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The Collaborative Group on Hormonal Factors in Breast
Cancer has brought together and reanalysed the worldwide
epidemiological evidence on breast cancer risk and use of
hormonal contraceptives. Original data from 54 studies,
representing about 90% of the information available on the
topic, were collected, checked and analysed centrally. The
54 studies were performed in 26 countries and include a
total of 53,297 women with breast cancer and 100,239
women without breast cancer. The studies were varied in
their design, setting and timing. Most information came
from case-control studies with controls chosen from the
general population; most women resided in Europe or
North America and most cancers were diagnosed during
the 1980s. Overall 41% of the women with breast cancer
and 40% of the women without breast cancer had used
oral contraceptives at some time; the median age at first
use was 26 years, the median duration of use was 3 years,
the median year of first use was 1968, the median time
since first use was 16 years, and the median time since last
use was 9 years.

The main findings, summarised elsewhere,” are that
there is a small increase in the risk of having breast cancer
diagnosed in current users of combined oral contraceptives
and in women who had stopped use in the past 10 years but
that there is no evidence of an increase in the risk more
than 10 years after stopping use. In addition, the cancers
diagnosed in women who had used oral contraceptives

*Analysis and writing committee.
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tended to be less advanced clinically than the cancers di-
agnosed in women who had not used them.

Despite the large number of possibilities investigated,
few factors appeared to modify the main findings either in
recent or in past users. For recent users who began use
before age 20 the relative risks are higher than for recent
users who began at older ages. For women whose use of
oral contraceptives ceased more than 10 years before there
was some suggestion of a reduction in breast cancer risk in
certain subgroups, with a deficit of tumors that had spread
beyond the breast, especially among women who had used
preparations containing the highest doses of oestrogen and
progestogen. These findings are unexpected and need to be
confirmed.

Although these data represent most of the epidemiologi-
cal evidence on the topic to date, there is still insufficient
information to comment reliably about the effects of spe-
cific types of oestrogen or of progestogen. What evidence
there is suggests, however, no major differences in the ef-
fects for specific types of oestrogen or of progestogen and
that the pattern of risk associated with use of hormonal
contraceptives containing progestogens alone may be simi-
lar to that observed for preparations containing both oes-
trogens and progestogens.

On the basis of these results, there is little difference
between wormen who have and have not used combined
oral contraceptives in terms of the estimated cumulative
number of breast cancers diagnosed during the period from
starting use up to 20 years after stopping. The cancers di-
agnosed in women who have used oral contraceptives are,
however, less advanced clinically than the cancers diag-
nosed in never usets.
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Further research is needed to establish whether the as-
sociations described here are due to earlier diagnosis of
breast cancer in women who have used oral contracep-
tives, to the biological effects of the hormonal contracep-
tives or to a combination of both. Little information is as
yet available about the effects on breast cancer risk of oral
contraceptive use that ceased more than 20 years before
and as such data accumulate it will be necessary to re-
examine the worldwide evidence. CONTRACEPTION 1996;
54:15-000S

Introduction

The Collaborative Group on Hormonal Factors in
Breast Cancer was set up in 1992 with the aim of
bringing together, reanalysing and publishing the
worldwide epidemiological evidence on breast cancer
risk in relation to hormonal factors including hor-
monal contraceptives, hormone replacement therapy
and reproductive factors. Principal investigators of
epidemiological studies of hormonal factors in breast
cancer were identified from review articles, computer
searches and discussions with colleagues, and were
invited to collaborate. Preliminary results were dis-
cussed at meetings of collaborators in Oxford in Sep-
tember 1993 and in March 1995,

The findings for use of hormonal contraceptives
have been summarised elsewhere.! The main findings
are: first, there is a small increase in the risk of having
breast cancer diagnosed in women currently using
oral contraceptives or who had stopped use in the
preceding 10 years; and second, there is no evidence of
an increase in the risk of breast cancer 10 years or
more after stopping use. In addition, the cancers di-
agnosed in women who have used oral contraceptives
are less advanced clinically than the cancers diag-
nosed in women who have never used oral contracep-
tives.! This article describes the studies and women
included in the collaboration and presents further re-
sults on breast cancer risk in relation to hormonal
contraceptive use.

Materials

Collection of Data

Epidemiological studies that included at least 100
women with breast cancer and with information on
the use of hormonal contraceptives and on reproduc-
tive history were eligible for this review. Of the eli-
gible studies identified,>*° 54 (including two studies
that have not published results) were available for
this analysis.>~>3 Original data could not be retrieved
for 11 studies®*** and only one group of researchers
declined to participate in the collaboration.®® From
each case-control study, data for individual women
were sought on socio-demographic factors, family his-
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tory of breast cancer, height, weight, age at menarche,
reproductive history, use of hormonal contraceptives
and of hormone replacement therapy, menopausal
status, age at menopause, gynecological surgery, pre-
vious biopsies for benign breast disease, previous
mammographic examinations, and consumption of
tobacco and alcohol. Where possible, information on
tumour characteristics was obtained for women with
breast cancer. From prospective studies, similar infor-
mation was sought using a nested case-control design
in which four randomly selected controls were
matched to each eligible case by exact year of birth,
exact vear of entry into the study and broad geo-
graphical region. Individuals were eligible to serve as
controls only if they had never been diagnosed with
breast cancer but had been at risk of developing can-
cer as long as the corresponding case. As far as pos-
sible women could not serve as controls for more than
one case. The availability of data on individual
women permitted a wide range of consistency checks
to be performed. Apparent inconsistencies, implausi-

bilities or omissions were clarified and, where pos-

sible, rectified by correspondence. Investigators were
then supplied with summary tables and listings of the
variables that were to be used in the analysis for
checking. This process was repeated until no further
corrections were required. (
Definitions and Comparability of Variables Used
in These Analyses
“"Cases’” are women with invasive breast cancer and
““controls”’ are women without breast cancer. The
outcome variable in these analyses is breast cancer,
and where information was available, the tumours
were further subdivided according to whether they
were localised to the breast or had spread beyond it.
The variables relating to exposure to combined oral
contraceptives and to progestogen-only contracep-
tives were: ever use; age at first use; years since first
use; years since last use; total duration of use; use in
relation to childbearing; and specific brands used first,
last and for the longest period of time. Sequential and
phasic oral contraceptives were included with the
““"combined”’ type. Other variables that were used to
stratify data within studies were: age at diagnosis for
cases (or age at pseudodiagnosis for controls); total
parity {number of live and stillbirths); age when the
first child was born (live or stillbirth); history of and
age at tubal ligation; menopausal status; age at which
menstruation ceased and reason for its cessation
{natural menopause, hysterectomy, bilateral oopho-
rectomy or irradiation of the ovaries).

Information on most variables had been collected
in fairly comparable ways in most studies, or could be
derived simply, so that it was generally straightfor-
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ward to use the same definitions across all studies.
Where definitions of variables were similar, but not
identical, it was often still possible to derive compa-
rable groups. For example, in some studies informa-
tion had been collected about use of all types of oral
contraceptives without distinguishing between the
combined and progestogen-only types and for those
studies the data on “‘oral contraceptives”” were taken
to relate to the combined type. In other studies, de-
tails of past births had included information on live-
births but not on stillbirths and for those studies in-
formation on livebirths was taken to relate to live and
stillbirths. These conventions should not materially
alter the overall results because in studies where
these distinctions were made, around 99% of oral
contraceptive use was of the combined type, and
about 99% of all births were livebirths.

In cohort studies certain conventions had to be
adopted to allow the contraceptive history at the time
of diagnosis (or pseudodiagnosis) to be estimated from
the information last recorded. If less than two years
had elapsed between the last time that information
was collected and the date of diagnosis (or pseudodi-
agnosis) or if the woman was aged over 40 and not
currently using hormonal contraceptives at that time,
it was assumed that her use continued as had been
last recorded; otherwise her use was defined as un-
known.

In 27 studies, including 2 unpublished stud-
ies, information was available about the specif-
ic hormonal preparations used by each wom-
an.349,10,12,13,15,18,24-26,28,30,33,34,37,38,40,41,48-53 Ry
each of those studies, details of the specific type and
dose of oestrogen and progestogen in each contracep-
tive preparation were compiled centrally and cross-
checked against drug compendia and other listings of
the hormonal content of specific hormonal contracep-
tives. This information was used to construct a sum-
mary of the dose and type of oestrogen and of proges-
togen that each woman had first used, had last used
and had used for the longest period of time. For se-
quential and phasic preparations the dose of oestrogen
and of progestogen was estimated as the average daily
dose of oestrogen and of progestogen. For some analy-
ses preparations were grouped into three broad cat-
egories of dose: low, medium and high (containing
<50ng, 50pg and 50pg+ oestrogen, respectively]).

Information on tumour size, stage or spread was
available fOI' 24 Studiesl2,4/8,16,2(%23/25,30—35,37,43,48—50,52,53
of which 2 are unpublished, and this was used to clas-
sify the tumours as ““localised to the breast’ or
“spread beyond the breast.”” Direct information on
whether the tumour was localised or not was avail-
able for 19 studies; in 3 studies®*>*>2° the classifica-
tion could be based only on whether regional lymph
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nodes were involved; and in 2 studies®®*® it could be
based only on TNM stage,°® with stage I tumours
classified as “localised” and stage II, Tl and IV tu-
mours classified as having “spread.” Information on
distant metastases was available for all but one
study.*

Characteristics of the Studies and
the Women

The Studies

The 54 studies that contributed to the collaboration
are listed in Appendix I, together with details of their
design, the country or countries in which they were
performed, the method of obtaining information
about use of hormonal contraceptives, the median age
of the women when their breast cancer was diag-
nosed, the median year when the cancers were diag-
nosed, the number of cases and controls, the percent
in each group that had ever used combined oral con-
traceptives and the percent in each group of recent
users, i.e., women currently using oral contraceptives
or who had stopped using them within the last 5
years. The studies are grouped according to three
main types of design: prospective studies, case-
control studies with population controls and case-
control studies with hospital controls. Within each of
the three categories of study design, individual stud-
ies are listed in chronological order, according to the
median year when the cancers were diagnosed.

It can be seen in Appendix 1 that there is consider-
able variability in study design, in the countries
where the studies were performed, in the way that
information on oral contraceptive use was obtained,
in the ages of the women included, in the years when
the cancers were diagnosed and in the prevalence of
use of combined contraceptives. The studies were
conducted in 25 countries and most were case-control
studies with controls chosen from the general popu-
lation. Information about hormonal contraceptive use
was mostly obtained by interviewing subjects, but in
some studies, especially those of prospective design,
information was obtained from self-completed ques-
tionnaires and in a few studies medical records were
used. Sometimes more than one source was consulted
to obtain information about hormonal contraceptive
use.

The median year of diagnosis of breast cancer
ranged from 1974 to 1992 in the different studies (Ap-
pendix 1}. The overall median year of diagnosis was
1984 and the overall distribution of the year when the
cancers were diagnosed is shown in Table 1. Three-
quarters of the cancers (74%) were diagnosed during
the 1980s; 3% were diagnosed before 1975 and 13% in
1990 or later.
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Table 1. Distribution of year of diagnosis of breast cancer
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Table 3. Distribution of year of birth of women with in-

in cases vasive breast cancer (cases} and of controls
Year Cases Year of Birth Cases Controls
<1975 3% <1915 5% 5%
1975-79 10% 1915~ 7% 5%
1980-84 38% 1920~ 11% 10%
1985-89 36% 1925~ 14% 14%
1990-94 13% 1930~ 16% 17%
5 1935~ 15% 15%
Total 100% 1940 13% 12%
1945- 11% 10%
1950+ 8% 12%
The Women Total 100% 100%

Altogether data were available on 53,297 cases and
100,239 controls. The overall median age of the cases
and of the controls was 49. Table 2 shows the overall
age distribution of the cases and controls and it can be
seen that most women were aged between 35 and 64
(78% cases and 76% controls, respectively). Even
though the percentages of young women appear
small, the actual numbers are substantial. For ex-
ample, 4148 women with breast cancer were younger
than 35 and 1118 were younger than 30. The median
age at diagnosis for the women with breast cancer in
the different studies ranged from 32 to 69, indicative
of the different eligibility criteria with respect to age
of the individual studies. Appendix 2 shows the age
distribution of the cases and controls included in each
study.

