to estimate the effect of screening or primary preventive programmes has been ongoing
for some time (Bla02, Cox97, Juf02, Lar96, Mie02, Pac97, Sch90, Sha90). This is not
particularly surprising, since population-based trials of this kind can never be perfect.
What is more, the benefits of screening are often modest and therefore difficult to
demonstrate. It is also possible for screening to do more harm than good. In view of
these problems, RCTs need to involve very large numbers of subjects if they are to
provide reliable findings. The Cochrane review illustrates just how difficult it is to
carry out and analyse such trials.

The drawback of using cause-specific mortality, e.g. breast-cancer mortality, as an
outcome measure is that it provides information only about the benefits of screening,
not about any possible harm. In that sense, it is a surrogate outcome, which assumes
that a reduction in cause-specific mortality must imply a net increase in the chance of
survival (Juf02).

Furthermore, the use of cause-specific mortality as the primary endpoint renders
screening trials subject to serious bias (Bla02). This criticism cannot be levelled at the
use of overall mortality (i.e. all-cause mortality), which can provide unambiguous
evidence of any increase in the chance of survival and help to highlight any harm from
screening.

It is therefore pertinent to ask whether overall mortality should always be used as a
primary endpoint. And whether screening RCTs should involve even more subjects
than, for example, the 200,000 men that the International Prostate Screening Trials
Evaluation Group hopes to include. Should the RCTs looking at breast-cancer
screeninghave been five times as big, involving 2.4 million women, as stated in the
Cochrane review? Or is such an approach statistically unnecessary, since the available
numbers are large enough for getting stable estimates of the reduction or increase in
overall mortality or total cancer mortality?

4.2.1 Breast cancer as a cause of death

The committee considers it appropriate to scrutinize the validity of certified causes of
death. However, the accuracy of death certification is higher for malignant neoplasms
than for other causes of death, and higher for breast cancer than for other cancers
(Alb00, Ede99, Kir85, Pen01, Sat98). Research has shown that the chance of breast
cancer being misclassified as the cause of death ranges from less than 5 per cent to a
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maximum of 10 per cent (Ald67, And88, Bri84, Bro93, Cha91, Col92, Dijc96, Gar96,
Nys95).

If breast cancer has metastasized and the woman dies, it is difficult to make a
mistake when assigning the cause of death. The major difficulty is whether breast
cancer was the cause of death when the deceased woman had been diagnosed with
another malignant disease (Mil01). The Cochrane review suggests that such confusion
is quite common, citing data from Malmö in support (And88). These data indicate that
21 per cent of breast cancer patients who die also have another (primary) form of
cancer. This figure probably includes second (primary) breast cancers and
non-melanoma skin cancers. Such malignancies should be excluded in this context,
since co-morbidity of this kind cannot lead to uncertainty regarding the cause of death.
Other studies yield a much lower percentage than 21, namely 6 to 12 per cent (Cha91,
Nom99). Results of studies on the development of second (primary) tumours following
treatment of breast cancer also point to a much lower percentage, in the region of 5 per
cent (Fow01, Mat00, Obe00, Rub00). Taking these findings into consideration, the
committee believes that the number of dubious cases is modest and does not create
considerable potential for bias.

Not all commentators accept that belief in the effectiveness of an intervention can
explain the findings of the American retrospective cohort study on causes of death in
elderly men with prostate cancer (New00). The doctors involved were not asked about
their preferred therapies. Besides, it is inevitable that one doctor will advocate
‘watchful waiting’, while another believes in radical surgery and a third in
radiotherapy. Furthermore, the doctor who determines the cause of death is not always
the one who previously decided what form of therapy the patient should receive – not
least because ten years could elapse between diagnosis and death (New00). Another
weakness of the research is that the certified causes of death were not assessed against
a ‘golden standard’ (autopsy reports or all relevant clinical data). As the researchers
stated themselves (New00), their work was designed to be hypothesis-generating. The
research was not intended to test the validity of the information bias hypothesis; this
hypothesis emerged in the course of post-hoc subgroup analysis. It is an important
hypothesis, but one that has yet to be confirmed.

The findings of research into the validity of colorectal cancer death certification
among participants in an RCT on the effectiveness of screening for colorectal cancer
(Ede99) does not support the hypothesis of information bias.The discrepancy in gross
number of deaths from colorectal cancer – 318 from the death certificates and 322 by
the deaths review committee, a difference of 1,5% - was small and cannot have a major
influence on the estimated effect of screening.
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4.2.2 Bias in the RCT findings

Although the validity of breast cancer as the certified cause of death is high, it does not
automatically follow that breast-cancer mortality as an outcome measure in
experimental or observational studies is not subject to bias. The Cochrane review’s
conclusion that breast-cancer mortality is unreliable and biased in favour of screening,
is based on the assumption that flaws are due to differential exclusion of women with
previous breast cancer from analysis and differential misclassification of cause of
death, which cannot be corrected for by blind (re)assessment of the cause of death.

As indicated in subsection 3.2.1, the suspicion of differential exclusion in the HIP
trial was refuted by one of the researchers involved (Mil01). Also, exclusion in the
Swedish RCTs was performed objectively, by record linkage to the Swedish Cancer
Registry (see section 3.2). Furthermore, the committee cannot find any definite
evidence in literature of differential misclassification of breast cancer as the cause of
death (And88, Cha91, Dijc96, Gar96).

The reviewed RCTs do offer considerable scope for differential misclassification.
The Cochrane review suggests that there is definite evidence of such misclassification
occurring (see the first example given in section 4.1). This is a serious issue, since, if
proven, the resulting bias would account for half of the reduction in breast-cancer
mortality reported in the Two-County trial.

