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Summary

Objective To investigate whether mortality statistics show an effect of
mammographic screening on population-based breast cancer mortality in
England.

Design Joinpoint regression analyses, and other analyses, of popula-
tion-based mortality data.

Setting Analysis of mortality rates in the Oxford region, UK (1979-2009)
because, unlike the rest of England, all causes of death mentioned on each
death certificate for its residents (not just the underlying cause) are
available prior to commencement of the English National Breast
Screening Programme (NHSBSP). In addition, analysis of English national
breast cancer mortality rates (1971-2009).

Participants Women who died from breast cancer in the Oxford region
(1979-2009) and England (1971-2009)

Main outcome measures Age-specific mortality rates, and age-standar-
dized mortality rates. Joinpoint regression analysis was used to estimate
years (‘joinpoints’) in which trends changed, and annual percentage
change between joinpoints, with confidence intervals.

Results In the Oxford region, trends for breast cancer mortality based on
underlying cause and on mentions were very similar. For all ages com-
bined, mortality rates peaked for both underlying cause and mentions in
1985 and then started to decline, prior to the introduction of the NHSBSP
in 1988. Between 1979 and 2009, for mortality measured as underlying
cause, rates declined by —2.1% (95% CI| —2.7 to —1.4) per year for women
aged 40-49 years (unscreened), and by the same percentage per year
(—2.1% [-2.4 to —1.7]) for women aged 50-64 years (screened). In
England, the first estimated changes in trend occurred prior to the intro-
duction of screening, or before screening was likely to have had an effect
(between 1982 and 1989). Thereafter, the downward trend was greatest in
women aged under 40 years: —2.0% per year (—2.8 to —1.2) in 1988-2001
and —5.0% per year (—6.7 to —3.3) in 2001-2009. There was no evidence
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Breast cancer mortality trends in England and mammography screening

that declines in mortality rates were consistently greater in women in age
groups and cohorts that had been screened at all, or screened several
times, than in other (unscreened) women, in the same time periods.
Conclusions Mortality statistics do not show an effect of mammographic
screening on population-based breast cancer mortality in England.

Introduction

Population-based mortality rates for breast cancer
have declined in many developed countries,
including the UK, since the 1980s'™ while inci-
dence rates have continued to rise. The primary
objective of mammographic screening for breast
cancer is to reduce breast cancer mortality rates.
However, in recent years, the value of screening
for breast cancer has been the subject of much
debate.*” In response to the growing controversy,
the English Department of Health announced, in
October 2011, that it would commission an inde-
pendent review of breast cancer screening
research. This review was undertaken by a panel
chaired by Professor Sir Michael Marmot, and the
findings were published in October 2012.° On
reviewing the evidence, the panel concluded
that there was a 20% relative reduction in mortal-
ity from breast cancer in women invited to screen-
ing. However, the panel also found that ‘for each
breast cancer death prevented about three over-
diagnosed cases will be identified and treated’.
The publication of the Marmot report has done
little to appease critics of mammography screen-
ing,”® and measuring the effect of mammographic
screening on breast cancer mortality remains
vexed.”” We examined the influence of multiple-
cause coding of diagnoses on death certificates on
the rise and fall of breast cancer mortality in
England. Until the mid-1990s, only the underlying
cause of death was selected and coded from each
death certificate in England nationally, when
more than one cause was certified. Data on the
other causes were not routinely coded. The
National Breast Cancer Screening Programme
(NHSBSP) was introduced in 1988. It is possible
that shifts in certification practice, and/or changes
in the rules for selecting the underlying cause of
death (which changed in England in 1984, 1993
and 2001),'0-12 may have had effects on the tem-
poral profile of breast cancer mortality. We

studied a regional data-set which included all cer-
tified causes of death (conventionally termed
‘mentions’), not just the underlying cause, to
study mortality trends from 1979. To the best of
our knowledge, this is the longest time span of all
‘mentions’ in England at a large population-level.
To provide national context, we also analyzed
data on underlying cause mortality for the
whole of England for a similar period. We
wanted to know, in particular, whether studies
of trends in mortality data for breast cancer, if
based on underlying cause alone, were likely to
be reliable.

We then investigated whether population-
based breast cancer mortality trends, enhanced
by multiple-cause coding, show an effect of mam-
mography screening. Accordingly, we considered
mortality trends before and after the introduction
of the NHSBSP in 1988, comparing mortality rates
for women in age groups and cohorts that had
been screened at all, or screened several times,
with those for unscreened women, in the same
time periods.