The overall distribution of the year of birth of the
cases and the controls is shown in Table 3. Most
women {69% cases and 68% controls) were born be-
tween 1920 and 1944. Although only 8% of the
women with breast cancer were born in 1950 or later,
this represents 4579 women. The distribution of year
of birth of the cases and of the controls in each study
are given in Appendix 3.

In the entire study population, the proportion of
women who had ever used combined oral contracep-
tives was 41% in the cases and 40% in the controls.
Ever use of oral contraceptives was classified here as
unknown for 353 (1%} cases and 1109 (1%) controls,

Table 2. Distribution of age of women with invasive
breast cancer (cases) and of controls

Age Cases Controls
<25 1% 2%
25-34 8% 10%
35-44 25% 24%
45-54 33% 32%
55-64 20% 20%
65-74 12% 10%
75+ 1% 2%
Total 100% 100%

but this does not generally represent defective data.
Most of the “unknown’’ values were from prospective
studies, and according to the convention adopted for
these analyses {described in the Materials section),
certain women, if had been followed for more than
two years since the last date of known oral contra-
ceptive use, their use was defined as unknown.

In the individual studies, the prevalence of ever use
of combined oral contraceptives ranged from 2% to
92% among cases and from 4% to 91% among con-
trols {Appendix 1). This large variation in the preva-
lence of ever use from one study to another reflects
the range of ages and of years of birth of the women
and the different patterns of oral contraceptive use
between countries (Appendices 4 and 5). In Northern
Europe, North America, Australia and New Zealand
few women born before 1920 had ever used oral con-
traceptives; thereafter, the prevalence of ever use in-
creased rapidly for successive birth cohorts, such that
80% or more of the women born in 1945 or later had
used combined oral contraceptives at some time. In
many Southern European, Asian, Central and South-
ern American and African countries, there was little
oral contraceptive use by women who were born be-
fore 1930, and the prevalence of use increased in sub-
sequent birth cohorts with about half the women
born after 1945 having ever used oral contraceptives
(Appendix 5).

The prevalence of recent use of oral contraceptives
also varied markedly from one study to another,
largely reflecting the ages of the women included and
the overall prevalence of use in the country in which
the study was performed. Appendix 6 lists separately
for each study the age-specific prevalence of current
use or of use in the last 5 years among cases and
controls. For women aged under 35 in Northern Eu-
rope, North America, Australia and New Zealand
around a third to a half were recent users. For women
aged under 35 in other countries the percentages were
generally lower, reflecting the lower prevalence of
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ever use in those populations. At ages 35 and older the
prevalence of recent use was considerably lower than
at younger ages; and, as expected, almost none of the
women aged 55 or older had used oral contraceptives
in the preceding 5 years. Information on time since
last use of oral contraceptives was not available for 11
studies (see Appendix 6).

Pattern and Timing of Use of Combined
Oral Contraceptives

This section describes the pattern and timing of use of
combined oral contraceptives in the 22,000 women
with breast cancer and 40,000 controls who had ever
used them.

Distribution of Indices of the Timing of Use

Table 4 shows the overall distribution of the reported
total duration of use of combined oral contraceptives
in the cases and controls. About one-quarter of the
cases and of the controls who had used oral contra-
ceptives had done so for a total of less than a year and
the median duration of use among ever users was 3.5
years in cases and 3 years in controls. The distribu-
tion of the total duration of use reported among
women who had ever used combined oral contracep-
tives is shown for each study separately in Appendix
7. The entries in Appendix 7 are calculated separately
for cases and for controls, excluding women with
missing data.

Appendix 8 shows the distribution of total duration
of use, measured in months, up to 75 months. Both in
cases and controls there are sharp peaks at multiples
of a year, i.e, at 12, 24, 36, 48, 60 and 72 months. In
some studies total duration of use was recorded only
to the nearest year, but even where use was recorded
in months, there was a tendency to round to mul-
tiples of 12 months, presumably because it is difficult
for women to remember the exact number of months
that they had used oral contraceptives, especially if
use had ceased many years ago. Among women whose
total duration of use was reported to be less than a

Table 4. Distribution of total duration of use of combined
oral contraceptives in cases and controls who had used oral
contraceptives
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year, half (50% of cases and 50% of controls) had re-
ported durations of use of 3 months or less.

Another feature of the distribution of the reported
duration of use of oral contraceptives is the substan-
tial variation between studies in the frequency of use
lasting for short periods of time. For example, the
proportion of ever users whose reported total duration
of use was less than a year ranged from 2% to 73% in
cases and from 4% to 53% in controls, although
within studies the proportions were roughly similar
for cases and controls (Appendix 7). This wide range
of values is largely a consequence of differing defini-
tions of “ever use’’ between studies: in some studies
women were classified as an “ever user” if they had
ever taken oral contraceptive tablets regardless of
their duration of use, whereas in other studies women
were defined as an “ever user” only if they had taken
oral contraceptives for a minimum period of time,
such as 3 months. Where total duration of use was
recorded only to the nearest year it is not always clear
how women with very short durations of use were
classified. The implications for the main findings of
this lack of consistency between studies in the defi-
nition of ever use are discussed later.

Women began using oral contraceptives at a me-
dian age of 26 for both cases and controls. Table 5
shows the overall distribution of age at first use
among cases and controls who had ever used oral con-
traceptives and Appendix 9 shows the distribution of
age at first use separately for the cases and the con-
trols in each study. Overall, half the ever users began
use in their 20s (52% of cases and of controls), but
again the distribution varied markedly between stud-
ies, reflecting the age groups of the women included
and the years when the cancers were diagnosed.
Among women with breast cancer 2967 had begun
oral contraceptive use before age 20. Just over a quar-
ter of the cases and of the controls who had used oral
contraceptives had begun use while they were nullip-
arous (30% of the cases and 26% of the controls).

The median time since first use of oral contracep-
tives was 16 years in cases and 15 years in controls.
Table 6 shows the overall distribution of time since

Table 5. Distribution of age at first use in cases and con-
trols who had used combined oral contraceptives

Total Duration of Use Cases Controls Age at First Use Cases Controls
<1 year 23% 25% <20 15% 14%
14 years 36% 37% 20-24 30% 29%
5-9 years 26% 24% 25-29 22% 23%
10-14 years 12% 11% 30-34 16% 17%
15+ years 3% 3% 35+ 17% 17%
Total 100% 100% Total 100% 100%
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Table 6. Distribution of time since first use in cases and
contols who had used combined oral contraceptives
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Table 8. Distribution of year of first use in cases and con-
trols who had used combined oral contraceptives

Time Since Year of

First Use Cases Controls First Use Cases Controls
<5 years 4% 7% <1965 26% 26%
5-9 years 12% 14% 1965-69 39% 36%
10-14 years 25% 24% 1970-74 24% 23%
15-19 years 32% 29% 1975-79 8% 10%
20~-24 years 20% 19% 1980+ 3% 5%
25+ years % % Total 100% 100%
Total 100% 100%

first use in cases and controls and Appendix 10 shows
the distributions separately for cases and controls in
each study. About a quarter of the cases and controls
[27% and 26%, respectively) had begun use 20 or
more years ago. Again these percentages varied by
study, and, as expected, the studies conducted most
recently tended to include comparatively more
women who had begun use relatively long ago.

The median time since last use of oral contracep-
tives was 9 years for both cases and controls. Table 7
shows the overall distribution of time since last use
in cases and controls and Appendix 11 shows the dis-
tribution within individual studies. Overall 13% of
the cases and 13% of the controls who had ever used
oral contraceptives were current users and 28% of the
cases and 27% of the controls had used them in the
last 5 years, but again the percentages varied between
the studies, depending on the ages of the women in-
volved.

Two-thirds of the women had begun use before
1970 and just over a quarter last used them before
1970 (Tables 8 and 9). Relatively few women had be-
gun oral contraceptive use after 1980 and about one-
fifth had last used them after 1980 (Tables 8 and 9).
The median year of first use was 1968 for both cases
and controls, while the median year of last use was
1974 for cases and 1973 for controls.

Table 7. Distribution of time since last use in cases and
controls who had used combined oral contraceptives

Time Since

Last Use Cases Controls
Current* 13% 13%
1-4 years 15% 14%
5-9 years 23% 23%
10-14 years 24% 24 %
15-19 years 16% 17%
20+ years 9% 9%
Total 100% 100%

*Includes nse < months ago.

Relationships Between Indices of the Timing of Use
Variables that describe the timing of oral contracep-
tive use are highly correlated. This section describes
the relationships between four main indices of the
timing of use {duration of use, age at first use, time
since first use and time since last use) and illustrates
the potential for the association between breast can-
cer risk and each of these factors to be confounded by
the effects of the other factors.

Some indices of oral contraceptive use must, by
definition, be related. For example, time since last use
must necessarily be shorter than time since first use.
The fact that oral contraceptives have been available
only for a relatively short period of time and are used
only during a particular period in a woman’s life in-
duces further relationships between indices of the
timing of use. For example, women who had stopped
use long ago would not have had the opportunity to
have taken oral contraceptives for long durations.
Also, since oral contraceptives are typically used dur-
ing the reproductive years, women who started use as
teenagers or in their early 20s would have a greater
potential for long durations of use than women who
started use in their 30s or 40s.

Tables 10-13 summarise, for cases and controls
combined, the overall relationships between duration
of use, age at first use, time since first use and time
since last use. The chi-squared statistic of association
gives a measure of the magnitude of the correlations,
and since all are based on 4 degrees of freedom, the

Table 9. Distribution of year of last use in cases and con-
trols who had used combined oral contraceptives

Year of

Last Use Cases Controls
<1965 7% 7%
1965-69 20% 21%
1970-74 27% 27%
1975-79 25% 25%
1980+ 21% 20%
Total 100% 100%
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Table 10. Association of duration of use of combined oral
contraceptives with other indices of use
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Table 12. Association of time since first use of combined
oral contraceptives with other indices of use

Proportion in Each Duration of
Use Category With:

First Use First Last
Before Use 20+ Use <5
Duration of Use Age 20 Years Ago Years Ago
<1 year 9% 23% 15%
1-4 years 13% 24% 20%
5-9 years 19% 27 % 35%
10-14 years 17% 36% 50%
15+ years 16% 60% 66%
x> for association
(4 d.f) 584 1396 4406

values can be compared directly. The strongest asso-
ciation, i.e., the largest chi-squared values, are be-
tween time since first use and time since last use.
After this, the strongest associations are between du-
ration of use and the times since first and last use.
Age at first use, although significantly correlated with
all the other three factors, showed the weakest rela-
tionships with other indices. These results show that
in the overall data there is considerable scope for con-
founding between time since first and last use and
also between duration of use and time since first and
last use and, to a lesser extent, between age at first
use, duration of use and time since first and last use.

When tabulations of the type shown in Tables 10-
13 are restricted to certain subgroups of women, the
potential for confounding can be even more extreme
than indicated in the tables for all women. For ex-
ample, if analyses are restricted to current users of
oral contraceptives, time since first use and duration
of use are even more strongly correlated than in gen-
eral, and for current users whose use has been virtu-

Table 11. Association of age at first use of combined oral
contraceptives with other indices of use

Proportion in Each Age at First
Use Category With:

Total
Duration First Last
Age at of Use of Use 20+ Use <5
First Use 5+ Years Years Ago  Years Ago
<20 50% 26% 41%
20-24 41% 28% 29%
25-29 38% 30% 25%
30-34 38% 27% 26%
35+ 31% 21% 27 %
x> for association
{4 d.f.) 715 243 587

Proportion in Each Time
Since First Use Category With:

Total
Duration First Last

Time Since of Use of  Use Before Use <5
First Use 5+ Years Age 20 Years Ago
<10 years 20% 12% 69%
10-14 years 40% 15% 34%
15-19 years 45% 15% 18%
20-24 years 46% 15% 7%
25+ years 50% 13% 2%
x? for association

{4 d.f) 2186 49 11623

ally continuous, time since first use and duration of
use are essentially the same.