However, the committee believes that there has been a misunderstanding. The
reviewers used data from the Two-County trial (Tab88) to show that women in the
intervention group in whom breast cancer was diagnosed (1,295 as compared to 768
women in the control group) had a higher mortality from other malignancies (25 and 6,
respectively) and also from all causes other than breast cancer (81 and 34,
respectively) : RR = 2.4 and 1.4, respectively. The alleged excess rates in the
intervention group can, however, at least partially be explained by the fact that
screening will result in breast cancer being diagnosed several years earlier than would
otherwise be the case. Because of this ‘lead time’, women with screen-detected breast
cancer were at risk of death several years longer. The Cochrane review does not take
account of this lead time bias. To make a valid comparison, the denominator should
not be the number of women with breast cancer, but the number of woman-years at
risk within the breast cancer cases. When comparison is made on this basis, no
statistically significant discrepancy emerges between intervention and control groups
in the Two-County Trial in terms of mortality from all causes other than breast cancer
(i.e. overall mortality minus breast-cancer mortality) (Tab89, Tab92). The publications
are, however, inconclusive with regard to mortality from other forms of cancer among
women with breast cancer. More information on all-cancer mortality may be important,
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since the Swedish overview indicates the presence of (statistically non-significant)
excess mortality for gastrointestinal cancer in the intervention groups (Nys96).

The Cochrane review rightly states that blind (re)assessment of cause of death – no
matter how careful – does not preclude the possibility of bias. Consider the Swedish
overview, which was based on the original research data (concerning the individual
participants in all Swedish RCTs), including the clinical data. These data were linked
to cancer and cause-of-death registry data. A blind reassessment was made of the cause
of death in all cases involving participants who died before 1990, having (according to
the cancer registry) been diagnosed with breast cancer after the randomisation date.
For the purposes of this blind reassessment, the relevant medical records were
collected and blinded concerning identity and allocation status, and the cause of death
checked by an oncologist. The reassessment was made by a committee consisting of a
pathologist, a radiologist, a surgeon and a (second) oncologist, none of whom had been
involved in the RCTs. Each committee member reassessed all 1,296 cases, without
knowing the screening status of the deceased or their colleagues’ opinions.

Other commentators have recently highlighted the possibility of so-called
‘slippery-linkage bias’ (Bla02). This form of bias tends to result in overestimation of
the effect of screening (Bla02). Such bias occurs where a ‘positive’ screening result
leads to an invasive or otherwise hazardous intervention, ultimately causing the
subject’s death, without this being associated with the screening. The Danish authors
claim that bias of this kind is associated with a greater use of radiotherapy in screened
women than in controls, citing the finding that post-mastectomy radiotherapy leads to
excess vascular mortality (EBC00). Setting aside the issue of the safety of modern
radiotherapy techniques (see also section 5.2), this underlines the importance of using
other outcome measures in conjunction with disease-specific mortality when
interpreting the results of cancer screening trials.

The contention that blind reassessment of the cause of death in dubious cases biased
the results of the HIP trial is refuted by one of the researchers (Mil01). In his reply,
Gøtzsche continued to maintain that there had been bias, pointing to the fact that there
had been no decline in all-cancer mortality (Göt01). The committee takes issue with
Gøtzsche on this point, however. According to the Cochrane review, the HIP trial
yields a relative risk for all-cancer mortality of 0.98 (0.89-1.08) for women aged
between forty and sixty-five (Ols01). In the committee’s view, a reduction in all-cancer
mortality of this order is consistent with a reduction in breast-cancer mortality of
17 per cent after thirteen years (see also section 5.2). As is the 1 per cent fall in the
overall mortality: RR = 0.99 (0.94-1.05) after thirteen years. Therefore, the committee
feels that serious bias is unlikely.
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In the Swedish overview, there does appear to have been differential
misclassification in favour of screening, if one looks only at the numbers and the
direction in which classifications are shifted, and if one accepts the Swedish Cause of
Death Register as the gold standard. Blind cause-of-death reassessment leads to some
revision of the estimated effect: a reduction in breast-cancer mortality by 23 per cent,
rather than 20 per cent (Nys95).

Several other studies with data from the Swedish overview have shown as well that
only marginal differences between the relative risk estimates emerged when using
different outcomes measures (Nys93, Lar96). One of the comparisons made use of
‘breast cancer related excess mortality’. This outcome obviates the need to determine
the cause of death. The basic principle of the method is an indirect standardisation of
the total mortality in the breast cancer cases in the intervention group and in the
control group. The reference population was assembled using data from the Swedish
Cause of Death Register. The analysis indicated that screening reduced breast cancer
related mortality among women aged 40 – 74 years by 24 per cent (Lar96).

Some of the Swedish RCTs used ‘breast cancer present at death’ as an endpoint,
rather than ‘breast cancer as underlying cause of death’. All Swedish RCTs were
therefore analysed on the basis of one outcome or the other. Again, comparison of the
results reveals little difference in the estimated effect (the relative risk reduction was
21 and 23 per cent respectively in women aged 40-74) (Nys95). This is an additional
indication that the Swedish trials’ results were not affected by serious bias.

Like other commentators (Mil01), the committee has considered whether the effect
of radiotherapy on vascular mortality could have resulted in slippery-linkage bias. If
such a bias could have been a problem at any stage, the committee doubts whether this
was still the case after 1975, when the reviewed screening trials (except for the HIP
trial) took place. Further consideration is given to the issues surrounding
post-mastectomy radiotherapy and vascular disease in chapter 5. In the committee’s
view, it is not likely that radiotherapy could influence the findings in favour of
screening.

4.2.3 Conclusion

The number of cases in which there is doubt whether breast cancer was the cause of
death is much smaller than suggested in the Cochrane review. It is nevertheless true
that breast-cancer mortality as an outcome measure in an RCT can be biased. As the
Cochrane review correctly points out, blind (re)assessment of cause of death does not
warrant protection against this possibility, since it cannot prevent slippery-linkage bias
and the like. However, such forms of bias can be detected by the analysis of overall
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mortality and breast cancer excess mortality. These analyses obviate the need to
determine whether or not breast cancer was the cause of death in each individual case.