Materials and methods

Data sources

Breast cancer mortality data for the former Oxford
NHS Region (population about 2.5 million) were
obtained from the database of the Oxford Record
Linkage Study from 1979 to 2010, which, in turn,
came from death registration data supplied by the
Office for National Statistics. Because some deaths
that occur in each calendar year are not registered
until the next year, we used data including that for
2010 registrations, but only report on deaths by
date of occurrence to the end of 2009. A total of
20,987 death certificates where female breast
cancer was coded in any position (underlying
cause, or mentioned elsewhere on the certificate)
were included. Breast cancer incidence (1975-2008
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[982,135 cases]) and mortality (1971-2009 [444,186
cases]) data for England were supplied to usin files
from Cancer Research UK. These national mortal-
ity data only include cases where death from
female breast cancer has been coded as underlying
cause on the death certificate. Incidence and mor-
tality records were selected using code 174 in the
eighth revision of the International Classification
of Diseases, 174 in the ninth, and C50 in the tenth.

Statistical analyses

Age-specific mortality rates, and age-standar-
dized incidence and mortality rates, were calcu-
lated. Age standardization was conducted using
five-year age groups, the direct method, and the
age distribution of the European standard popu-
lation. Trends in age-standardized incidence and
mortality rates were modelled using joinpoint
regression,'® which is a method for identifying
when a series of annual rates changes trend,
as described below.

Joinpoint regression

Joinpoint regression models,'® otherwise known
as piecewise, broken line, or segmented regres-
sion models, consist of straight lines which are
connected by joinpoints (also referred to as knots
or change points). Each joinpoint is the estimated
location of a change in the slope of the trend line.
The joinpoint regression programme starts from a
null hypothesis model of zero joinpoints (a
straight line) and tests (by permuting the resi-
duals) whether the alternative hypothesis model
of the maximum number of joinpoints specified
has a statistically significant lower sum of residual
squares than the null hypothesis model, in which
case, the latter is rejected. Permutation tests are
applied sequentially'* until a model of best fit is
reached. For example, if a maximum number of
five joinpoints is specified, the final, or best fit
model, will have between zero and five joinpoints.
In Tables 2 and 4, we present best fit models of the
data.

Joinpoints are sometimes referred to as the esti-
mated locations of statistically significant changes
in trend,'® but it is important to clarify what this
means: the joinpoint represents a year in which
the slope of the trend line changes, and this
change is statistically significant in the sense that

permutation tests show that there is a significant
reduction in the total error of the trend line com-
pared to that of a lower joinpoint model. For each
line segment of the model, the programme also
provides the annual percentage change (from join-
point to joinpoint), along with the associated con-
fidence intervals.

The log-linear model option was selected, and a
maximum number of five joinpoints was allowed
for each model (the default value for the number of
data points considered). The overall significance
level allowed for permutation tests was o =0.05.
The best fit model was compared with higher
and/or lower joinpoint, non-significant models
of the same data points. Separate analyses were
performed for death with any mention of breast
cancer on the death certificate, and for death with
breast cancer coded as underlying cause.

Results

Oxford region: underlying cause as
a percentage of all mentions
of breast cancer

Of all women with breast cancer certified on the
death certificate, breast cancer was the underlying
cause of death in 96% (7266/7598) of women aged
under 65 years at death, 88% (3731/4227) aged
65-74 years, 78% (3763/4841) aged 75-84 years,
and 66% (2447/3701) aged 85 years and over.
These percentages did not change appreciably
over time and, overall, trends for mortality
based on underlying cause and on mentions
were similar (Figure 1).

Oxford region: trends in mortality
and their association with
screening

Age-standardized mortality rates peaked for both
underlying cause and mentions in 1985, prior to
the introduction of the NHSBSP in England, and
then started to fall. Supplementary Figures 1
and 2, showing data with logarithmic transform-
ation, suggest that the rate of decline was greater
in the age group under 40 years than in older
women.