Patterns of Use by Age

The distribution of ever use of oral contraceptives,
and the distributions of the four main indices of tim-
ing of use, vary markedly by age (Table 14). The most
striking differences by age are in the proportion of
women who began use before age 20, and in the pro-
portion of recent users, both of which decrease rapidly
with age.

An additional consideration is that within certain
age groups the distribution of some indices of use is
severely restricted, partly due to the limited period of
availability of oral contraceptives and partly due to
the fixed age interval during which a woman is likely
to use them. This effect is most evident for age at first
use and time since last use. For example, most
women aged 45 and older could not have started using

Table 13. Association of time since last use of combined
oral contraceptives with other indices of use

Proportion in Each Time Since Last
Use Category With:

Total
Duration First First

Time Since of Use of  Use Before Use 20+
Last Use 5+ Years Age 20 Years Ago
Currentt 64% 23% 4%
1-4 years 57% 18% 6%
5-9 years 48% 14% 12%
10-14 years 34% 12% 23%
15+ years 16% 11% 64%
x* for association

(4 d.f.) 6191 628 13513

tIncludes use <12 months ago.
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Table 14. Age-specific distributions of ever use, duration
of use, age at first use, time since first use and time since
last use of oral contraceptives

Age
<35 35-44 45-54 55+
Ever use 62% 63% 41% 15%
Duration of use
<1 years 23 % 22% 27% 26%
1-4 years 43% 38% 34% 34%
5-9 years 27 % 26% 23% 21%
10-14 years 7% 11% 12% 14%
15+ years 0% 3% 4% 5%
Total 100% 100% 100% 100%
Age at first use
<20 42% 16% 1% 0%
20-24 43% 42% 15% 1%
25-29 13% 25% 29% 7%
30-34 2% 12% 28% 24%
35+ 0% 5% 26% 68%
Total 100% 100% 100% 100%
Time since first use
<10 years 52% 15% 10% 3%
10-14 years 39% 27% 18% 9%
15-19 years 9% 40% 31% 22%
20-24 years 0% 17% 29% 36%
25+ years 0% 1% 12% 30%
Total 100% 100% 100% 100%
Time since last use .
Current 35% 13% 5% 1%
1-4 years 28% 15% 10% 3%
5-9 years 26% 26% 21% 15%
10-14 years 10% 27% 28% 26%
15+ years 1% 19% 36% 55%
Total 100% 100% 100% 100%

oral contraceptives before age 25. Time since last use
is also restricted both for young and for old women, as
women aged under 35 are unlikely to have completed
their use of oral contraceptives more than 15 years
ago and women aged over 45 are unlikely to be cur-
rent users.

The restrictions in the patterns of use by age, illus-
trated in Table 14, have two main consequences.
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First, certain patterns of use will be associated with
certain age groups, and in some extreme cases, there
will be limited scope for comparing the effect of a
given pattern of use across age groups. For example,
the effect of durations of use of 15 years or longer or
of use that stopped more than 15 years ago cannot be
assessed in women aged under 35. Second, within age
groups, the degree of confounding between the indi-
ces of use can be even stronger than in general. The
data in Table 15 illustrate this effect, taking as an
example the correlation between duration of use and
the two indices of use described elsewhere as being
related to breast cancer risk, namely time since last
use and age at first use.’

Table 15 shows the association of total duration of
use with age at first use and time since last use in
women of two age groups: under 35 and 35 and older.
For women aged under 35, duration of use is highly
correlated both with age at first use and with recency
of use, the relationship being even stronger for the
joint distribution of age at first use and recency of use.
Among women aged 35 and over there is still some
confounding between duration of use and recency of
use, but the relationship between duration of use and
age at first use is much weaker than at younger ages.
Thus, for women aged under 35 there is scope for
substantial confounding in analyses of the effects of
duration of use unless the effects of recency of use and
age at first use are taken into account. For women
aged 35 and over the potential for confounding is less
severe.

In conclusion, not only is there more scope for con-
founding between the various indices of the timing of
use of oral contraceptives within specific age groups
than in the overall data, but analyses within specific
age groups can restrict the comparisons that are pos-
sible. In order to establish which aspects of hormonal
contraceptive use are directly related to breast cancer
risk, the approach in these analyses has been initially
to examine the relation between risk and various in-

Table 15. Association of duration of use of combined oral contraceptives with age at first use and time since last use, in

womnen aged <35 and 35+

Proportion in Each Age and Duration of Use Category With:

First Use Before

First Use Last Use Age 20 and Last
Before Age 20 <5 Years Ago Use <5 Years Ago
Duration of Use Age <35 Age 35+ Age <35 Age 35+ Age <35 Age 35+
<1 year 28% 5% 45% 8% 8% 0%
1-4 years 36% 7% 56% 11% 16% 0%
5-9 years 53% 10% 81% 24% 39% 1%
10-14 years 71% 11% 97 % 45% 68% 5%
15+ years 95% 15% 100% 65% 100% 12%
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dices of use in all age groups combined. Once the
main determinants of risk were identified, residual
effects for other aspects of use were sought and the
consistency of the results were examined in various
subgroups of women, including women of different
ages.

Statistical Analyses

Data from different studies are combined by the
““Mantel-Haenszel” stratification technique.®’ To en-
sure that women in one study are compared directly
only with similar women in the same study, all analy-
ses are stratified by study, as well as by other factors,
as described below. The stratum-specific quantities
that are calculated are the standard “Observed minus
Expected” (O-E) numbers of women with breast can-
cer, together with their variances and covari-
ances.®®® Use of these simple stratified O-E values in
preference to more mathematical models may sacri-
fice some statistical power, but has the advantage of
avoiding assumptions about the precise forms of any
relationships in the data.

The stratified O-E values, together with their vari-
ances and covariances, yield both statistical tests (p-
values) and statistical descriptions {odds ratios, sub-
sequently referred to as relative risks). To obtain
relative risk estimates from O-E values the ““one-
step” method is used and, in analyses involving com-
parisons of more than two groups, the confidence in-
tervals associated with these relative risks are
estimated by treating the relative risks as ‘“floating
absolute risks.”’® The use of floating absolute risks
does not alter the relative risks but does reduce the
variances attributed to those relative risks that are
not defined as one, and should greatly reduce un-
wanted covariances between them. A more detailed
description of these methods is given below.

The “‘One-Step Method”

As the name suggests, the one-step method involves
taking only the first step of the iterative procedure
that is normally used in conditional logistic regres-
sion. In the case of risk factors with only moderate
effects, that is, with associated relative risks of less
than about 2, this approximation yields results al-
most identical to those from the iterative method.
The advantage of the one-step estimate of the relative
risk is that it is related in a reasonably direct way to
the observed and expected numbers of cases. The fol-
lowing describes the method, and its application to
various types of analysis.

Two EXPOSURE GROUPS. Consider the simplest case
of unstratified data with just two exposure groups, A
and B. Let O denote the number of cases in group A,
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and let E denote the “expected” number of cases in
group A, i.e., the size of group A times the average
risk in both groups together. The one-step estimate of
the log of the relative risk for A versus B is log RR =
(O-E)/var(O-E), and the variance of this estimate is V,
where V is 1/var(O-E). Significance tests are based on
the ratio of the log relative risk to its standard error,
i.e., z = (log RR)/se{log RR), and tables of the standard
normal distribution are used to determine the corre-
sponding significance level. Appendix 12 shows an
example of these calculations using hypothetical data
on ever and never use of oral contraceptives from
within a single study.

STRATIFIED DATA. In these analyses the data are di-
vided into several strata with separate values of (O-E)
and of its variance, var(O-E), calculated for each stra-
tum. In this case an overall stratified estimate of the
relative risk can be obtained by simply applying the
procedure described above to the sum of the indi-
vidual {O-E) values and the sum of their variances.
Note that within each stratum, the var(O-E) is the
reciprocal of the variance of the log relative risk and
hence represents the amount of “information” in that
stratum about that log relative risk. The overall esti-
mate of the log relative risk is, therefore, a weighted
average of the individual log relative risks with indi-
vidual weights proportional to var(O-E), the informa-
tion content of the stratum. This “additive” property
of the (O-E} quantities and of their variances makes it
easy to see exactly how a particular stratum or study
contributes to the overall result and provides the
reader with the opportunity of examining the sensi-
tivity of the overall results by subtracting whatever
results they wish from the total. Appendix 13 illus-
trates how to use the method for combining data from
different strata and shows how to examine the sensi-
tivity of the overall result to the contribution from a
particular study or stratum.

MORE THAN TWO EXPOSURE GROUPS. In most analy-
ses, the exposure of interest has more than two cat-
egories. For example, time since last use of oral con-
traceptives is grouped into five categories: current
use, 1-4 years, 5-9 years, 10-14 years and 15+ years.
In this situation the method must be applied in vector
form. Suppose that, apart from the baseline group,
there are K other groups. Let (O-E) denote the vector
of their K observed minus expected values and let V
denote the inverse of the corresponding K x K vari-
ance-covariance matrix. The one-step estimator of
the K log relative risks is then obtained by multiply-
ing (O-E) by V and the variance of the vector of log
relative risk estimates is simply V. When the number
of exposure groups is greater than two a further re-
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finement can be made to the variance-covariance ma-
trix, V, and this is described below.

Refinement of Variance Estimates Using Floating
Absolute Risks

To explain the use of floating absolute risks in the
analysis of case-control data, it is helpful to consider
first the analysis of prospective data. Consider a co-
hort with one baseline group and K exposure groups.
In this case it is straightforward to estimate the log of
the probability of disease, o, (i =0, 1, ..., K) for each
of the K + 1 exposure groups and, because each «; is
estimated from a separate group of individuals, these
estimates will be completely independent with esti-
mated variances V; (i =0, ..., K).

With case-control data, however, it is not possible
to estimate the absolute probability of disease be-
cause of the way in which the data have been
sampled. Instead, the usual convention is to present
estimates of the risk in each exposure group relative
to some arbitrary “reference’” group which, by defini-
tion, has a relative risk of one. This results in esti-
mates of the log relative risks B,, B,, . . ., Bg, relative
to the baseline group. Thus if the group with sub-
script zero is chosen as the reference group then B; =
;- ag 1i=1,2,..., K, and their estimates will be
mutually correlated because they all involve a,. The
conventional estimate of the variance of B, is approxi-
mately equal to Vo + V; (i = 1,2, ..., K) which means
that if the chosen baseline group is very small, each of
the log relative risk parameters will have a large com-
ponent of variability due to V.

The main reason for adopting this relative risk ap-
proach is because the baseline probability of disease,
a, cannot be estimated from case-control data. How-
ever, even though the log absolute risks themselves
cannot be estimated, it is possible to estimate what
variances, V,, should be, including that for the base-
line group. The floating absolute risks approach still
sets the log of the baseline probability of disease, ay,
to zero, as in the conventional approach, but regards
the log relative risk estimates {B8;} as approximately
independent “floating log absolute risks” {a;}, with
variances {V,}. In other words, the log relative risk
estimates can be thought of as log absolute risks mea-
sured not from zero but from the unknown value of
ap. This modification does not alter the value of the
relative risk estimates, but it does reduce the vari-
ances attributed to them and allows them to be
treated as approximately independent estimates of
relative risk in tests of heterogeneity and trend. Of
course, if the baseline group is large enough then V,
will be negligible and this modification will have very
little effect on the final standard errors. An example
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of how to apply this method to the variances of rela-
tive risks associated with various categories of time
since last use of oral contraceptives is given in Ap-
pendix 14.

Stratification Procedure

Among the 54 studies that contributed to the collabo-
ration, there is considerable variability in the preva-
lence and pattern of oral contraceptive use (Appendi-
ces 4-7, 9-11). While much of this variability is due to
differences in the distribution of age, nationality and
calendar period of diagnosis of the women in the stud-
ies, some of it may well reflect less tangible differ-
ences among the study populations both in the
women themselves and in the way in which the stud-
ies were conducted. For this reason, women from one
study were only ever compared with similar women
from the same study and this was achieved by strati-
fying all analyses by study, and for multicentre stud-
ies by centre within study.