The committee cannot exclude the possibility that the findings of the reviewed
RCTs may have been slightly biased, even after blind reassessment of the causes of
death. However, there is no definite evidence of differential misclassification to an
extent sufficient to have seriously biased the trial findings. The results of the breast
cancer excess mortality analysis performed on the Swedish overview data also argue
against serious bias. The committee therefore concludes that there is no reason to
regard breast-cancer mortality as unreliable and biased in favour of screening.
Nevertheless, because bias can never be excluded, total cancer mortality and overall
mortality should be taken into account when interpreting the reduction in breast-cancer
mortality.
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5Chapter

Overall mortality and total cancer
mortality as an endpoint

5.1 Criticisms made in the Cochrane review
The reviewers regard overall mortality as the only suitable outcome measure. This is
partly because they regard breast-cancer mortality as an unreliable outcome, and partly
because they believe that the possibility of an increase in deaths from other causes
should be taken into account. Hence, an effect on overall mortality needs to be shown.

Such a screening-associated increase in mortality can result from post-mastectomy
radiotherapy, it is suggested. In this context, the authors refer to the findings of a
meta-analysis of radiotherapy trials carried out by the Early Breast Cancer Trialists’
Collaborative Group (EBC00). From these findings, they cite that radiotherapy reduces
annual breast-cancer mortalityby 13 per cent, but increases death from other causes by
21 per cent. This adverse effect is caused by an excess of cardiovascular deaths
(EBC00).

The overview of the Swedish screening RCTs indicates a statistically
non-significant rise in the intervention groups of death from all diseases of the
circulatory system (Nys96). The Danes put the absence of statistical significance in
this increase down to the short duration of the RCTs. The introduction of a national
screening programme shortly after publication of the first favourable findings of the
Two-County Trial (Tab85) made it very hard, they claim, to statistically distinguish
any effect, whether positive or negative (due to contamination of the former control
groups by the availability of screening for these women as well).

The Cochrane review concludes that screening does not reduce overall mortality
(see also Annex E). The authors point out that the trials and the review are
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underpowered for all-cause mortality; the confidence levels include both a plausible
worthwile and a possible detrimental effect. The Cochrane review also suggests that
screening is not associated with a decline in total cancer mortality (including breast
cancer mortality). See also Annex D.

5.2 The committee’s view

The committee regards breast-cancer mortality as an important endpoint (see
chapter 4). The Danish authors’ contention that overall mortality should be the primary
endpoint in preference to breast-cancer mortality is not agreed with. It is nevertheless
the committee’s view that the effect of screening should be assessed not only on the
basis of breast-cancer mortality, but in conjunction with total cancer mortality and
overall mortality. These other outcome measures should be considered when
interpreting the results of cancer-screening trials, as indeed they normally are (Duf01,
EBC00, Höj99, Lar96, Nys96, Tab88, Tab89, Tab92). There are good reasons for this.
First, such an approach facilitates the identification of any (direct or indirect) adverse
effects that screening may have. Second, examination of all-cause mortality in
combination with disease-specific mortality can reveal major threats to the validity of a
RCT, such as flaws in randomisation and ascertainment of vital status (Ale89, Bla02).

The assertion that radiotherapy following mastectomy leads to increased vascular
mortality and the expectation that radiotherapy even increases overall mortality in
screened women are derived from a meta-analysis (EBC00) of forty radiotherapy trials
started between 1960 and 1990. Midway through this period, radiotherapy techniques
were improved substantially (Kur00). For this reason, a number of large-scale trials
were launched to determine the effect of modern locoregional radiotherapy, designed
to minimise cardiopulmonary radiation exposure. The findings of these studies
demonstrate that in the medium-term (median observation period: ten years) modern
radiotherapy does not increase vascular morbidity and mortality, and that overall
mortality actually declines (Höj99, Ove99). The ten-year survival rate was 45 per cent
in the women who had received radiotherapy and 36 per cent in women who had not
(Ove99). A meta-analysis of 18 recent studies reports very substantial benefits in
irradiated patients with a decrease of overall mortality by 17 per cent: RR= 0.83
(0.74-0.94) (Whe00).

Longer follow-up is required to confirm that excess vascular mortality can be
substantially reduced or even avoided by use of modern techniques. Nevertheless, we
can already say that there appears to be no such excess mortality in the first twelve
years. The effects have now been under observation for a period as long as that within
which excess mortality was detected by the EBCTCG (Höj99). An update of the
EBCTCG meta-analysis (EBC00) by Cuzick indicated that the trials started before
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1975 had a very statistically significant increase in non-breast cancer deaths, while
those started after 1975 did not. It was noteworthy that the majority of non-breast
cancer deaths, although vascular in origin, were not cardiac related (Abr01). This
delayed side-effect is thought to result from the radiation dose per fraction given prior
to 1975, and the partial inclusion of the heart and the great vessels in the irradiated
area. RCTs started after 1975 indicated that the beneficial effects of radiotherapy on
local control and thus on the patient’s chance of survival were no longer being all but
cancelled out by excess vascular mortality (Abr01).

The overview of the Swedish screening RCTs (Nys96) did not reveal a rise in
mortality from ischemic heart disease in the intervention groups: RR = 1.00
(0.95-1.05). Because a carotid artery sometimes lies within the irradiated area, it is also
necessary to consider mortality from cerebrovascular diseases. The Swedish overview
indicated a statistically non-significant 4 per cent rise in such mortality, relative to the
control group: RR= 1.04 (0.97-1.12).

In any case, it does not strike the committee as likely that any harmful effects of
radiotherapy would manifest themselves especially among screened women, as the
Cochrane reviewers assume. Post-mastectomy radiotherapy is mainly used in cases
where there is an increased risk of local breast cancer recurrence (tumour-positive
axillary nodes, tumour diameter greater than 5 centimetres). Screening tends to detect
less advanced cases of breast cancer, which can normally be treated without irradiating
the lymph nodes in the neck (supraclavicular).