The year of peak mortality and percentage
declines since then are shown by age group for
mentions and for underlying cause in Table 1.
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The year of peak mortality for women aged under
40 years (an unscreened age group) was 2001. The
peak years for women aged 40-49 years, 50-64
years, and 65-74 years were all in the 1980s,
prior to the introduction of the screening pro-
gramme. The peak year for women aged 75

—Nentions

——Underlying cause
50 4

40 1

30 +

Moratlity rates per 100,000 population

2003
2009

2005
2007

Figure 1 Age-standardized mortality rates for female
breast cancer in Oxford, all ages, by mentions and
underlying cause (1979-2009)

Table 1

years and over was 1992 for underlying cause
and 1996 for mentions. The percentage declines
since the peak year, comparing underlying cause
and mentions within each age group, were very
similar (Table 1). The percentage declines since
1988, when the national screening programme
was introduced in England, show that the great-
est declines were in women under the age of 40
years and the smallest declines were in women
aged 4049 years and 75 years and over. The per-
centage declines since 2000, i.e. giving data on the
same time span for each age group, showed simi-
lar findings.

Using the greater sophistication of joinpoint
analysis, it was seen that mortality rates in the
Oxford region in the age groups under 40 years,
40-49 years, and 50-64 years declined uniformly
(i.e. without a detected change in trend over
time) throughout the period covered by the
study (Table 2). Measured as underlying cause,
there was a significant change in trend (down-
ward) in women aged 65-74 years in 1987 and
in those aged 75 years and over in 1989 (i.e.
both prior to any likely effect of the screening
programme). In mortality measured as men-
tions, there were significant changes in trend
(downward) in women aged 65-74 years in
1990 and in women aged 75 years and over in
1996 (Table 2).

Year of peak age-specific mortality rate for female breast cancer per 100,000 population in the Oxford region, 1979-2009

Age Death Year of Death count Percent  Percent  Percent

group certificate peak (peak mortality rate) decline decline decline

(years) listing mortality  [95% CI] since peak since 1988 since 2000

<40 Mentions 2001 36 (4.9) [3.3 to 6.5] 72.3 55.5 52.2
Underlying cause 2001 34 (4.6) [3.1 to 6.1] 70.6 55.5 49.8

40-49 Mentions 1981 66 (50.4) [38.2 to 62.5] 45.0 18.2 12.6
Underlying cause 1981 66 (50.4) [38.2 to 62.5] 46.7 20.8 13.9

50-64 Mentions 1985 201 (110.9) [95.5 to 126.2] 49.0 405 19.7
Underlying cause 1985 191 (105.3) [90.4 to 120.2] 50.7 419 18.1

65-74 Mentions 1984 162 (173.3) [146.6 to 199.9]  48.8 38.0 30.7
Underlying cause 1984 144 (154.0) [128.9 to 179.2]  49.7 419 28.0

>75 Mentions 1996 350 (345.8) [309.6 to 382.1]  29.2 9.0 14.3
Underlying cause 1992 256 (266.7) [234.0 t0 299.3]  30.7 14.8 6.9

All age groups  Mentions 1992 734 (56.6) [52.5 to 60.7] 26.0 16.9 15.3
Underlying cause 1992 649 (50.0) [46.2 to 53.9] 29.6 219 1.7
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Table 2

Joinpoint trends in female breast cancer mortality rates in the Oxford region, 1979-2009
Age Type of Period 1 Annual Period 2 Annual percentage
group listing on percentage change (95% Cl)
(years) death change
certificate (95% Cl)
<40 Mentions 1979-2009 —1.4% (2.4 to —0.4) - -
Underlying cause 1979-2009 —1.4* (2.4 to —0.5) - -
40-49 Mentions 1979-2009 —2.0* (2.7 to —-1.3) - -
Underlying cause 1979-2009 —2.1* (=27 to —1.4) - -
50-64 Mentions 1979-2009 —2.0* (—2.3to0 —1.7) - -
Underlying cause 1979-2009 —2.1* (—2.4 to —1.7) - -
65-74 Mentions 1979-1990 0.8 (—0.9 1o 2.6) 1990-2009 —22%(-30to —1.4)
Underlying cause 1979-1987 2.5 (—0.6 to 5.6) 1987-2009 —2.1* (-28to —1.5)
>75 Mentions 1979-1996 0.5(—0.31to0 1.4) 1996-2009 —2.0%(—3.1to —0.8)
Underlying cause 1979-1989 2.7% (0.2 t0 5.2) 1989-2009 —1.8* (—2.5t0 —1.0)
All age groups Mentions 1979-1991 —0.1(—0.9 to 0.8) 1991-2009 —2.2* (—2.6 to —1.8)
Underlying cause 1979-1990 0.3 (—0.7 to 1.3) 1990-2009 —2.4*% (—2.8 to —2.0)