There are of course many other variables that could
conceivably confound the relationship between
breast cancer risk and hormonal contraceptive use
and that therefore need to be considered as possible
stratification factors. The most important of these is
age at diagnosis. Breast cancer risk increases rapidly
with age, the steepest increase occurring during a
woman's reproductive years, the period during which
she is most likely to use oral contraceptives. Data
were therefore stratified by single year of age up to age
65 and by 5-year groupings thereafter: 16, 17, ... 63,
64, 65-69, 70-74, 75-79, 80-84 and 85-89, cases and
controls below the age of 16 or above the age of 89
being excluded.

Of the other known risk factors for breast cancer,
variables relating to reproductive history are the ones
most strongly associated with pattern of oral contra-
ceptive use. Table 16 shows the overall distribution of
parity and Table 17 shows the distribution of the age
women were when their first child was born. The
distribution of these factors also varies according to
country of residence and year of birth (Appendices
15-17). The effect of a woman’s age when her first

Table 16. Distribution of parity in cases and controls

Parity Cases Controls
0 16% 14%
1 15% 13%
2 31% 27%
3 20% 20% .
4+ 18% 26%
Total 100% 100%
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Table 17. Distribution of women’s age when their first
child was born in cases and controls (parous women only)

Age at

First Birth Cases Controls
<20 12% 16%
20— 42,% 46%
25- 32.% 28%
30- 11% 8%
35+ 3% 2%
Total 100% 100%

child was born and of her subsequent parity on breast
cancer risk is shown in Appendix 18 for never users of
oral contraceptives. The results illustrate the strong
protective effect afforded to women who have their
first child at an early age and, within a given age at
first birth, the additional protection associated with
increasing parity. The corresponding association be-
tween reproductive history and ever use of oral con-
traceptives is also shown among controls. Overall,
parous women are more likely to have used oral con-
traceptives than nulliparous women and the probabil-
ity of ever use increases with increasing parity (Ap-
pendix 18).

The relative risk of breast cancer is also reduced
once a woman is no longer at risk of conception (i.e.,
is menopausal, has had a hysterectomy, bilateral oo-
phorectomy, or tubal ligation), and the relative reduc-
tion in risk tends to be greater the younger women are
when this occurs [Appendix 18). The likelihood of
ever having used oral contraceptives is also related to
the age at which a woman’s risk of conception ceases:

“the older she is when this occurs, the more likely she
is to have used oral contraceptives {Appendix 18).

The results in Appendix 18 demonstrate the asso-
ciations between reproductive variables both with
breast cancer risk and with various aspects of oral
contraceptive use. Some relationships are particularly
strong. For example, recency of use is more strongly
related to whether or not a woman is still at risk of
conception than is ever use (Appendix 18). Thus, con-
founding caused by reproductive variables may be
more extreme when examining risk associated with
specific indices of use than with ever use. Because age
at first birth, parity and the age at which a woman
ceases to be at risk of conception are closely related to
breast cancer risk and to various aspects of oral con-
traceptive use, all main analyses were routinely
stratified by these variables, according to the divi-
sions shown in Appendix 18.

Excessive stratification by factors that are not ac-
tually confounders for the association of interest can
lead to an appreciable decrease in the precision of the
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estimated effects, i.e., to a substantial loss of infor-
mation. Having established that time since last use is
the variable that most strongly relates oral contracep-
tive use to breast cancer risk, the effect of other po-
tential confounders on this main finding is examined
in detail in Appendix 19. This has been done using an
exact conditional logistic regression model in which
study, age at diagnosis, parity, age at first birth and
age at which risk of conception ceased were used to
define the strata, and additional adjustment for each
variable of interest was made by incorporating an ap-
propriate term in the model. This approach was used
because the data were already so finely stratified that
further stratification would have led to the loss of a
considerable amount of information. The results,
which when adjusted for only the routine stratifica-
tion variables are virtually identical to those obtained
using the one-step method, show that none of the
variables examined appeared to confound the rela-
tionship between breast cancer risk and time since
last use, so no additional adjustments were deemed
necessary.

Presentation of Results

Results are for the relative risk of breast cancer are
given as adjusted relative risks, the precise stratifica-
tion used being specified in each case. Due to the
large number of estimates involved, 99% confidence
limits are used. In general, the results are presented as
plots, with each relative risk plotted as a black square
whose area is inversely proportional to the variance of
the logarithm of the estimate, and hence is an indi-
cation of the amount of statistical information avail-
able for that particular estimate, i.e., the information
content. There are two main types of plot.

One type of plot describes a two-way comparison,
such as ever use versus never use, and gives O-E,
var(O-E) and the corresponding relative risk sepa-
rately for each of the studies with substantial
amounts of statistical information. The studies with
smaller amounts of statistical information are in-
cluded in the appropriate ““other”” category according
to their design. In this case the overall estimate is
calculated by using the sum of the study-specific val-
ues for O-E and var{O-E).

Another type of plot describes the results of cat-
egorical analyses involving more than two groups and
represents the aggregated results from all relevant
studies. This type of plot shows the relative risks for
each exposure category relative to the baseline cat-
egory together with the appropriate 99% confidence
interval using variance estimates based on the float-
ing absolute risk approach.”® Each point is accompa-
nied by two statistics: log RR/var(log RR), and 1/var-
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{log RR). The latter is the information content with
respect to the particular relative risk estimate and the
former is simply the log relative risk estimate
weighted by the inverse of its variance. Where the
confidence interval associated with the relative risk
estimate extends beyond the scale of the plot, this is
indicated by an arrow and where the confidence in-
terval is too wide there is sometimes insufficient
space to print the relative risk estimate and its stan-
dard error: in these cases, however, both the relative
risk and the standard error can be calculated directly
from the information given, i.e., for two-way plots
from the relevant O-E and var{O-E), as described in
Appendix 12, or if the analysis involves more than
two exposure groups, from the relevant log RR/var
(log RR) and 1/var (log RR]). Heterogeneity between
relative risk estimates and, where appropriate, linear
trends in relative risks are assessed by the usual ““chi-
squared” statistics. Appendix 20 shows an example of
this type of presentation based on the results in Ap-
pendix 14, together with an illustration of some ways
in which the statistics presented can be used.

Where results are presented in tabular form, only
summary information is given and the relative risk
estimates and their standard error are based on con-
ventional methods rather than the floating absolute
risks approach. Where 1/var {log RR], i.e., the ““infor-
mation content,” for a particular estimate is less than
20.0, the result is considered to be based on “insuffi-
cient data” for the point estimate to be presented.

Breast Cancer Risk and Use of Combined
Oral Contraceptives

This section describes the results relating to various
aspects of oral contraceptive use and examines the
consistency of the main findings within women of
different characteristics. Patterns of risk are also pre-
sented separately for cancers localised to the breast
and for more extensive disease. The analyses include
52,925 women with breast cancer and 99,018 controls
(22 cases and 125 controls having been excluded be-
cause they were aged under 16 or 90 or older and a
further 350 cases and 1096 controls having been ex-
cluded because their use of oral contraceptives was
classified as unknown).

An important consideration in these analyses is
what the definition of an “‘ever user” is and how that
definition might affect the conclusions. Many women
have used oral contraceptives for only a few months
or even less, and there are differences between studies
in whether such women are actually defined as “ever
users.” This is reflected in the substantial variation
between studies in the proportion of women reported
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to have used oral contraceptives for less than a year
(Appendix 7) and the fact that among such women,
50% had reported durations of use of 3 months or less
(Appendix 8). Reporting of use for short durations is
common, especially among women whose last use of
oral contraceptives was long ago: the proportion of
users whose total duration of use was reported to be
12 months or less was 17% for women who stopped
use less than 10 years ago, 35% for women who
stopped use 10-19 years ago, and 62% for women who
stopped use more than 20 years ago. Given the large
proportion of women who stopped use long ago whose
reported duration of oral contraceptive use is less
than a year and the fact that such use is likely to have
been very brief, even a slight tendency for cases to
recall such use more often than controls could poten-
tially bias the results.

Although there is no way of knowing whether the
different definitions of ever use between studies or
the differential recall of short durations of use by
cases and controls have biased the results, their pos-
sible effects on the main findings have been examined
here by performing sensitivity analyses in which ever
users are defined firstly as women with any reported
use of oral contraceptives and secondly as women
with durations of use of more than 12 months (in
which case women with durations of use of 12
months or less are reclassified as never users). Results
that are comparatively unaffected by the reclassifica-
tion of short duration users are considered more trust-
worthy than results that vary according to the ap-
proach used. Such sensitivity analyses are designed to
explore the possible biases within the data, not to
investigate the effects on breast cancer risk of oral
contraceptive use that lasted more than a year.

Recency of Use

Recency of use is the aspect of oral contraceptive use
most strongly related to breast cancer risk.! That re-
lationship is illustrated in Appendix 21 which shows,
for single years of time since last use up to 20 years,
the number of cases and controls and the associated
relative risk of breast cancer. It can be seen that the
relative risk is significantly elevated in current users
and remains above 1.0 until about 10 years after ces-
sation of use.

Figure 1 contrasts the results according to time
since last use of oral contraceptives, using two differ-
ent definitions of ever-use: in Figure 1a women with
durations of use of 12 months or less are included
among the ever users and in Figure 1b they are in-
cluded among the never users. The overall pattern of
risk with time since last use is virtually unchanged by
the reclassification, as is the information content of
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(a) All Users

Statistics
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(b) Users With Total Duration of Use >1 Year

Statistics

et
i Relative Risk* InRR 1 Relative Risk’

Time Since InRR_. 1 _InRR__ ,
Last Use cases/Controts var(InRR) var(inRR) RR & 99% Ci RR1SD cases/Controts  var{InRR) var(InRR) RR & 99% CI RR+SD
Never 28200/55220 0-0 54210 1.00+ 0.014 32775/64839 0.0 7063.2 1.00+0.012
Current 2356/4328  180-1 845.7 1,241 0.038 200003778 1605 7931 1,22+ 0.039
14 years ago 2717/4851 1586 11033 = 1.152 0.032 2371/3882 1352 955-0 = 1.15+0.035
5-9 years ago 423977688 1287 18822 1.07+0.024 3486/5973 87-1 1545-0 1.06+ 0.026
10-14 years ago 4384/8182  -345 20236 0.98+ 0.022 3196/5728  -599 1482-0 0.96+ 0.025
15-19 years ago 2981/5585 128 1301.2 1.01+0.028 1723/3264 -14.9 7761 0.98+ 0.036

. . 1.03+ 0.065
20+ years ago 1453/2700 44.8 5642 1.08% 0.044 579/1090 80 24141

L x L .
L . . -
0.0 0.5 1.0 1.5 2.0
0.0 0.5 1.0 1.5

*Relative to never users, stratified by study, age at diagnosis, parity, age at first birth and age at which risk of conception ceased. ) o )
t Relative to never users and users with a total duration of use <12 months, stratified by study, age at diagnosis, parity, age at first birth and age at which risk of conception ceased

Figure 1. Relative risk of breast cancer by time since last use of combined oral contraceptives.

the data, i.e., 1/var (log RR) (see Statistical Analysis
section) for women who stopped use up to about 10
years before. For use that stopped 10 or more years
before, however, the numbers of cases and controls
and the information content of the data is substan-
tially reduced when women with short durations of
use are classified as never users. It can be seen that
the results for use that ceased 20 or more years ago are
particularly sensitive to how short duration users are
classified, and the paucity of information in that cat-
egory for women with reported use of more than a
year is evident. The relative risk estimate at all but
one level of time since last use is very slightly lower
when women with short durations of use are classi-
fied as never users than when they are classified as
ever users. Therefore, the different definitions of ever
use between studies and the possible differential re-
porting of short durations of use by cases and controls
does not appear to have affected the main conclu-
sions, i.e., of an increased risk in recent users but no
elevation of risk in past users, but they may have
inflated the relative risk estimates very slightly at
each level of time since last use. In addition, results that
pertain to use that stopped many years ago are espe-
cially sensitive to the way in which ever-use is defined.

Appendices 22 and 23 show for individual studies
the relative risks associated with recent use of oral
contraceptives and use that ceased 5 or more years
ago, respectively. Reclassification of short duration
users as never users made little difference to the het-
erogeneity between studies or study designs, but
slightly reduced the relative risk estimate associated

with use that ceased 5 or more years ago (Appendix 23).
Appendix 24 shows age-specific results for time since
last use, using the two definitions of ever-use. Again,
the results are little affected by how ever-use is defined.