When interpreting the results of breast-cancer screening trials, it is also important to
consider total cancer mortality. If screening has a positive effect on breast-cancer
mortality, a reduction (albeit a much smaller drop) in all-cancer mortality is to be
expected. The Danish authors are correct to state that none of the RCTs showed a
statistically significant decline in all-cancer mortality (including breast-cancer
mortality) (Annex D). However, the RCTs were underpowered for such a decline. The
Swedish overview does show a statistically non-significant decrease of 2 per cent. It
has been suggested that this decrease is too small, and that 30 per cent of the all-cancer
mortality is attributable to breast cancer (Gia01, Gøt01). The failure to find evidence
of a clear reduction in all cancer mortality is described as ‘certainly a cause for
concern’(Gia01). However, one should not overlook the fact that the proportion of
all-cancer mortality accounted for by breast cancer will be much lower in a trial
population than in the population at large: 11 per cent in the Swedish RCTs and 24 per
cent among Dutch women (NCR00, Nys96). The reason being that women diagnosed
with breast cancer at the start of the study are excluded from the trial population; the
only deaths from breast cancer counted are those arising from breast cancers diagnosed
during the trial time. The committee estimates that, if a 20 per cent reduction in
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breast-cancer mortality were achieved in the relevant age group (forty to seventy-five),
the resulting fall in all-cancer mortality in the Swedish RCTs should have been about
2 per cent. The non-significant decline referred to in the overview is consistent with
this estimate, whereas the figures in the Cochrane review are not (see also Annex D). It
should also be noted that the data on all-cancer mortality have not been broken down
according to age. The committee feels it would be instructive to obtain insight into all
cancer mortality among women over the age of fifty.

Finally, attention should be given to overall mortality as well. The Danish authors
abandoned their assertion (Göt00) that mammographic screening causes six times as
many deaths as it prevents. In the Cochrane review, it is stated that a
screening-associated increase in mortality cannot be excluded. However, if available
data from all eligible trials (excluding Edinburgh and New York) are considered then
the relative risk reduction in overall mortality is one to three per cent for women aged
50 or over (see Annex E).

This is consistent with what might be expected. Among Swedish women aged
between forty and seventy, breast cancer deaths constituted nearly 10 per cent of
overall mortality in 1989 (Lar96). According to the overview, the corresponding
percentage in the control groups of the Swedish RCTs was much lower, namely 3.4 per
cent (Nys96). This was due to the fact that women diagnosed with breast cancer prior
to the randomisation date were excluded from the trial. Hence, a 20 per cent reduction
in breast-cancer mortality(or 25 per cent in women over the age of fifty) would be
expected to bring down overall mortality by about 1 per cent.

An as yet unpublished update of the Swedish overview (median observation period
nearly sixteen years) indicates that, among women aged between forty and seventy,
overall mortality has declined by 2 per cent: RR= 0.98 (0.96-1.00) (Nys02).
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6Chapter

Overtreatment

6.1 Criticisms made in the Cochrane review

According to the Cochrane review, the estimated cumulative risk of a false positive
result after 10 mammograms is 50 per cent. Screening also leads to more women being
diagnosed with breast cancer and to increases both in the overall frequency of breast
surgery and in more aggressive breast surgery, it is claimed. According to the
Cochrane review, the rise in frequency of breast cancer cannot be dismissed as a
temporary effect resulting from earlier diagnosis. Rather, it is a structural phenomenon
attributable to the discovery of slow-growing cancers that would otherwise not have
led to ill health. It is said that screening results in ductal carcinoma in situ (a precursor
of breast cancer) being detected six times more often.

The authors claim that the resulting overtreatment involves 20 per cent more
mastectomies and a 30 per cent increase in the overall number of breast operations
(including breast-conserving surgery). It is also suggested that screening leads to a 25
to 40 per cent increase in the use of radiotherapy in the treatment of breast cancer.

6.2 The committee’s view

When considering the benefit and risk of breast cancer screening, it is very important
to take age into account. Women under the age of fifty are much more likely to get
false positive screening results, in-situ cancer or interval cancer than older women
(Fri86, Tab87). No such distinction is made in the Cochrane review. Notably, the
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Cochrane Breast Cancer Group thought the conclusions on the use of more aggressive
treatment were misleading, and they did not accept this section of the review
(CBCG02).

6.2.1 False-positive screening results

The Cochrane review’s alarming estimate that there is a 50 per cent cumulative risk of
getting at least one false positive result after ten screening examinations is based upon
American research (Elm98). This figure does not apply to the Netherlands. For one
thing, it is based partly on data concerning women under the age of fifty, who are more
liable to receive false positive results than older women. Furthermore, American
doctors are more inclined than, for example, their Dutch counterparts to pursue a
policy of ‘defensive medicine’, motivated by the fear of legal action. The American
study (Elm98) indicates that four to eight screened women in a hundred receive a false
positive result.

In the Netherlands, this percentage is much lower: 0.7 per cent where initial
examinations are concerned and only half as many where subsequent examinations are
concerned (Fra00). The rate of invasive interventions (biopsies) and the benign to
malignant ratios at biopsy are also much lower in the Netherlands (and other European
countries) than in the United States (see also Chapter 2).

6.2.2 Overdiagnosis

In essence, what the Cochrane review’s authors say is correct. Overdiagnosis – the
detection of breast cancer that may never have progressed to become symptomic
during a woman’s life– does indeed take place. That is an inherent problem with any
screening strategy, and one that was anticipated prior to the decision to set up the
national programme. Allowance for overdiagnosis was made when assessing the net
benefits of the programme (Kon90, Maa87, WVC91). It is also the case that it is not
possible to distinguish women whose in-situ cancer (ductal carcinoma in situ, a
precursor of – invasive – breast cancer) or slow-growing (invasive) breast cancer will
become aggressive due to further genetic changes from those whose condition will not
deteriorate in this way.