*The annual percentage change is significantly different from zero at «=0.05

Table 3

Year of peak age-specific mortality rate for female breast cancer per 100,000 population in England, 1971-2009
Age Death Year of  Death count Percent  Percent  Percent
group certificate peak (peak mortality decline decline decline
(years) listing mortality  rate) [95% Cl] since peak since 1988 since 2000
<40 Underlying cause 1989 402 (3.1) [2.8 to 3.4] 50.9 48.7 455

40-49 Underlying cause 1973 1278 (46.3) [43.7 to 48.8] 52.7 44.6 16.8

50-64 Underlying cause 1985 3827 (96.8) [93.8 to 99.9] 459 425 19.6

65-74 Underlying cause 1987 3193 (135.5) [130.8 to 140.2] 39.5 38.1 16.6

>75 Underlying cause 1991 5159 (233.0) [226.6 to 239.3] 235 19.0 6.5

All age groups  Underlying cause 1989 13110 (53.7) [52.8 to 54.6] 309 29.7 12.1

Trends in England

Data on all mentions for England as a whole are
unavailable for the 1980s and early 1990s. This
section covers national analyses of mortality
based on underlying cause and of incidence mea-
sured as cancer registration rates. Supplementary
Figure 3 shows both the decline in age-
standardized mortality rates and the rise in
age-standardized breast cancer incidence rates,
nationally. The year of peak mortality and per-
centage declines since then are shown by age
group for underlying cause in Table 3. The peak
year for women aged 40-49 years was 1973, and

the peak years for those aged under 40, 5064, and
65-74 years were all in the 1980s, prior to the intro-
duction of the screening programme, or before the
programme could have had a likely effect (see also
Supplementary Figure 4).

The percentage declines since peak year of
mortality, since 1988, and since 2000, show that
the greatest declines were in women under the
age of 40 years, and the smallest declines were
in women aged 75 years and over; both are age
groups in which women do not routinely receive
an invitation for screening. Joinpoint analyses
(Table 4) show a greater number of changes in
trend in England than in Oxford, reflecting
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Annual percentage
change (95% Cl)
—5.0* (—6.7 to —3.3)

Period 3
2001-2009

Annual percentage
change (95% Cl)
—2.0%* (-28t0 —1.2)
—3.1% (=34 t0 —2.9)
—1.2(-2.510 0.0)

Period 2

1988-2001
1989-2009
1985-1990
1989-2009
1982-1985

Annual percentage
change (95% Cl)
—0.3(—-0.810 0.1)

1971-1988
1971-1989
1971-1985
1971-1989
1971-1982
1971-1982

Period 1
Period 4

Age group (years)

Joinpoint trends in female breast cancer mortality rates in England, 1971-2009
<40

Table 4

larger numbers of cases, and greater sensitivity in
detecting change. The first estimated change in
trend (end of period 1 in Table 4) for all age
groups occurred prior to the introduction of
screening, or before screening could have had
any likely effect. There was a second downward
shift which was more recent (2001-2009) in
women aged under 40 years (i.e. an age group
not routinely screened) and a downward shift in
women aged 50-64 years (from 1990), but not in
women aged 65-74 years. The changes in women
aged 75 years and over were complicated: there
[ was a non-significant increase in mortality
between 1982 and 1985 and between 1985 and
1991, a significant decline during 1991-1998,
a non-significant increase during 1998-2002, and
a significant decline in the period 2002-2009.
In summary, there was no consistent evidence of
a decline in mortality over time that was clearly
greater in screened than in unscreened age
groups.

—3.0 (—3.1to —2.8)
—0.9% (1.6 to —0.1)
Annual percentage

change (95% Cl)
—2.1* (-2.8to —1.3)

0.6 (—0.6 to 1.8)

1990-2009
1985-1991
1986-1991
Period 6

2002-2009

—2.5% (—2.7 to —2.3)

5.2 (—0.9to 11.7)

1.3* (0.1 to 2.5)
—2.2* (—2.3 to —2.0)

Annual percentage
change (95% ClI)
1.3 (—1.4t0 4.1)

0.05

Age-specific rates for women likely
and unlikely to have been
screened, by time period

Supplementary Tables 1-3 show age-specific rates
in greater detail. Evidence of a beneficial effect of
screening on breast cancer mortality would come
from data that showed that age-specific mortality
rates were lower in screened groups of women
than in unscreened groups; and that the lower
rates were in a timeframe consistent with a
likely latent period between screening and mor-
tality-related benefit. A complication in studying
this is that there are conflicting trends. Mortality
rates for breast cancer rise sharply with increasing
age (Supplementary Tables 1-3, columns); so,
as women grow older in the years following
screening, their mortality rates tend to rise. As a
contrary trend, age-specific mortality rates have
declined sharply over time in recent years
(Supplementary Tables 1-3, rows); so, as screened
cohorts grow older, they exhibit the counteracting
effects of an increase in mortality associated
with increasing age, but a decrease in mortality
associated with calendar time.