Duration of Use

Appendix 25 shows the distribution of single years of
total duration of use of combined oral contraceptives,
up to 15 years, and the associated relative risks. Most
relative risks tend to be slightly above 1.0. There is a
weak trend of increasing risk with increasing dura-
tion of use, but once time since last use is taken into
account there is no evidence of a residual effect of
total duration of use.! Because breast cancer risk is
related to recency of oral contraceptive use, it is pos-
sible that only durations of continuous, or fairly con-
tinuous, recent use are relevant. Breast cancer risk
was therefore examined in relation to duration of use
among women whose entire use of oral contracep-
tives was continuous or interrupted by only 24
months or less, excluding pregnancies (Appendix 26).
Within each level of time since last use there was no
significant heterogeneity or trend in the risks associ-
ated with different durations of continuous use. Fur-
thermore, among current or recent users, it is difficult
to distinguish the effect of long durations of continu-
ous use from that of beginning use at a very early age.

Age at First Use
The overall distribution of age at starting use of com-
bined oral contraceptives and the associated relative
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risks of breast cancer are shown in Appendix 27 for
single years of age at starting. Women began use at a
wide range of ages and there is a considerable amount
of information available for use starting at age 16 or
younger up to age 40 or older. The most commonly
reported age at starting is 20, and this in part reflects
the tendency for women to round up or down to that
age. The relative risk of having breast cancer diag-
nosed tends to be slightly greater than 1.0 for all ages
at starting, and to be somewhat larger for women who
started use as teenagers.

Appendix 28 shows detailed results for use begin-
ning at single years of age from 17 up to 21, according
to time since last use of oral contraceptives. In cur-
rent users and women who stopped use 1-4 years ago,
the relative risks of having breast cancer diagnosed
increase significantly the younger women were at
first use, and these trends are not materially affected
by the way short duration users are classified. By con-
trast, for women who stopped use 5 or more years ago,
the trend with age at first use is not statistically sig-
nificant and any apparent increased risk associated
with use beginning at young ages is diminished when
short duration users are classified as never users. It
can be seen in Appendices 27 and 28 that overall, and
within most levels of time since last use, there is an
apparent step down in the relative risk of breast can-
cer between first use at age 19 and age 20 which is
more marked than the differences in risk between
first use at other adjacent young ages. The step down
in the relative risk between ages 19 and 20 is less
likely to be due to biological differences which exist
only between ages 19 and 20 than to slight differential
reporting of age at first use between cases and con-
trols. To investigate whether such biases might effect
the results, analyses were performed grouping age at
first use as <21, 21-25, 26-30, and 31+ and the results
are contrasted with those in which age at first use was
grouped as <20, 20-24, 25-29 and 30+ (Appendix 29).
These analyses were also repeated classifying ever us-
ers as women with a reported duration of use of more
than 12 months. It can be seen in Appendix 29 that no
matter what grouping of age at first use or whatever
definition of ever use is applied, among current users
and those whose last use was 1-4 years ago, the rela-
tive risk of breast cancer associated with use at early
ages, i.e., at ages <20 or <21, is elevated although the
relative excess is not as marked for the group aged <21
as for the group aged <20. By contrast, for women
whose last use was 5 or more years ago, the results are
sensitive to the way both early use and ever use is
defined. For example, for women whose last use was
15+ years ago the relative risk estimate for use begin-
ning at young ages ranged from 1.14 (SD 0.08) to 0.89
{SD 0.07), depending on the definitions used. The ap-
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parently high relative risk of breast cancer for women
in this subgroup with short durations of use begin-
ning at an early age may well be due to differential
reporting by cases and controls of brief use at early
ages that ceased long ago, especially since there is no
excess risk associated with use of longer durations
{Appendix 30).

Appendix 31 shows that among women who began
use at early ages the relative risk of breast cancer
associated with use in the last 5 years tends to be
higher the younger the women are when their cancer
is diagnosed, regardless of the definition of early use
or of ever use. Where use stopped 10 or more years
ago, however, the results are sensitive to the way in
which early use and ever use is defined and overall
there is no consistent evidence of an elevated risk of
diagnosis of breast cancer at any age for women who
began use at young ages, although there is only a lim-
ited amount of information available for women aged
45 and older.

Within each time since last use category there is no
statistically significant trend in the risk of having
breast cancer diagnosed according to duration of use
in women who started use either before age 20 or at
older ages, irrespective of the way in which ever use is
defined (Appendix 32). Nor is there any statistically
significant trend with duration of use within specific
age groups, either for women who began use before
age 20 or at older ages [Appendix 33). The restrictions
of the available age-specific information according to
age at first use and duration of use can be seen in
Appendix 33.

Age at first use of oral contraceptives is closely re-
lated to the time between menarche and first use.
Appendix 34 shows the relationship between the risk
of having breast cancer diagnosed and time between
menarche and first use of combined oral contracep-
tives. Among current and recent users, women who
started use within 5 years of their menarche have the
highest relative risk of breast cancer, but the magni-
tude of the excess is not as large as that attributed to
teenage use shown in Appendices 28 and 29 and there
is no significant heterogeneity in the results. For
women who had stopped use five or more years be-
fore, there is no evidence of an excess risk of having
breast cancer diagnosed among women who had
started use soon after their menarche.

In summary, among current and recent users the
relative risk of having breast cancer diagnosed is
greater among women who began use at young ages,
i.e., as teenagers, than among women who began use
at later ages. Although the magnitude of this excess is
sensitive to the way use at young ages is defined, with
the results being most extreme when it is defined as
"‘use beginning before the age of 20,” the association
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persists regardless of how early use or ever use is de-
fined. By contrast, among women whose use ceased
many vears ago the relative risk of breast cancer as-
sociated with use beginning at young ages is sensitive
to the way both early use and ever use are defined, and
there appears to be some differential reporting be-
tween cases and controls of short durations of use
beginning at young ages. Overall, however, 10 or
more years after cessation of use there is no consis-
tent evidence of an increased risk of breast cancer in
women who began use at young ages. Most informa-
tion about women who began use at young ages is
derived from women aged under 45 when their cancer
was diagnosed. For women aged over 45 the limited
available information does not suggest an increased
risk of breast cancer associated with use beginning at
young ages, but as more data for women aged over 45
accumulate in the future, it will be necessary to re-
examine the worldwide evidence. When this is done
it will be important to bear in mind that there might
be differential reporting of brief use at young ages,
especially where use is reported to have ceased many
years ago.

Use in Relation to Childbearing

It is known that breast cancer risk is affected by a
woman’s reproductive history (Appendix 18). While
stratification for various aspects of reproductive his-
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tory should eliminate confounding due to those vari-
ables, it is of interest to examine whether the results
relating to oral contraceptive use are consistent
among women with different patterns of childbear-
ing.

Nulliparous women have a higher risk of breast
cancer than parous women (Appendix 18). They also
constitute a special group in that there is no oppor-
tunity for the effects of their oral contraceptive use to
be modified or confounded by their pattern of child-
bearing. It is worth noting, therefore, that when nul-
liparous women are examined separately, their pat-
tern of risk in relation to time since last use of oral
contraceptives is similar to that observed for parous
women (Figure 2.

Parous women have lower risks of breast cancer
than nulliparous women and their risk declines with
decreasing age at first birth and with increasing parity
(Appendix 18). The decline in breast cancer risk with
time since last use of oral contraceptives is evident
for all parous women (Figure 2) and for women who
had their first child at different ages and for women
who had different numbers of children {Appendix 35).
Although there is some evidence of heterogeneity in
the relative risks by parity among women who
stopped use 5-9 years ago, this could well be due to
chance since similar patterns were not seen for the
relative risks-associated with other periods since last
use.

Nulliparous Parous
Relative Risk* Relative Risk*
Time Since o Ol RRSD
Last Use Cases/Controls RR & 99% ClI RR+SD Cases/Controls RR & 99%
22823/44942 1.00£ 0.015
Never 5145/9653 . 1.00+ 0.040
Current 517/889 —l—— 130+ 0.089 1814/3407 B 100
1-4 years ago 430/667 4. 1.15+ 0.083 2274/4168 = 1.16 0.035
5-9 years ago 505/722 —L—— 1.03£ 0069 7106943 10720025
10-14 years ago 439/560 —— 0.98+ 0.075 3921/7600 0.98+ 0.023
15+ years ago 372/516 —— 1.04+ 0.091 4042/7734 1.03+ 0.026
L .3 1 J | - 1 1 3
0.0 0-5 1-0 1.5 2.0 0.0 05 1.0 1.5 2.0

*Relative to never users, stratified by study, age at diagnosis, parity, age at first birth and age at which risk of conception ceased.

Figure 2. Relative risk of breast cancer by time since last use of combined oral contraceptives in nulliparous and parous

women.
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The pattern of risk by time since last use of oral
contraceptives is similar for women who began use
before the birth of their first child and for women who
began use after the birth of their first child, both pat-
terns being similar to that seen for nulliparous
women.! In addition, breast cancer risk is not related
to the duration or timing of use of oral contraceptives
while a woman is nulliparous. Appendix 36 shows the
relative risk of breast cancer according to time since
last use and duration of use of oral contraceptives
while nulliparous, the data for nulliparous and parous
women having been combined because there were no
differences between the patterns of risk between the
groups. Even where 5 years of nulliparous use had
been completed 15 or more years before the diagnosis
of breast cancer, there is no evidence of an increase in
breast cancer risk (Appendix 37). Nor were the find-
ings according to age at first use explained by use
while nulliparous: Appendix 38 shows detailed analy-
ses of breast cancer risk according to time since last
use of oral contraceptives, age at first use, parity at
tirst use and total duration of use.

There was, however, some suggestion that the tim-
ing of childbearing might modify the risks associated
with recent oral contraceptive use, with the relative
risk of breast cancer being greater for women whose
last birth was within the last 15 years than for women
whose last birth was more than 15 years ago (Figure
3). Similar patterns were also seen with time since
first birth, but the trends in relation to the first birth
were not as strong as in relation to the last birth (Ap-
pendix 39). The effects of the timing of childbearing
on the relative risks associated with recent use ap-
peared to be independent of a woman’s age when her
cancer was diagnosed {Appendix 40).

(a) Last Birth <10 Years Ago

Time Since
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Appendix 41 shows an analysis of the relative risk
of breast cancer by age at first use and time since last
use of oral contraceptives in nulliparous women and
in parous women who had a birth <15 years and 15+
years before. In recent users who began use before age
20 there is considerable heterogeneity in the risk ac-
cording to the timing of childbearing (X* on 2 d.f. =
9.6; p = 0.008), but for women who began use after
age 20 or older, the heterogeneity is less marked (X*
on 2 d.f. = 5.0; NSJ. It can be seen, however, that very
few recent users who began oral contraceptive use
before age 20 had their last birth more than 15 years
ago.

In summary, these results suggest that childbearing
patterns and the timing of use of oral contraceptives
in relation to childbearing do not have a major effect
on the relative risks associated with recent or past
oral contraceptive use. Timing of the last birth is the
only factor that appeared to modify the magnitude of
the relative increase in breast cancer risk among re-
cent users, with the relative risk of breast cancer as-
sociated with recent use of oral contraceptives being
higher for nulliparous women and women whose last
birth was less than 15 years ago, especially where use
began before age 20. However, even with the large
amount of information available here, it is impossible
to disentangle the exact nature of the effects of age at
first use, age at diagnosis and timing of childbearing
on the relative risk of breast cancer in recent users.
Nor is it possible to rule out the possibility that these
findings are due to chance.