It is indeed the case that the introduction of screening leads to an increase in the
number of women being diagnosed with breast cancer. The increased frequency of
breast cancer is associated not only with initial screening examinations (the prevalence
pool), but also with subsequent examinations (lead time, discovery of ductal
carcinomas in situ). On the other hand, the frequency of breast cancer is lower among
women who are no longer being screened (because they decide not to participate, pass
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the age of seventy-five or are unable to participate further due to termination of the
programme). In fact, the frequency among such women is for a while lower than
among women who have never been screened (Boe94). A few years after the HIP trial
in New York had ended, there was no difference between the original intervention and
control groups in terms of the (cumulative) number of breast cancer cases (Sha85,
Sha90). This is not particularly instructive in the present context, however, since the
mammographic technique used in the HIP trial involved a shorter lead time than that
associated with modern techniques. More recent data is not available, since screening
continued after completion of the other RCTs, and was widened to include the control
group as well.

The Cochrane review makes no allowance for this compensation effect. If one
looks only at the initial period following the introduction of screening, even if that is
nearly ten years, it is inevitable that one will find an increase in the frequency of breast
cancer and breast surgery. However, there is no evidence of any serious level of
overdiagnosis in the longer term (Pee89).

Furthermore, the claims regarding overtreatment are based on incomplete data that
do not distinguish between age groups under 50 and over 50 years or provide insight
into the percentage distribution of the types of breast surgery. If such data had been
presented, they would have shown that, particularly among screened women, there has
been a relative decline in mastectomies and a relative increase in breast-saving surgery.

The level of overdiagnosis is much lower than suggested in the Cochrane review.
Calculations made using MISCAN, a well-validated computer simulation model
(Akk99, Kon90, Maa87), indicate that the Dutch screening programme increases the
frequency of breast cancer diagnosis a few per cent (Boe94). The current percentage
will be a little higher now that (as from 1998) women between the ages of seventy and
seventy-five are also covered by the programme.

According to cancer registry data, 114 new cases of (invasive) breast cancer per
100,000 women were found in the Netherlands in 1990, and 127 in 1996. In the same
period, the frequency of the diagnosis of in-situ cancer of the breast rose from five to
eleven per 100,000 women. This rise is attributable mainly to the screening
programme. Some 13 per cent of women between the ages of fifty and seventy with
breast cancer detected by screening have in-situ cancer. The corresponding figure for
women in the same age group with breast cancer detected during interscreening
intervals or outside the context of screening is 3 to 6 per cent, depending on age
(Fra01).
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6.2.3 Overtreatment

In the Netherlands, among women between the ages of fifty and seventy with
(invasive) breast cancer, the percentage receiving breast-conserving surgery rose from
32 per cent in 1990 to 42 per cent in 1996. In the same period, the percentage
undergoing mastectomies fell from 59 per cent to 51 per cent (Fra01). In this country,
therefore, there has been no increased use of aggressive treatment during the first
seven years after the introduction of screening. In addition to greater use of
breast-conserving surgery, the developmental phase of the programme (1990 to 1996)
saw a decline in the use of both adjuvant therapy (hormonal therapy or chemotherapy)
and radiotherapy. More than a third of treated women received adjuvant therapy –
usually hormonal therapy where women over the age of fifty were concerned. If the
treatment figures are broken down according to tumour stage (TNM status), no
difference emerges between patients whose breast cancer was screen-detected and
those whose breast cancer was discovered outside-screening (Fra01).

One of the reasons for more women being diagnosed with breast cancer is the raised
detection rate of in-situ cancer, caused by the increasing use of mammography in
routine diagnosis of breast disorders and the introduction of mammographic screening
programmes. According to the Cochrane review, in-situ cancer is found six times as
often where screening programmes are in place as where they are not. The reviewers
state that in half of these cases the abnormality measures five centimetres or more,
leading to amputation of at least one breast and often both breasts, although untreated
in-situ cancer only develops into (invasive) breast cancer in 20 to 25 per cent of cases.

It is quite true that screening leads to a considerable rise in the detection of in
situ-cancer, although the reported six-fold increase does include women under the age
of fifty (Tab92). In the Netherlands between 1990 and 1996, 53 per cent of women
between the ages of fifty and seventy in whom in-situ cancer was discovered by
screening received breast-conserving surgery. Among women in the same age group
who had not been screened, the figure was 42 per cent (Fra01).

The explanation for breast-conserving surgery not being performed more often in
cases of in-situ cancer – which is, after all, a precursor of breast cancer – relates in part
to difficulties inherent in the surgery. It is much harder for a surgeon to completely
remove in-situ cancer (allowing a safe surrounding margin, Hol90) than to completely
remove invasive breast cancer, because in-situ cancer is not generally palpable, but can
be discerned only by mammography. (The dimension referred to should have been
2.5 centimetres, incidentally, not five). Failure to fully remove in-situ cancer appears
to be the main cause of local recurrence following breast-conserving surgery (Hol98).
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Such problems can be addressed by using magnification mammography, localization
techniques, specimen radiography and other means to ensure complete excision of the
mammographically detected abnormality, but this requires considerable
interdisciplinary coordination (CBO88, GR87, GR98). In this field too, mammographic
screening has been a strong force for quality improvement (Pag99), as indicated by the
shift from mastectomy to breast-conserving surgery in the early years of the
programme (Fra01).

In-situ cancer has long been something of a neglected field of medicine. On the
assumption that in-situ cancer is typically multicentric (i.e. develops at various points
within the breast), amputation of the breast has for many years been the standard
therapy. However, the results of detailed pathologic and radiologic studies have
revealed that the assumption of multicentric development is incorrect (Hol90).