A Dbeneficial effect of screening might be evi-
dent in a disproportionately high decline in mor-
tality in those age groups and time periods
when women were invited for screening. In

1982-1986

Period 5
1998-2002
1998-2009

—0.6* (—0.9 to —0.3)

0.7* (0.5 to 0.9)
1.0% (0.8 to 1.2)
0.9% (0.4 to 1.4)

0.5* (0.4 to 0.7)
—2.8% (—3.7 to —1.9)

Annual percentage
change (95% Cl)
—3.0% (3.4 to —2.6)

1991-1998
1991-1998

40-49

50-64

65-74

>75

All age groups
Age group
<40

40-49

50-64

65-74

>75

All age groups

*The annual percentage change is significantly different from zero at «
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Supplementary Tables 1-3, we show percentage
changes in age-specific mortality comparing
rates in 1990-1994 with those in 1980-1984, i.e.
before wide coverage with screening; and we
compare age-specific rates in 2005-2009 with
those in 1990-1994, and with those in 1995-1999,
all periods when screening was well underway in
the age groups 50-54, 55-59 and 60-64 years. Age
groups and periods in which women would have
been invited for screening are shaded. For exam-
ple, in Supplementary Table 1, women aged 50-54
years in 1990-1994 would have been invited for
screening in 1990-1994, invited again in 1995-
1999 when they were 55-59 years, and again in
2000-2004 when they were aged 60-64 years.
Age groups and periods in which women would
not normally have been screened, but in which
women would have been invited for screening
in an earlier age and time period, are also
shaded. For example, women aged 75-79 years
in 2005-2009 would not normally have received
an invitation for screening in recent years, but
would have been invited for screening in
1990-1994 when aged 60-64 years. In all three
data-sets considered, there is no evidence that
declines in mortality rates were consistently
greater in women in cohorts that had been
screened at all, or screened several times, than in
other (unscreened) women in the same time
periods.

Uptake of screening invitations

Summary statistics from the NHSBSP website'®
on the uptake of screening invitations over 10
years after the introduction of the programme
show that around three-quarters of women aged
50-64 years who received an invitation for screen-
ing were eventually screened (2000 [75.5%], 2002
[75.6%]1, 2004 [75.5%], 2006 [75.4%], and 2008
[73.6%)).

Discussion

Principal findings

The analysis of multiple-cause coding shows that
trends for mortality based on underlying cause
and on mentions were very similar. This suggests
that the decreases in mortality for breast cancer
were not influenced by switches in practice

between selecting breast cancer as an underlying
cause of death or a contributory cause.

That the great majority of breast cancer deaths
in the under 65s (96%) were certified as the under-
lying cause means that, in studies of mortality
from breast cancer, mortality data that are con-
fined to underlying cause are likely to be reliable,
in this respect, in this age group. In older age
groups, a smaller percentage of breast cancer
deaths are coded as the underlying cause (for
example, 78% in women aged 75-84 years), and
figures on breast cancer mortality based on under-
lying cause alone should be treated with greater
caution.

We sought evidence of a decline in population-
based breast cancer mortality that could be attrib-
uted to the implementation of mammographic
screening programmes. We conclude that popula-
tion-based mortality statistics, at least in
England, do not show a past benefit of breast
cancer screening. While this does not rule out a
benefit at the level of individual women, these
effects are not large enough to be detected at the
population-level. Our conclusions, on evidence
about benefit, are unaltered by our analysis with
the enhancement of using all certified causes
of death.

