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ABSTRACT

Many countries report a decline in breast cancer incidence among peri- and post-meno-
pausal women following a decline in HRT prescribing. To investigate recent Scottish inci-
dence trends, European age-standardised incidence rates from 1997 to 2005 were
stratified by method of first detection, ER status and age group. We developed change point
models of the annual age-specific cases for the peri- and post-menopausal age groups and
ER status using Poisson regression.

In Scotland all HRT categories together show a 32.4% increase in the number of items dis-
pensed in 1993-2000 followed by a striking 61.8% decline by 2007.

The incidence rates of screen-detected tumours increased gradually in the 50-64 and 65—
74 age groups. For the older age group this increase accelerated after 2003 corresponding to
an extension of the age range of screening.

For ER positive tumours in the 50-64 age group, age-standardised rates increased 31.5%
from 1997 to 2000, followed by a statistically significant decrease of 11.2% by 2005 (change
in slope = -0.0943, P < 0.0001). We conclude that an overall incidence in the 50-64 age group
declined since 2000 reflecting the sudden fall in HRT dispensed items and is largely
accounted for by the decrease in ER positive tumour incidence. A longer term decline in
ER negative tumours for this age group was pre-existing and is unaffected by the collapse
in HRT prescribing.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

according to age, screen detection status and oestrogen
receptor status.

We previously reported that the incidence of breast cancer
among 50-64-year-old women in Scotland decreased in asso-
ciation with a striking decline in the use of Hormone Replace-
ment Therapy (HRT) (Fig. 1).! The aim of the present study is
to investigate these recent trends in breast cancer incidence
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2. Methods

Items dispensed and preparation details are based on the Pre-
scribing Information System held by the Information Services
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Fig. 1 - Age-standardised incidence of invasive breast cancer by age group in Scottish women (1980-2005), and numbers of
dispensed items of HRT and raloxifene (1993-2005). (Reprinted from The Lancet, vol. 373, Brewster DH, Sharpe KH, Clark DI,
Collin J. Declining breast cancer and decreased HRT use, p. 450, 2009, with permission from Elsevier.)

Division (ISD) of NHS National Services Scotland.? The prepa-
ration groupings used by the Million Women Study were
adopted and include: oestrogen only, oestrogen and progesto-
gen and other (tibolene, progestogen only, androgens and
vaginal preparations).?

Invasive female breast cancer incidence data (ICD-10 C50)
including method of first detection and oestrogen receptor
(ER) status were sourced from the Scottish Cancer Registry
held by ISD.* Cancers were identified as ‘screen detected’ if
the diagnosis occurred after a positive assessment by screen-
ing mammography regardless of route of screening (e.g.
organised national programme or private). The ER status en-
tered into the Scottish Cancer Registry reflects the test result
interpretation recorded in the medical record regardless of
the method or threshold employed. Our analysis covered
the years 1997-2005 reflecting the availability on the Scottish
Cancer Registry of ER status and method of first detection, the
period of change in HRT use and breast cancer incidence re-
ported world wide.>

Annual breast cancer incidence rates were age-standard-
ised by direct standardisation using the European standard
population™® for each of the broad age groups. Rates were
stratified by method of first detection (screening, other), ER
status (positive, negative, not known) and age group (50-64
and 65-74) reflecting changes in breast screening invitation
and focusing on those age groups most likely to be taking
HRT. In Scotland, breast screening was introduced for women
50-64 years old in 1988. Between 2003 and 2005 the age of wo-
men invited was increased to include women 65-70 years old;
prior to 2003 women aged 65-70 years and older could self-re-
fer. Two-view mammography for subsequent (incident)

screening rounds has only very recently been introduced in
Scotland and would not be expected to have any detectable
effect on breast cancer incidence until at least the incidence
year 2008.

We developed change point models in STATA v.9 of the an-
nual age-specific cases for two age groups and each ER tu-
mour status separately using Poisson regression. The log of
population size was used as an offset. To identify the best
fit linear line for the two periods 1997-2000 and 2000-2005,
we focused on identifying a change in the slope of invasive
breast cancer incidence after 2000 representing the peak in
HRT use. The change point Poisson regression model can be
described as follows:

log(rate) = f, + f,(year-2000) + f8,(year-2000)I(year > 2000)

where f, is the estimated log invasive breast cancer incidence
rate in Scotland in 2000; $; the slope of the relationship be-
tween the log incidence rate in Scotland and time; f, the esti-
mate of any change in slope for the two periods: 1997-2000
and 2000-2005; if no change occurred, the estimated value
would be 0, if HRT dispensing drop resulted in reduced inci-
dence, the value would be <0; I (year > 2000) is an indicator
that allows the slope to change.

3. Results

3.1. Hormone replacement therapy prescribing

All HRT categories together show a 32.4% increase in the
number of items dispensed from 1993 to 2000 followed by a
striking 61.8% decline in number of items dispensed by 2007
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Fig. 2 - Numbers of dispensed items of HRT by type (1993-
2005). (Other* include tibolene, progestogen only, androgens
and vaginal preparations.)

(Figs. 1 and 2). This pattern of increase during the nineties fol-
lowed by a sharp fall beginning in 2000 was mirrored in all
three categories of HRT (Fig. 2). However, the decrease was
most pronounced for the oestrogen and progestogen com-
bined category which declined by 68.1% by 2007 (Fig. 2).