Little is known with certainty about the natural history of in-situ cancer – partly
because it cannot be studied without first removing breast tissue for establishing the
diagnosis and, thereby, disturbing the natural history of these lesions. Nevertheless, the
committee does not believe that in-situ cancer should be regarded as a biologically
benign condition, which if left alone would not develop into (invasive) breast cancer in
70 to 75 per cent of cases. Histopatholopically, it is possible to distinguish various
forms of in-situ cancer, which can be divided into three malignancy grades. Long-term
studies on the progression to invasive breast cancer of in-situ lesions originally
misdiagnosed as benign indicate a 25 to 50 per cent progession rate at 30 years of
follow-up for low-grade lesions (Eus94, Pag95). Although little is known about the
natural history of high-grade in-situ cancer, research involving a small number of
patients has suggested that there may be a 50 to 75 per cent chance of progression in
four to nine years (Eus94, Eva01). The findings of clinical follow-up studies of women
after breast-conserving surgery indicate that the risk of recurrence is greater with the
most malignant forms of in-situ cancer (comedonecrosis) than with less malignant
forms. Roughly 65 per cent of screen-detected lesions are high grade, and 13 per cent a
low-grade form (Eva01). In other words, it is not the case that screening mainly detects
more indolent forms of in-situ cancer. More malignant forms of in-situ cancer
(comedonecrosis) are often easier to detect mammographically because of the
characteristic micro-calcifications. Further research is required to provide greater
insight into the balance between overtreatment and the prevention of (invasive) breast
cancer.

6.2.4 Concluding remarks

On the basis of detailed data from three Swedish and two Dutch screening projects, the
MISCAN model has been used to make careful long-term estimates of the benefits and
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harms of breast-cancer screening in the Netherlands (Kon90, Maa87). Optimum
performance of the screening programme and the diagnostic work-up of positive
screenees can be expected to lead to a situation as outlined below.

Roughly 27 per cent of the women in whom breast cancer is detected by screening
will survive the disease as a result of early detection. For the remaining 73 per cent, the
chances of survival will be unaffected, despite detection of the disease a few years
earlier than otherwise have been the case. Some 53 per cent of the women would have
been treated in time to save their lives even if their cancer had not been detected by
screening. However, some of these women now have the option of breast-saving
surgery, which they would not have had without early detection. A further 13 per cent
will die despite the earlier detection of their cancer. Finally, there is a group of up to
7 per cent who would never have known about their cancer if it were not for screening,
since they would have died of other causes before clinical manifestation of the disease
(Kon90, LETB95, Maa01).

Screening enables breast cancer to be detected earlier, when the tumour is smaller and
metastasis to the lymph nodes is less likely to have occurred. This means that
‘aggressive’ forms of diagnostic and therapeutic intervention (e.g. excision biopsy,
axillary sampling or dissection and mastectomy) are necessary less often. In recent
decades, screening has accelerated the development of less mutilating forms of
intervention, thereby reducing suffering and the cosmetic implications of the disease.
The Cochrane review ignores these facts, choosing only to look backwards.
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7Chapter

Observational studies

The Cochrane review rightly focuses primarily on RCTs. Such experimental studies
provide the best evidence to resolve scientific issues. However, it is also worth
considering observational research: case-control studies and cohort studies. Although
the findings of such non-experimental research carry less weight, they can be useful.
This chapter summarizes the results of a number of observational studies in this field.

7.1 Case-control studies

The results of case-control studies carry less weight than RCT findings, because of the
potential for bias. Nevertheless, the results of well-designed case-control studies are
fairly consistent with those of RCTs (Ben00, Con00, Gil95). This is true in general and
of research into mammographic screening in particular (Con00, Dem98, Ker95). The
case-control studies in Nijmegen, Utrecht, Florence, Malmö, the United Kingdom and
the United States all point to a clear reduction in breast-cancer mortality among
women over the age of fifty (Col84, Col92, Gul91, Jan90, Mos92, Pal89, Tho94,
Ver84).

7.2 Effect evaluation

The purpose of observational research into the impact of service screening on
long-term breast-cancer mortality is not to prove the effectiveness of screening. Such
research is not capable of providing proof, because there is no way of being certain
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that any observed change in mortality is not attributable to some other factor. Only if
the screening programme is introduced in the context of an RCT, as was done in
Finland (Hak97), the effects of other factors are controlled for. Observational research
in the form of ongoing evaluation (monitoring) studies of service screening
programmes can nevertheless provide additional information regarding the
effectiveness of screening.

The authors of the Cochrane review say that their work was prompted partly by
such a study whose results were published in a Swedish journal (Läkartidningen 1999 ;
96: 904-13). This report indicated that breast-cancer mortality should have fallen by
11 per cent following the introduction of service screening in Sweden between 1986
and 1997, but had in fact declined by barely 1 per cent.

From the ensuing correspondence letters in English-language journals, it is
apparent that a number of important criticisms have been levelled at the study into
breast-cancer mortality in Sweden, which have not been adequately rebutted (May99,
Nys00, Ros99, Sjö99). The study lacked sufficient statistical power to distinguish the
effect of screening, and it was wrongly assumed that a linear decline in breast-cancer
mortality could be expected right from 1986. Furthermore, no allowance was
apparently made for the rising incidence of breast cancer in the period before 1986, for
the fact that the programmes started at different times in the 17 Swedish counties or for
the breast-cancer mortality among women diagnosed with breast cancer before the
screening programmes started.

In Sweden, contrary to the reviewers’ contention, breast-cancer mortality barely
changed between 1950 and 1985 (Bor95). The introduction of Sweden’s breast-cancer
screening programme was completed in 1997 (Ols00). As in Finland, a positive effect
on breast-cancer mortality was subsequently observed in a number of studies (Hak97,
Jon01, Tab01). The extent of this effect was broadly consistent with what one might
expect from the screening trials’ findings.

In the United Kingdom, breast-cancer mortality suddenly started to fall markedly
after 1987, particularly among middle-aged women, following a period in which it had
risen sharply (Pet00, Qui95). Since screening was introduced to the UK between 1988
and 1995, the fall cannot be attributable only to screening. A decline in national
breast-cancer mortality due to screening will not be seen until several years after
introduction, because mortality rates are affected for some while by women who were
diagnosed with breast cancer before the screening programme started. The sudden fall
seen in the UK is therefore more likely to have been due to improvements in treatment
– the more widespread use since the 1980s of adjuvant therapy with tamoxifen and
chemotherapy, together with improvements in radiotherapy and surgery (Pet00). From
1987, breast-cancer mortality also began falling in the United States, where there is no
organised screening programme but a lot of screening nevertheless takes place. British
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researchers have since reported a small but unconvincing decline in breast-cancer
mortality attributable to screening (Bla00).