Age at Last Use
The distribution of age at last use of combined oral
contraceptives in cases and in controls and the corre-

(b) Last Birth 10-14 Years Ago (c) Last Birth >15 Years Ago

Relative Risk* Relative Risk" Relative Risk*
Last Use Cases/Contrels RR & 99% Ci RR1SD Cases/Controls RR & 99% ClI RR+SD Cases/Controls RR & 99% CI RR1SD
Never 1312/2463 -L— 1.00£0.054  1527/2075 1.00+ 0.055 11820115676 1.00+ 0.024
Current 742/1290 —MW— 13120072 273/383 [ 1.33:0.126
3701457 1.00+ 0.087
1-4 yaars ago 8571275 —l—  1.30:0.067 348/468 %  125:0104
5601723 0.98+ 0.067
5-9 years ago 1127/1549 1.09+ 0.050 600/330 1.07x0.071
1166/1522 1.041 0.048
10~14 years ago 814/1040 1.02+ 0.058 858/1135 0.97+ 0.056
1399/1894 0.941 0.041
15+ years ago 379/421 —-— 1.14x0.103 5659/662 0.96x 0.079
2101/2654 1.02+ 0.040
i 2 N ; L
. L L s
0-0 0.5 1.0 1.5 2.0 0.0 0.5 10 15 20
0.0 05 10 15 2.0

Test for heterogeneity:
Test for trend:

X2 (4df) = 14.1 ; p=0.007
X {1df)=9.8 ; p=0.002

X2 (4df) = 11.7 ; p=0.02

X? (4df) =35 ;NS
X2 (1) = 10.0 ; p=0.002

X*(1dhy=00 ;NS

“Relative to never users, stratified by study, age at diagnosis, parity, age at first birth and age at which risk of conception ceased.

Figure 3. Relative risk of breast cancer by time since last use of combined oral contraceptives in parous women, according

to time since last birth.
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sponding relative risks are shown in Appendix 42.
Overall, the older women were when they stopped
using oral contraceptives, the greater the relative risk.
Once time since last use is taken into account, how-
ever, there is no significant variation in risk by age at
last use (Appendix 43). It can be seen in Appendix 43
that two thirds of the information about current use
is for women aged 35 or older at last use and one third
is for women aged 40 or older at last use. In recent
users who started use before age 20, the relative risks
tended to be greater the younger the women were
when use stopped [Appendix 44). In recent users, age
at last use is closely correlated with age at diagnosis
and the findings in Appendix 44 are indicative of the
effects already described, namely, that among recent
users who began use at early ages, the relative risk
tends to be higher while women are young {Appendix
24) and to decline with time since last birth (results
are summarized in Table 18). For women who stopped
use 5 or more years ago, there is no clear pattern of
risk with age at stopping use.

Time Since First Use
The distribution of time since first use in cases and
controls and the associated relative risks are shown in
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Appendix 45. Most relative risks were greater than
1.0, and they tend to be highest of all around 10 years
after starting use. Thereafter the relative risks fall,
returning to around 1.0 at about 20 years after first
use. When the data are subdivided by time since last
use and, in recent users, by age at first use there is
little residual effect of time since first use, except
perhaps in recent users who began use before age 20
(Appendix 46). The decline in risk with time since
first use in recent users who began use before age 20
is a reflection of the declining risk with age at diag-
nosis, with age at last use and with time since last

birth (Table 18).

Year of First and Last Use

Most women included in these analyses had begun
taking oral contraceptives before 1970 and had ceased
use before 1980. There was some heterogeneity of risk
by year of first use (Appendix 47) and a strong trend of
increasing risk with increasing year of last use {Ap-
pendix 48). The trend with year of last use is largely
explained by the fact that women who stopped use in
recent years are likely to be recent users [Appendix
49). Once account is taken of time since last use,

Table 18. Relative risk of breast cancer in recent users of combined oral contraceptives by age at first use and other factors

RR* = SD
Associated with Recent Uset
of Oral Contraceptives in Women
Who Began Use Before Age 20

RR* = SD
Associated with Recent Uset
of Oral Contraceptives in Women
Who Began Use at Age 20 or Older

Age at diagnosis

<30 1.95+0.217 1.14+0.160
30-34 1.54+0.132 1.13 £0.092
35-39 1.27 £0.128 1.16 £ 0.074
40+ insufficient data 1.16 +0.042

Test for trend

Age at last use
<25
25-34
35+

Test for trend

Time since first use
<10 years
10-14 years
15+ years

Test for trend

Childbearing history

nulliparous

last birth <15 years ago

last birth 15+ years ago
Test for heterogeneity between all women
Test for heterogeneity between parous women

x> (L df)=5.1;p=002

¥ (1 df) =55 p=002

x> (1df)=3.7:p=006

x? (2 d.f) = 9.6; p = 0.008
x> (1df)=6.4:p=0.01

¥ (1df)=00: NS

2.00+0.284 1.19+0.229
1.58 £ 0.088 1.16 £0.056
1.424£0.134 1.14 +0.047

x* (1 df)=0.1, NS

1.854£0.198 1.16 £0.044
1.66 +0.116 1.22 £0.052
1.40 £0.097 1.08 £0.056

x> (1 d.f.) = 0.6; NS

1.76 £0.150 1.08 £ 0.080
1.46 £0.098 1.21£0.061
0.71 £0.233 1.00 £ 0.063

x2 (2 d.f) = 5.0, NS
Y2 {1df) =49, p=003

*Relative to never users of combined oral contraceptives, stratified by study, age at diagnosis, parity, age at first birth, and age at which risk of conception

ceased.
tRecent use denotes current use or use which ceased <5 years ago.
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there are no statistically significant residual trends
with year of last use.

Women with Different Characteristics

Various factors, such as a family history of breast can-
cer, are known to affect breast cancer risk, and al-
though not confounded with oral contraceptive use,
they need to be considered as potential modifiers of
the effects of oral contraceptive use. Appendix 50
shows the relative risk of breast cancer associated
with recent and past oral contraceptive use for vari-
ous subgroups of women. There is little evidence of
variation in the relative risks associated with any pat-
tern of oral contraceptive use according to the wom-
an’s characteristics, with none of the 43 tests for
trend or heterogeneity shown in Appendix 50 being
statistically significant. A global test for heterogene-
ity for all the results in Appendix 50 yields a non-
significant chi-square statistic of 59.4 on 63 degrees of
freedom, which is in line with what would be ex-
pected if there were no heterogeneity in the effects of
oral contraceptives on the relative risk of breast can-
cer by any of these characteristics.

Tumour Spread

The pattern of an excess risk of breast cancer in cur-
rent users, with the relative risk declining with time
since stopping use, is seen both for cancers that are
localised to the breast and for cancers that have
spread beyond it (Figures 4 and 5). At each level of
time since last use the relative risk is, however, larger
for women with localised disease than for women
with more extensive disease. When women with lo-
calised disease and women with extended disease are

(a) Relative risk of cancer localised to
the breast compared to no cancer

(b) Relative risk of cancer that had
spread beyond the breast compared
to no cancer
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compared directly, a relative deficit of disease which
had spread beyond the breast among ever users is
found at each level of time since use and the magni-
tude of the deficit does not vary significantly with
time since last use of oral contraceptives (x> for het-
erogeneity on 4 d.f. = 6.2; NS). Overall, the relative
risk of disease that had spread beyond the breast com-
pared to localised disease in ever versus never users is
0.88 (2p = 0.002).

Similar results with respect to tumour spread were
found when the analyses were repeated with users of
durations of 12 months or less classified as never us-
ers (Appendix 51). The excess risk of breast cancer in
recent users who began use before age 20 is evident
both for localised and more extensive disease, regard-
less of how short duration users are classified {(Appen-
dix 52) and within each category of time since last use
there is no significant trend with duration of use ei-
ther for localised disease or for disease which had
spread beyond the breast {Appendix 53).

The question of whether the relative excess of lo-
calised disease and the relative deficit of more exten-
sive disease is a consequence of earlier diagnosis of
breast cancer in women who have used oral contra-
ceptives cannot be answered directly from these data.
Increased surveillance for breast cancer while women
are currently using oral contraceptives is unlikely to
be the sole explanation for the findings because the
relative excess of localised cancers is no greater in
current users than in past users (Figure 4c). Further-
more, indirect evidence based on the reporting of past
mammographic examinations among controls does
not suggest that mammographic screening is more
frequent among current or recent users than never
users (Appendix 54). Information on whether women

(c) Relative risk of cancer that had spread
beyond the breast compared to
localised cancer

Time Since Localised Relative Risk* Spread Relative Risk* Spread Cases/ Relative Risk*

Last Use Cases/Controls RR & 99% C! RR+SD Cases/Controls RR & 99% Cl RR1SD Localised Cases RR & 99% Cl RR1SD
Never 5628/31521 1.00x 0.025 4571/31521 1.00x 0.028 457175628 1.00x 0.036
Current 7473114 - 1.241 0.062 50173114 1,104 0.067 501/747 0,852 0.070
1-4 years ago 886/3399 ‘.‘ 1.16+ 0.051 583/3399 1.08+ 0.058 583/886 0.86x 0.061
5-9 years ago 1441/5452 1.06+ 0.036 1037/5452 0.96£0039  1037/1441 0.94x 0.047
1014 ysars ago 1606/5977 0.97+ 0.033 1117/5977 0.91+ 0.036 1117/1606 0.90£ 0.045
15+ years ago 1684/5876 . 1.13£0.039 1053/5876 ogss00ap 1051684 = 0.792 0.047

‘ * * ‘ 0.0 0.5 1-0 15 2.0
0.0 05 1.0 1.5 2.0 0-0 0-5 1.0 1.5 2.0

*Relative to never users, stratified by study, age at diagnosis, parity, age at first birth and age at which risk of conception ceased

Figure 4. Relative risk of localised cancer and cancer that had spread beyond the breast by time since last use of combined

oral contraceptives.
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*Relative risk (given with 95%Cl) relative to never use, stratified by study, age at diagnosis, parity, age at first birth, and age at which risk of

conception ceased.

Figure 5. Relative risk of breast cancer by time since last use of oral contraceptives, according to the extent of tumour

spread.

had a mammogram in the past was available for 19
studies, > ®2031,32,37,40,42,43,45,47-50,52,53 o which 2 are
unpublished, and Appendix 54 shows the relationship
among controls between this variable and time since
last use of oral contraceptives. There is significant
heterogeneity in the proportion of women who re-
ported having had a mammogram by recency of use,
with higher proportions of past users of oral contra-
ceptives having had a mammogram. The results in
Appendix 54 offer only indirect evidence about the
possible effects of different surveillance patterns, and
merit further investigation. They do not, however,
provide an explanation for the elevated risk of breast
cancer among recent users.

Another consideration is that women with higher
levels of education may have their breast cancers di-
agnosed earlier, and that the results are in some way
confounded by educational level. Appendix 55 shows
results for the relative risk of both localised and more
extensive disease by time since last use of oral con-
traceptives and by years of schooling. Among never
users it can be seen that high educational level is
associated with an increased risk of diagnosis of loca-
lised disease which is consistent with the idea that

women of higher educational level have their cancers
diagnosed earlier. However, the fact that the patterns
of risk of localised and more extensive disease with
time since last use were apparent in women with
both high and low education level seem to indicate
that those effects are not a result of confounding be-
tween oral contraceptive use and education level.

In conclusion, the relative deficit of disease that
had spread beyond the breast in women who had
taken oral contraceptives is statistically strong, is
consistently found in various subgroups, and is not
substantially affected by the way in which short du-
ration users are classified. This finding differs from
the others described thus far in that it relates to the
effect of oral contraceptives many years after stopping
use and suggests that in the long-term there might be
a relative deficit of advanced breast cancer in women
who have used oral contraceptives.