Implications

Consideration of the value of using mortality stat-
istics on breast cancer to assess screening pro-
grammes remains important. The Independent
UK Panel on Breast Cancer Screening led by
Professor Sir Michael Marmot questioned the use-
fulness of observational studies that compare
breast cancer mortality time trends data before
and after the introduction of mammographic
screening programmes.® The panel argued that
the ‘extrapolation of time trends demands that
decisions are made, for example, about the linear-
ity or otherwise of the trend, the choice of time
periods considered as “before” and “after”
screening, and the age groups included’. This is
so (although in the present study there was no
extrapolation of time trends — we only modelled
observations within the time periods we had data
for); but evaluation of the effectiveness of mam-
mography screening programmes remains prob-
lematic. The clinical trials that informed the
Marmot report were all conducted at least two
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decades ago: the effect of screening on mortality
needs to be considered in light of improvements
in treatment,” and technological advancements
made in mammographic screening during the
past 20 years. In observational studies of mortal-
ity, there are certainly secular effects, independ-
ently of screening, that can obscure screening
effects, including the effects of treatment (for
example, Tamoxifen'”), and changes in risk factors
such as childbearing patterns.'® However, as new
clinical trials will probably not be conducted,'
and as opinion is divided over the value of data
collected from case-control studies to study breast
cancer screening,(’ the use of mortality data cannot
be lightly dismissed. Kirwan,” commenting on the
Marmot Report, wrote that ‘ongoing analysis of
the efficacy of screening must depend on the
meticulous collection of population data and sub-
sequent modelling’.

Our study shows that age-specific mortality
rates for the age groups 40-49, 50-64 and
65-74 years, both in the Oxford region and in
England, peaked prior to the introduction of
population-based  screening in  England.
Percentage declines since 1988, when popula-
tion-based screening was introduced in
England, were greatest in women under the
age of 40 years and smallest among women
aged 75 years and over, both in the Oxford
region and in England. Joinpoint analyses, both
for the Oxford region and for England, show
significant declines in mortality rates among
groups of women on whom screening has
mainly been focussed (i.e. those aged 50-64
years). In the Oxford region, these declines
were estimated to begin in 1979, and, in
England, in 1990. However, joinpoint analyses,
both for the Oxford region and for England,
also show significant declines in mortality rates
per year among women aged under 40 years,
who would not normally receive an invitation
for screening.

Our findings support those in previous studies
which found little to no discernible effect of mam-
mography screening on breast cancer mortal-
ity.**** Our results also support findings from
previous studies which show that reductions in
breast cancer mortality were greatest for women
in age groups that would not normally receive an
invitation for screening: in a study of breast cancer
mortality trends in 30 European countries, Autier

et al* found that the greatest reductions in mor-
tality were among women under the age of 50
years; and in an examination of breast cancer mor-
tality data from Norway, Kalager et al.**> found
that the reductions in mortality were greatest
among those aged 70-84 years.

Strengths and weaknesses

A principal strength of the study is that we used a
data-set that included all certified causes of death,
and not just the underlying cause. Shifts in prac-
tice in the certification of death between under-
lying cause and contributory cause might in
principle have had an effect on the temporal pro-
file of breast cancer mortality, as they have for
other diseases.”*** For example, mortality trends
for diabetes in recent years have shown conflict-
ing trends depending on whether the trend is stu-
died using underlying cause alone (which shows
a decline in diabetes mortality) or using mentions
(which shows an increase in diabetes mortality).*®
For breast cancer, the trends revealed by the ana-
lysis of mentions were very similar to those
shown by underlying cause. A weakness is the
well-recognized fact that mortality data may be
unreliable to some extent; but, in the context of
studying the effects of an intervention on popula-
tion-based mortality, this is an unavoidable weak-
ness. Another limitation is that the data include
cases of deaths for women who had their breast
cancer diagnosed before receiving an invitation
for screening. However, given that these effects
are likely to diminish over time, and that we
have an observation period of 39 years for
England, and 31 years for Oxford, excluding
these cases is unlikely to have influenced our
conclusions.”’”

Conclusions

We conclude that decreases in mortality for breast
cancer were not influenced by switches in practice
between selecting breast cancer as an underlying
cause of death or a contributory cause. In the great
majority of deaths in women under 65 years old,
with mentions of breast cancer on the death cer-
tificate, breast cancer is the underlying cause of
death. In this respect, if data are only available
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on underlying cause, they are likely to be highly
reliable. In older women, analysis of breast cancer
mortality should be done, whenever possible,
using mentions as well as underlying cause.

Measuring the effectiveness of mammography
screening is a fundamental area of concern in
countries which have established mammography
screening programmes. Clinical trials have indi-
cated that several years have to elapse between
the start of screening and the emergence of
a reduction in mortality, and that the benefit of
screening persists many years after screening
stops. We permuted the data in a number of dif-
ferent ways, over an observation period of
39 years, but the data show that, at least as yet,
there is no evidence of an effect of mammographic
screening on population-level breast cancer
mortality.
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