After decades of stability, breast-cancer mortality in the Netherlands has been
falling gradually since 1991. In 1990, it was estimated that the effect of screening on
overall breast-cancer mortality (i.e. among all age groups) should reach half of its
maximum by about 1999, the most recent year for which mortality data are presently
available. (The maximum forecast reduction being 16 per cent, expected by 2015; see
chapter 2.) Using the computer simulation model MISCAN, forecasts of breast-cancer
mortality in the Netherlands were made in 1990, first assuming the introduction of a
screening programme, then assuming no programme (Akk00). Both in the years before
the introduction of screening, and between 1989 and 1998, observed mortality was
consistent with the figures forecast assuming the existence of a programme. In 1997
and 1998, the observed mortality was significant lower than in 1986-1988, before
screening started. Comparing age-standardised mortality rates, with and without
screening, observed and predicted by MISCAN, it was found that the mortality rate
was significantly lower than the expected mortality rate without screening for the
60-69 age group in 1997, and for the 50-59 and 60-69 age groups in 1998 (Fra00). In
1999, the decline continued in the original screening target group (Fra01). With a view
to determining the extent to which the observed reduction in breast-cancer mortality is
due to screening, or to improved treatment, the LETB is to link individual
cause-of-death data with data from the screening programme and the cancer registry
(Fra00).

Such research requires data relating to women who have not participated in the
screening programme. This presents an as yet unresolved problem, since women who
have declined to be screened are not able to give their consent for the release of the
relevant data from the cancer registry.
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8Chapter

Answers to questions
posed by the minister

The minister asked: Do the findings of the Cochrane review nullity the scientific basis
for breast-cancer screening for women over the age of fifty? In this context, it is also
important to consider whether breast-cancer mortality is a valid outcome.

The committee regards breast-cancer mortality an important outcome measure of
trials of breast cancer screening, provided that such mortality is reliably determined. It
does seem to the committee that the use of disease-specific mortality as the primary
endpoint renders screening trials subject to bias. Whether that was actually the case or
not, the committee believes that breast-cancer mortality should be examined in
conjunction with all-cancer mortality and overall mortality when interpreting the
results of screening trials. Appendices C, D and E provide an illustrative overview,
based on the findings of the Cochrane review, reworked by the Dutch Cochrane Centre
in Amsterdam.

All the reviewed RCTs show a reduction in breast-cancer mortality among women
over the age of fifty, although it is not statistically significant in all cases. If data from
all eligible RCTs (except for Edinburgh and New York) are considered then the risk of
dying from breast cancer is reduced by 20 per cent among women between the ages of
forty and seventy-five (Ols01b). For women over the age of fifty, the reduction is
28 per cent after seven years and 25 per cent after thirteen years (including New York;
see Annex C).

On the basis of findings from Kopparberg, Östergötland and Malmö, it was
forecast that the national screening programme in the Netherlands would bring down
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breast-cancer mortality by 33 per cent among women between the ages of fifty and
seventy (Kon90).

On 15 February 2002, the findings of an update of the Swedish overview were
presented in Stockholm. The updated data cover an observation period with a median
duration of nearly sixteen years – seven years longer than the period covered by the
original data. The conclusion is that breast-cancer mortality among women aged forty
to seventy has been cut by 21 per cent: RR = 0.79 (0.70-0.98). Overall mortality has
fallen by 2 per cent: RR = 0.98 (0.96-1.00) (Nys02).

The Cochrane review rightly focuses primarily on RCTs. However, observational
research into the value of mammographic screening has also been conducted. The
results of this research reinforce the conclusions of the experimental research
regarding the benefits of screening for women over the age of fifty.

In the committee’s view, the currently available reliable evidence does show a survival
benefit of breast-cancer screening for women over the age of fifty. The arguments
presented in the Cochrane review are not considered convincing to refute this
evidence. However, the committee does not discount the possibility that new
evaluations will ultimately lead to the conclusion that the effect of screening is not as
great as anticipated in 1990.
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AAnnex

Request for advice

On 12 February 2002, the Minister of Health, Welfare and Sport wrote as follows to
the President of the Health Council (letter reference GZB/GZ 2.250.678):

Following the recent appearance of articles in The Lancet and the Nederlands Tijdschrift voor

Geneeskunde questioning the effectiveness of breast cancer screening, I hereby request that you prepare an

advisory report for me regarding this issue within the Dutch context.

To be specific, I wish to know whether the findings of the meta-analysis published in the Lancet in

October 2001 nullify the scientific basis for breast-cancer screeningas it is organized in the Netherlands

(with women over the age of fifty as the target group and annual evaluation).

(signed)

Dr E Borst-Eilers
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BAnnex

The committee

Professor JA Knottnerus, Chair
President of the Health Council; The Hague
Professor GMM Bartelink
Radiotherapist; Antoni van Leeuwenhoek Hospital, Amsterdam, professor of
radiotherapy, University Medical Centre, Amsterdam
Professor Y van der Graaf
Clinical epidemiologist; University Medical Centre, Utrecht
Professor JGM Klijn
Oncologist; Erasmus University Medical Centre and Daniël den Hoed Clinic,
Rotterdam
Professor FE van Leeuwen
Epidemiologist; Dutch Cancer Institute, Amsterdam, professor of cancer
epidemiology, Free University Medical Centre, Amsterdam
Dr RJPM Scholten
Clinical epidemiologist;, Dutch Cochrane Centre, University Medical Centre
Amsterdam
Dr WA van Veen, secretary
Health Council, The Hague