Hormonal Constituents

Information on the specific type and dose of oestrogen
and progestogen in the combined oral contraceptive
preparations that individual women had first used,
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(a) Oestrogen Type And Dose
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(b) Progestogen Type And Dose

Time Since . _InRR 1 Relative Risk* Time Since _InRR 1 Relative Risk*
Last Use Cases/Controls var(inRR) var(InRR) RR 8 99% Cl RR1SD Last Use Cases/Controls var(inRR) var(inRR)  RR & 99% Cl RR1SD
NEVER 15715/29503 00 23562 1.001 0.021 NEVER 1571529503 0.0 23985 ﬁ 1.002 0.020
LAST USE <5 YEARS AGO: LAST USE <5 YEARS AGO:
sthinyloestradiol < 50ug 1494/2217 747 5140 .— 1.16x 0.047 lavonorgestrel < 250mg 93111613 456 359-9 L 1.142 0.056
ethinyloastradiol = 50ug 1203/2543 107-4 493.0 L o 1.24x0.050 levonorgestrel > 250mg 622/1358 602 258.6 —— 1.26£ 0.070
mestranal = 50ug 42711152 48-4 1769 —8—  1.3120086 norathisterone < 1000mg 1070/2075 94.5 437.0 -."' 1.241 0.053
mestranl > 50ug 568/780 529 2248 —l— 12720075 norethistarone > 1000mg 3101457 263 1307 |——— 12210007
other 751213 731 3168 - 1.262 0.063
LAST USE 5-8 YEARS AGO:
ethinyloastradiol < 50ug 5547796 -3§ 2351 0.992 0.065 LAST USE 5-9 YEARS AGO:
ethinyloestradiol = 50ug 954/1699 435 404.6 1.11£ 0.052 levonorgestrel < 250mg 331527 4.3 144.9 1.03:0.084
mesirandl = 50ug 302/673 84 1346 1,06+ 0.089 levonorgestrel > 250mg 509/956 244 2183 1.12: 0072
mestranol > 50ug 676/893 13.7 278.0 1.05+ 0.061 norathistarone < 1000mg 726/1242 76 3157 1.021 0.057
norethisterone > 1000mg 324/401 254 125-4 123+ 0.099
LAST USE 10+ YEARS AGO: other 611075 54 715 0.98: 0.060
ethinyloestradiol < 50ug 555637 14 214.6 1.05+ 0.070
ethinyloestradiol = 50ug 124772124 -8 4922 0.98: 0.045 LAST USE 10+ YEARS AGO:
mesinenol = 50ug 423/822 24 186-8 0.99: 0.073 levonorgestrel < 250mg 212/274 0-4 880 1.00£0.107
mestranol > 50ug 154872073 -56.8 610-2 0.911 0.039 levonorgestrel > 250mg 63311095 66 256.0 1.03+ 0.063
. . X | norgthisterone < 1000mg 1157/1683 23 451.5 1.01£ 0.047
0.0 0.5 1.0 15 2.0 narsthisterone > 1000mg 716/960 30 269-7 1.01£0.061
other 108011692  -740 4838 | 3 0862 0.042
L L s —
0.0 05 1.0 15 2.0

Test for heterogeneity by type and dose of oestrogen in women with:
Last use <5 years ago X*(3dH=29,NS
Last use 5-9 years ago : Xx*(3d.HN=2.3 ;NS
Last use 10+ years ago X2(3d.N=40;NS

Test for heterogeneity by type and dose of progestogen in women with:
Last use <5 years ago ! X2(4dfy= 2.6;NS
Last use 5-9 years ago X2 (4dfhH= 54;NS
Last use 10+ years ago : X?(4dfH= 9.1;p=0003

¢

*Relative to never users, stratified by study. age at diagnosis, parity. age at first birth and age at which risk of conception ceased.

Figure 6. Relative risk of breast cancer by time since last use and oestrogena nd progestogen type and dose of combined

oral contraceptives last used.

had last used and had used for the longest period of
time was available for 27 studies {see Materials sec-
tion). Most ever users had used the standard type of
combined oral contraceptives in which each pill con-
tains a fixed dose of an oestrogen and a progestogen,
and relatively few women had used sequential or pha-
sic preparations, where the dose of progestogen and/or
oestrogen varies during the cycle. There is no evi-
dence of heterogeneity in the risk of breast cancer
according to whether the preparations were sequen-
tial, phasic or standard {Appendix 56) and so sequen-
tial and phasic preparations have been grouped with
the standard type in all other analyses.

Overall women had used 18 unique combinations
of specific types of oestrogen and progestogen (Appen-
dix 57). The proportion of women who had first used
and last used each combination was broadly similar
although over time there was a tendency for women
to change from use of the oestrogen, mestranol, to
ethinyloestradiol, and to change to using the proges-
togen, levonorgestrel (norgestrel). By far, the most
commonly used combinations were: ethinyloestra-
diol with levonorgestrel [norgestrel]; ethinyloestra-

diol with norethisterone or norethisterone acetate;
and mestranol with norethisterone. Appendix 58
shows, for the most frequently used combinations,
the number of cases and controls that had first used,
last used and mostly used each combination and the
associated relative risks, by time since last use of oral
contraceptives. Within each time since last use cat-
egory, there 1s no significant Aeterogeneity 1in Areast
cancer risk associated with use of the various specific
combinations.

There is a tendency for specific types and doses of
oestrogen and progestogen to be used together (Ap-
pendix 59). For example, the progestogens norethy-
nodrel and chlormadinone acetate have been used
only with the higher doses of the oestrogen, mestra-
nol, whereas the progestogens desogestrol and ges-
todene have been used only with lower doses of the
oestrogen, ethinyloestradiol. Combinations of ethinyl-
oestradiol or mestranol with norethisterone (or nor-
ethisterone acetate) or ethinyloestradiol with levo-
norgestrel are the only ones that were sufficiently fre-
quent to permit analyses of the possible effects of
variations in dose within specific hormone combina-




22S Collaborative Group

tions. Appendix 60 shows results grouped according
to oestrogen dose and type and Appendix 61 shows
the results grouped according to progestogen dose and
type, and those results are summarised in Figure 6. It
can be seen that in general there is no strong evidence
of heterogeneity of risk between specific doses or spe-
cific types of oestrogen or of progestogen. The only
statistically significant heterogeneity is for progesto-
gen type in women who stopped use 10 or more years
ago, with women who had used “other” types of pro-
gestogens showing a significantly lower risk than for
the specified types (Figure 5b). With so many com-
parisons made, however, this could be due to chance.

The preparations were grouped broadly into low,
medium and high dose, based on cestrogen dose (<50
ng, = 50 pg and >50 ng, respectively, which, as can be
seen from Appendix 59, also reflects progestogen
dose). Most women (73%) remained in the same dose
category during their entire period of hormonal con-
traceptive use. There is no statistically significant as-
sociation between overall breast cancer risk and hor-
monal dose among recent users or among women
who stopped use 5-9 years before (Appendix 62). In
women who had stopped use 10 or more years ago,
however, there was some evidence of a decrease in
risk with increasing dose of the preparation most used
and last used. This trend remains statistically signifi-
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cant when short duration users are classified as never
users (x> on 1 d.f. = 5.1; p = 0.02). There is no signifi-
cant trend with dose in recent users who began use
either before 20 or at older ages (Appendix 63), nor is
there any significant trend with durations of use in
each dose category either overall or separately for
women aged under 35 or 35 and older {Appendix 64).

When analyses with respect to time since last use
and dose were repeated separately for women with
localised disease and more extensive disease, the
trend of decreasing risk with increasing dose among
past users was strongest for disease that had spread
beyond the breast. This trend remained when short
duration users were classified as never users (Appen-
dix 65). The trend with dose in past users was statis-
tically significant not only for the dose of the prepa-
ration last used, but also for dose of the preparation
first used and dose of the preparation used for the
longest period of time {Appendix 66).

In summary, although there is insufficient informa-
tion to comment reliably on the effects of specific
hormonal constituents of the combined contracep-
tive, what evidence there is suggests that there are no
major differences in the effects of specific types of
oestrogen or of progestogen on breast cancer risk.
However, when preparations are grouped into three
broad dose groups, there is some evidence of a de-

Study (Ref) Ever Users Never Users Statistics Relative Risk*
Cases/Contrals  Cases/Controls O-E var(O-E) RR & 89% Cl RR+SD
UK National (25) 123/116 632/639 11 453 N 1.03+ 0.150
» 1.26 + 0.256

Meirik/Lund (9) 59/62 363/465 4.5 19-4

Paul/Skegg (28) 50163 841/1701 02 239 1,01+ 0.205

1.14 £0.215

Vessey (4,13) 68/58 2315/2333 33 24.7

Other 425/129 22178/19885 22.0 161-0 -+ 1.15+ 0.084
All Studies 725/528 26329/25023 3141 274.4 <> 1.12 0.064

L L L J
0.0 0.5 1-0 1.5 2.0

Test for heterogeneity between studies: X* (4 d.f)y=1.0: NS

*Relative to never users, stratified by study, age at diagnosis, parity, age at first birth and age at which risk of

conception ceased.

Figure 7. Relative risk of breast cancer in ever versus never users of progestogen-only oral contraceptives.
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Study (Ref) Ever Users Never Users Statistics Relative Risk*
Cases/Controls Cases/Controls O-E var(O-E) RR & 99% ClI RR+SD
Paul/Skegg.(28) 110/252 781/1612 52 491 — T 111z 0.151
WHO (30) 138/1525 3156/17577 4.7 65-6 — 1.07+0.128
Other 91/158 13363/17124 -2.0 39-3 —— 0.95+ 0.156
All Studies 339/1935 17300/36313 79 1540 < 1.05s 0.083
—_ L 1 T S |
0-0 05 1.0 1.5 2.0

Test for heterogeneity between studies: X* (2 d.f) = 0.6 ; NS.

*Relative to never users, stratified by study, age at diagnosis, parity, age at first birth and age at which risk of

conception ceased.

Figure 8. Relative risk of breast cancer in ever versus never users of depo-progestogens.

creasing risk with increasing dose among women
whose use ceased 10 or more years ago; this trend is
principally due to a significant deficit of disease that
had spread beyond the breast among women who last
used high dose preparations.

Breast Cancer Risk and Use of
Contraceptives Containing
Only Progestogens

Oral Preparations

Use of progestogen-only oral contraceptives was re-
ported by only 1253 (0.8%) women, mostly from the
UK, Scandinavia or New Zealand and, overall, there
was a slight but not significant increase in risk asso-
ciated with ever use (Figure 7). Most use was for rela-
tively short durations (67% for less than a total of 2
years) and breast cancer risk was not significantly re-
lated to duration of use (Appendix 67). Most women
began use after age 25 and there was no clear differ-
ence in risk by age at first use [Appendix 68). Risk
appeared to be increased in women who had begun or
ceased use in the last 10 years, although none of the
relative risk estimates or trends was statistically sig-
nificant (Appendices 69 and 70).

Injectable Preparations

Use of injectable progestogens was also infrequent,
reported by 2,274 {1.5%) women, mostly from Thai-
land and New Zealand and there was no evidence of

an increased risk in ever users (Figure 7). As with oral
progestogen-only preparations, use was for relatively
short durations {64% for less than a total of 2 years),
and breast cancer risk did not appear to be related to
duration of use {Appendix 71} or to age at first use
(Appendix 72). Risk did appear to be increased in
women who had begun or ceased use recently, de-
creasing with time since first and last use (Appendi-
ces 73 and 74 and the trend for time since first use
was statistically significant. Time since starting and
time since stopping use are highly correlated and
stratification of one factor by the other had the effect
of widening the respective confidence intervals sub-
stantially, making it difficult to determine which was
of more fundamental relevance.

In summary, hormonal contraceptives containing
progestogen-only have not been widely used, but the
pattern of risk with time since last use is similar to
that found for combined oral contraceptives {Appen-
dix 75). The same pattern of risk is also observed
when the analysis is confined to women who had not
used combined oral contraceptives in the last 5 years
{Appendix 76).