The committee also met and consulted with the following experts:
Dr RWM Giard, Pathologist and clinical epidemiologist; MRCZ, Clara site,
Rotterdam
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Professor R Holland, Pathologist; National Reference Centre for Breast cancer
Screening, St Radboud University Medical Centre, Nijmegen
Dr HJ de Koning, Clinical epidemiologist; National Evaluation Team for Breast
cancer Screening, Erasmus University Medical Centre, Rotterdam
Professor ALM Verbeek, Clinical epidemiologist; St Radboud University Medical
Centre, Nijmegen
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CAnnex

Breast cancer mortality

See tables on the following pages.
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Table C1 Breast cancer deaths (obs), number of women (N) and relative risk (RR), with 95 per cent confidence interval (95% CI)

for death from breast cancer in the intervention group (i.e. women invited to mammographic screening), compared with the control

group (i.e. those not invited). Women aged fifty (Malmö fifty-five) or older at the start of the trial. Observation period: seven years.

trial intervention group control group RR 95% CI

Obs N Obs N

Malmö 35 13,107 44 13,113 0.80 0.51 – 1.24

Canada (CNBSS2) 38 19,711 39 19,694 0.97 0.62 – 1.52

subtotal (n=2) fixed 0.88 0.64 – 1.20

random 0.88 0.64 – 1.20

Q p = 0.530

Kopparberg 59 29,426 44 13,793 0.63 0.43 – 0.93

Östergötland 42 28,722 57 27,311 0.70 0.47 – 1.04
Stockholm 33 25,476 28 12,840 0.59 0.36 – 0.98

Gothenburg b 21 9,903 37 15,708 0.90 0.53 – 1.54

subtotal (n=6) fixed 0.74 0.62 – 0.89

random 0.74 0.62 – 0.89

Q p = 0.616

New York 52 16,151 80 16,089 0.65 0.46 - 0.92

total (n=7) fixed 0.72 0.61 - 0.85

random 0.72 0.61 - 0.85

Q p = 0.674
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Table C2 As table C1, except observation period: thirteen years.

trial intervention group control group RR 95% CI

Obs N Obs N

Malmö 79 17,430 92 17,426 0.86 0.64 – 1.16

Canada (CNBSS2) 107 19,711 105 19,694 1.02 0.78 – 1.33

subtotal (n=2) fixed 0.94 0.77 – 1.15

random 0.94 0.77 – 1.15

Q p = 0.406

Kopparberg 104 29,007 88 13,551 0.55 0.42 – 0.73

Östergötland 112 28,229 150 26,830 0.71 0.56 – 0.91

Stockholm 42 25,476 33 12,840 0.64 0.41 – 1.01

subtotal (n=5) fixed 0.75 0.66 – 0.86

random 0.75 0.60 – 0.93

Q p = 0.028

New York 101 16,505 130 16,505 0.78 0.60 – 1.01

total (n=6) fixed 0.76 0.67 – 0.85

random 0.75 0.63 – 0.90

Q p = 0.052
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DAnnex

All-cancer mortality

See table on the following page.
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Table D Deaths due to any cancer, including breast cancer (obs), number of women (N) and relative risk (RR), with 95 per cent

confidence interval (95% CI) for death from cancer in the intervention group (i.e. those invited to mammographic screening),

compared with the control group (i.e. those not invited). All women aged forty to seventy-four at the start of the trial.

trial intervention group control group RR 95% CI

Obs N Obs N

Malmö 707 21,088 739 21,195 0.96 0.87 – 1.06

Canada (NCBSS1) 281 25,214 283 25,216 0.99 0.84 – 1.17

Canada (NCBSS2) 464 19,711 403 19,694 1.15 1.01 – 1.31

subtotal (n=3) fixed 1.02 0.95 – 1.10

random 1.03 0.92 – 1.15

Q p = 0.101

Kopparberg 666 39,051 319 18,846 1.01 0.88 – 1.15

Östergötland 510 39,034 498 37,936 1.00 0.88 – 1.13

subtotal (n=5) fixed 1.01 0.96 – 1.07

random 1.01 0.95 – 1.08

Q p = 0.317

New York 791 30,239 823 30,765 0.98 0.89 – 1.08

total (n=6) fixed 1.00 0.96 – 1.05

random 1.00 0.96 – 1.05

Q p = 0.403



EAnnex

Overall mortality

See tables on the following page.
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Table E1 Deaths due to any cause (obs), number of women (N) and relative risk (RR), with 95 per cent confidence interval (95%

CI) for overall mortality in the intervention group (i.e. those invited to mammographic screening), compared with the control group

(i.e. those not invited to mammographic screening). Women aged fifty (Malmö fifty-five) or older at the start of the trial.

Observation period: seven years.

trial intervention group control group RR 95% CI

Obs N Obs N

Malmö 253 19,711 250 19,694 1.01 0.85 - 1.20

subtotal (n = 1) fixed 1.01 0.85 - 1.20

Kopparberg 3,485 29, 007 1,619 13,551 1.01 0.95 - 1.06

Östergötland 3,385 28,229 3,332 26,830 0.97 0.92 - 1.01

Stockholm 1,494 24,836 864 12,957 0.90 0.83 - 0.98

Göteborg b 349 10,112 591 15,997 0.93 0.82 - 1.06

total (n=5) fixed 0.97 0.94 - 1.00

Table E2 As table E1, except observation period: thirteen years.

trial intervention group control group RR 95% CI

Obs N Obs N

Malmö 2,361 17,101 2,423 17,128 0.98 0.93 - 1.03

Canada (NBSS 2) 734 19,711 690 19,694 1.06 0.96 - 1.18

subtotal (n = 2) fixed 0.99 0.95 - 1.04

random 1.01 0.93 - 1.09

Q p = 0.145

Kopparberg 5,725 28,918 2,659 13,470 1.00 0.96 - 1.05

Östergötland 4,564 28,657 4,398 27,216 0.99 0.95 - 1.02

total (n = 4) fixed 0.99 0.97 - 1.02
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