Cumulative Risk of Breast Cancer

Since recent users of oral contraceptives are more
likely to have breast cancers diagnosed than never
users and there are differences in the extent of tumour
spread between women who have and have not used
oral contraceptives, it is of interest to explore what
these results imply in terms of the incidence of and
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Table 19. Estimated number of breast cancers diagnosed in Europe or North America in 10,000 women who never used
combined oral contraceptives and in 10,000 women who used them from ages 25 to 29

Breast Cancers Diagnosed in 10,000 Women Who
Never Used Combined Oral Contraceptives

Breast Cancers Diagnosed in 10,000 Women Who Used
Combined Oral Contraceptive From Ages 25 to 29

Cumulative 5 Year Cumulative

5 year Incidence Incidence Incidence
Age at Diagnosis Incidence?® Up to End Relative During up to End  Excess Cumulative
of Breast Cancer During Period of Period Risk Period of Period Incidence = SD
Using Estimates of Relative Risk for All Userst
20 to 24 0.5 0.5 1 0.5 0.5 0
25 to 29 3.5 4 1.24 4.3 4.8 0.8+0.1
30 to 34 12 16 1.15 13.9 18.7 2.7+0.5
35 to 39 28 44 1.07 30.0 48.7 4.7+1.0
40 to 44 56 100 0.98 55.1 103.7 3.7+2.0
45 to 49 80 180 1.01 80.8 184.5 45+36
Using Estimates of Relative Risk for Users With Total Duration of Use of >1 Yeart
20 to 24 0.5 0.5 1 0.5 0.5 0
25 to 29 3.5 4 1.22 4.3 4.8 0.8+0.1
30 to 34 12 16 1.15 13.8 18.6 2.6 0.5
35 to 39 28 44 1.06 29.6 48.2 42+1.0
40 to 44 56 100 0.96 53.8 102.0 2020
45 to 49 80 180 0.98 78.5 180.5 05+39

2Annual incidence rates per 100,000 never users were taken to be 160 at ages 45 to 49 and 0.007 (age ~17}® at ages 20 to 44, which are intermediate between

UK and USA rates in the mid-1980s.
tFrom Figure 1.

mortality from breast cancer. Although there is a defi-
nite increase in the relative risk of having breast can-
cer diagnosed in recent users of oral contraceptives,
the strong effect of a woman’s age on the incidence of
breast cancer complicates the way in which relative
risks according to time since last use translate into
cumulative risks of having cancer diagnosed. In this
section, data on the age-specific incidence of breast
cancer in various populations and estimates of the
relative risk of having breast cancer diagnosed by
time since last use are combined to calculate how the
expected number of breast cancers diagnosed in
women who have taken oral contraceptives at various
ages would differ from the expected number in never
users. Since the relative risks associated with use that
stopped more than 20 years ago cannot yet be reliably
estimated, the cumulative risks presented here have
not been calculated beyond 20 years after cessation of
use.

Cumulative Incidence

The results for the entire study population may not be
representative of all subgroups but probably apply
most closely to women in Europe or North America
who used oral contraceptives from about age 25 to 29,
since this was the most common pattern of use. Even
though it is not clear whether the associations ob-
served are due to earlier diagnosis of breast cancer in
women taking oral contraceptives or to the biological

effects of hormonal contraceptives, the implications
of these findings in terms of the incidence of breast
cancer in such women are illustrated using estimates
of the cumulative number of cancers diagnosed in
never users and in women who used oral contracep-
tives from age 25 to age 29. Details of the calculations
are shown in Table 19. The incidence in women who
had never used oral contraceptives is based on esti-
mated age-specific incidence rates that are midway
between rates in Europe and North America; these
rates, and the expected number of breast cancers di-
agnosed in 10,000 women who had never taken the
pill, are shown in Table 19 for each 5-year age inter-
val. The corresponding number of breast cancers
which would be expected to be diagnosed in 10,000
women who had taken oral contraceptives from age
25 to 29 is calculated by applying estimates of the
relative risk according to time since last use, taken
from Figure 1, to these numbers of expected cancers
in never users. It has already been shown that relative
risk estimates relating to use which ceased many
years ago are sensitive to the way in which women
with short durations of use are classified. For this rea-
son, cumulative incidence estimates are also calcu-
lated using relative risk estimates for users with a
total duration of use of greater than a year and these
are also given in Table 19.

Based on these calculations, 3.5 cancers would be
expected to be diagnosed among 10,000 never users
aged 25 to 29, compared with an estimated 4.3 can-
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cers among 10,000 women currently using oral con-
traceptives at ages 25 to 29—a statistically significant
excess of 0.8 (SD 0.1) cancers. After women stop tak-
ing oral contraceptives the relative risk of having
breast cancer diagnosed declines, but the incidence of
breast cancer increases. Thus, during the next 5 years,
i.e., the age interval 30 to 34, 12.0 cancers would be
diagnosed among the never users and 13.9 would be
diagnosed among the women who stopped use, giving
a statistically significant cumulative excess of 2.7 (SD
0.5) cancers per 10,000 women diagnosed before age
35. Before age 40, i.e., up to 10 years after stopping,
the estimated cumulative excess is similar regardless
of whether the relative risks were based on results for
all users (cumulative excess 4.7 SD 1.0) or for users
with a total duration of use of greater than a year (4.2
SD 1.0). Between ages 40 and 50, i.e., between 10 and
20 years after stopping use, the relative risk of having
breast cancer diagnosed is no longer elevated. The
estimated cumulative excess number of cancers diag-
nosed by age 50 differed somewhat depending on
whether the relative risk estimates were taken for all
users (cumulative excess 4.5 SD 3.6) or for users with
a total duration of use of greater than a year (0.5 SD
3.9), but necither estimate was significantly greater
than zero. Therefore, on the basis of these calcula-
tions, there is a clear and statistically significant ex-
cess in the cumulative number of cancers diagnosed
up to 10 years after stopping use. Over the next 10
years, estimates of how many cancers could be ex-
pected to be diagnosed depend somewhat on the
choice of relative risk estimates; in this example,
however, there is no significant excess in the esti-
mated cumulative number of cancers diagnosed up to
20 years after stopping use, regardless of the choice of
relative risk estimates.

To examine how the excess cumulative number of
cancers diagnosed might vary with the different pat-
terns of use, the same background incidence rates and
relative risk estimates as in Table 19 were used to
calculate the cumulative excess incidence in women
beginning oral contraceptive use at ages 20, 25, 30, 35,
and 40 respectively, and stopping at ages 24, 29, 34,
39, and 44. The results are shown in Appendix 77 for
durations of use of 5, 10 and 15 years. It can be seen
that up to 10 years after stopping use, the cumulative
excess number of cancers diagnosed is roughly similar
for women who stopped use at a given age regardless
of the age at which use started, but that for women
who began use at a given age the excess is smaller the
younger women were when they stopped use. Thus,
the estimated cumulative excess is largely deter-
mined by the age women are when they last used oral
contraceptives and is little affected by the age they
were when use started, or, therefore, by their total
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duration of use. The same conclusion is reached up to
10 years after stopping use regardless of whether rela-
tive risk estimates for all users or users with a total
duration of use of greater than a year are used. By
contrast, up to 20 years after stopping use the esti-
mates of cumulative incidence are somewhat sensi-
tive to which relative risk estimates are used, and it is
possible that some of the excess cancers diagnosed in
the first 10 years after stopping use are offset by a
slight deficit in the number of cancers diagnosed 10-
20 years after stopping use.

The relative risk of having breast cancer diagnosed
in relation to recency of use does not differ signifi-
cantly between women from developed or developing
countries {Appendix 50). However, in developing
countries breast cancer incidence rates are lower than
in Europe or North America, and so the estimated
excess cumulative incidence for women from devel-
oping countries is correspondingly lower at each age
{Appendix 78).

In current and recent users, women who began use
as teenagers have higher relative risks of having
breast cancer diagnosed than women who began use
at older ages, but more than five years after stopping
use, there is no heterogeneity in the relative risks
according to the age at which women began use {Ap-
pendix 29). Calculations of the cumulative excess in-
cidence associated with use beginning at ageé 16 and
ending at ages 19 and 24, respectively, were made
using the risk estimates from Appendix 29 for recent
users who began use before age 20 (Appendix 79). The
estimated cumulative excess up to 10 years after stop-
ping use in 10,000 women who used oral contracep-
tives from age 16 to 19 and from age 16 to 24 com-
pared to never users is 0.5 {SD 0.1) and 2.0 (SD 0.3},
respectively. These estimated excesses are of a simi-
lar order of magnitude to the estimated excess for use
from age 20 to 24 or from age 25 to 29. Thus, although
the relative risks of having breast cancer diagnosed
associated with current and recent use beginning at
age 16 are greater than for use beginning at, say, age
25, they act during an age interval when breast cancer
risk is extremely low and therefore have compar-
atively little effect on the estimated cumulative inci-
dence of breast cancer.

Cancers diagnosed in women who had used oral
contraceptives are less likely to have spread beyond
the breast than the cancers diagnosed in never users
(Figure 4). Using methods similar to those described
in Table 19, estimates of cumulative incidence were
calculated separately for localised disease and for
more extensive disease and the results are given in
Appendix 80. Among 10,000 women who used oral
contraceptives from ages 25 to 29, it is estimated that
for localised disease 107 cancers would be diagnosed
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by age 50, compared to 100 such cancers in 10,000
never users, an excess of 7.2 (SD 3.3} cancers; the
estimated excess based on analyses in which short
duration users are classified as never users is 6.5 {SD
3.6). For disease that had spread beyond the breast
there is a small deficit by age 50 of 4.0 {SD 2.9) using
relative risk estimates for all users and a deficit of 5.6
(SD 3.1) using relative risk estimates for users with a
duration of greater than a year.

In summary, because breast cancer incidence rises
steeply with age, the age-interval during which a
woman’s use occurs is critical in determining the ex-
cess number of cancers diagnosed. In effect, it is a
woman’s age at last use which is the main determi-
nant of the excess, which increases with increasing
age at last use. The excess cancers diagnosed in the
period from starting use up to 10 years after stopping
are mainly cancers that are localised to the breast. Up
to 20 years after cessation of use, the estimated cu-
mulative number of cancers diagnosed is somewhat
sensitive to the choice of relative risk estimates but it
is possible that some of the excess cancers diagnosed
in the first 10 years after stopping use are offset by a
slight deficit in the number of cancers diagnosed 10 to
20 years after stopping use. There is, however, a clear
difference in clinical presentation between the can-
cers diagnosed in women who have and have not used
oral contraceptives in that the cancers diagnosed in
ever users tend to be less advanced clinically than the
cancers diagnosed in never users. There is insufficient
information in these data to estimate the number of
cancers that would be diagnosed in women who
ceased using oral contraceptives 20 or more years ago
and as new data on such women emerge it will be
important to revise these estimates accordingly.

Cumulative Mortality

Tumours that are localised to the breast are associ-
ated with a better survival than tumours that have
spread beyond it, but without follow-up information
on the women with breast cancer it is not possible to
be sure whether oral contraceptives use increases, de-
creases, or has no effect on cumulative mortality from
breast cancer. It is of importance, therefore, to obtain
direct information about the survival of women who
have and have not used oral contraceptives.

Conclusion

Breast cancer is the most common cancer among
women worldwide and oral contraceptives have al-
ready been used by more than 200 million women.
Even if oral contraceptive use produced small changes
in the relative risk of breast cancer this would affect
large numbers of women, particularly effects that per-
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sist long after cessation of use. This international col-
laboration involves data from 54 studies and includes
more than 53,000 women with breast cancer from 25
countries. The studies contributing to this review are
varied in their setting and design. Likewise, the indi-
vidual women included in the analyses are of varied
backgrounds and have different baseline risks of
breast cancer. Despite the heterogeneity of the study
designs and of the subjects, the results are remarkably
consistent across the various studies and for women
with different characteristics.

Recency of oral contraceptive use appears to ex-
plain most of the variation in breast cancer risk asso-
ciated with oral contraceptive use and the data pre-
sented here demonstrate that once this factor is taken
into account, few other aspects of oral contraceptive
use have an additional effect on the relative risks of
breast cancer. Among recent users, there is a small
increase in the relative risk of having breast cancer
diagnosed, and the excess is largely due to cancers
that are localised to the breast. The relative risk
among recent users was greater in women who began
use before age 20 than in women who began after that
age. It is not clear whether these findings are the con-
sequence of cancers being diagnosed earlier in women
who have used oral contraceptives, whether they are
due to biological effects of the hormones, or whether
they are due-to a combination of both. Further re-
search may clarify the mechanisms.

This collaboration demonstrates that there is little
evidence for a persistent increase in breast cancer risk
10 to 20 years after cessation of use of oral contracep-
tives; indeed for certain groups of past users there
may, if anything, be a reduction in the risk of breast
cancer. In particular, there is a reduction in the risk of
tumours that have spread beyond the breast, associ-
ated with use of oral contraceptive preparations con-
taining high doses of hormones. These unexpected
findings need to be confirmed.

There is still little information about the effects of
oral contraceptive use that ceased more than 20 years
ago. The collection of new data should provide further
information about the effects of oral contraceptives
more than 20 years after stopping use, particularly
about women who began use as teenagers and are now
reaching an age when breast cancer is common. Such
data should become available in the next decade, and
it will then be necessary to re-evaluate the worldwide
evidence on the long-term effects of hormonal con-
traceptives on breast cancer risk.
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