3.2.  Screen-detected cancer
Over the period 1997-2005, the age-standardised rates of

screen detected tumours have increased gradually in the
50-64 and 65-74 age groups. In both groups, the age-standard-

ised rates for tumours detected by other means declined
slightly. For the older age group this increase in screen de-
tected tumours accelerated after 2003, reflecting the screen-
ing age extension while in the 50-64 age group the rate
reached a high in 2000, the midpoint of the HRT peak
(Fig. 3a and b). This group is most likely to be prescribed
HRT™ and HRT users are more likely to attend screening.™

3.3. Oestrogen receptor status of tumour

Among women aged 50-64 years with ER positive breast can-
cer, age-standardised rates increased 31.5% from 1997 to 2000,
followed by a statistically significant overall decrease of 11.2%
by 2005 (change in slope of —0.0943, P < 0.0001). ER negative
breast cancer rates fell by 44.3% from 1997 to 2005. Incidence
rate for tumours of unknown ER status declined 35.7% over
the period (Fig. 4a).

Age-standardised ER positive tumour incidence rates for
women 65-74 years old increased 30.4% from 1997 to 2000,
followed by a short slight decrease of 4.1% from 2000 to
2002 which was reversed in 2003 with a sharp increase in inci-
dence rate of 41.3% from 2002 to 2005. Age-standardised ER
negative tumour incidence rates remained relatively stable
and tumours of unknown ER status declined 45.8% from
1997 to 2005 (Fig. 4b).

4, Discussion

We previously reported that the incidence of breast cancer
among 50-64-year-old women in Scotland decreased in asso-
ciation with a striking decline in the use of HRT following a
peak during the period 1998-2001." In this analysis we dem-
onstrate the fall in overall incidence primarily reflects a sig-
nificant decrease in ER positive tumours. In the 50-64 age
group, ER positive tumours are the most common.*®
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Fig. 3 - (a) Age-standardised incidence rates of invasive breast cancer by detection method in Scottish women aged 50-
64 years (1997-2005). (b) Age-standardised incidence rates of invasive breast cancer by detection method in Scottish women

aged 65-74 years (1997-2005).
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Fig. 4 - (a) Fitted and actual age-standardised incidence rates of invasive breast cancer by oestrogen receptor status in Scottish
women aged 50-64 years (1997-2005). (b) Fitted and actual age-standardised incidence rates of invasive breast cancer by
oestrogen receptor status in Scottish women aged 65-74 years (1997-2005).

Increased cessation of combined HRT is expected to pro-
duce effects on breast cancer incidence because breast cancer
risk is higher in current users and declines quickly after ces-
sation; the ex-users’ risk reduces to the level of non users in
2-5 years.’* 18

4.1. Hormone Replacement Therapy prescribing trends

The timing and extent of change in incidence trend may re-
flect the preparation, formulation and prevalence of HRT use
in Scotland. Studies have shown that breast cancer incidence
is significantly increased for current users of preparations
containing oestrogen only, combined preparations and tibo-
lene; but the magnitude of the associated risk is substantially
greater for combined therapy than for other types of HRT.>

Raloxifene is prescribed to prevent osteoporosis and has
been shown to have preventative breast cancer effects spe-
cific to ER positive tumours in post-menopausal women.'® In-
crease in raloxifene dispensed items could result in reduced
breast cancers among post-menopausal women; however, be-
cause the volume of dispensed items is very low in compari-
son with the volume of HRT preparations dispensed (Fig. 1),
the favourable effect of raloxifene is likely to have limited
impact.

When compared to Scottish trends, the more dramatic
falls in breast cancer incidence reported by others®®!! and
in particular the United States (US)'? may reflect the differ-
ences in the number of post-menopausal women who have
had a hysterectomy and the resulting mix of HRT use. Due
to the increased risk of endometrial cancer with unopposed
oestrogen use, oestrogen only HRT preparations are generally
prescribed for women who have had a hysterectomy.*? The

US mix of HRT preparation is approximately 70% oestrogen
only preparations®®?* compared to 44% in Scotland with com-
bined preparations representing 46%.*

This may suggest that Scottish breast cancer incidence
should reflect a more pronounced trend given that the Scot-
tish preparation mix is weighted to the higher risk combined
therapy; however, the overall prevalence of HRT use is very
different. Assuming the peak of HRT use amongst Scottish
women is similar to the United Kingdom (UK)?%; at approxi-
mately 25%, Scottish use is less than US use for approxi-
mately the same time period (42%).%°

4.2. Screen-detected cancer

Mammography trends affect the breast cancer incidence
trends identified. Breast cancer incidence increases as women
undergoing routine screening mammography have 2-3-fold
higher breast cancer detection rate.’ In Scotland, women
are invited to attend screening once every 3 years. Based on
3-year rolling attendance figures, uptake is increasing slowly
from 71.0% in 1994 to 76.5% in 2007.2% This slow, steady in-
crease in screening participation may slightly increase the
breast cancer incidence trend in the 50-64 year age group.
However in the present study, the major impact of mammog-
raphy on breast cancer incidence rate is the increase in mam-
mography-detected cancer amongst the 65-74 age group
reflecting the phased extension of the age range for routine
invitation from 50-64 to 50-70 years in 2003-2005. In the 65-
74 age group, breast cancer incidence appears to fall from
1998 to 2002 followed by the sharp increase reflecting exten-
sion of mammography screening invitations to include
women 65-70 years old (Fig. 1). The lower HRT use amongst
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women 65-74'* years old makes the possible effect of HRT
cessation on breast cancer incidence in this age group more
difficult to evaluate. This possible HRT effect also appears to
be masked by the increased incidence due to the extended
mammography screening.

HRT may result in decreased breast cancer detection by
mammography due to increased breast density when taking
combined HRT, which decreases the sensitivity and specific-
ity of the mammogram and is most evident with continu-
ous combined HRT.>* Breast density may lead to the
delayed detection of 20% of breast cancers® by increasing
the minimal screen detectable tumour size.® Cessation of
HRT might be expected to result in a more immediate tem-
porary increase in breast cancer incidence as breast density
is reduced and tumours are more easily detected® obscuring
the longer term trend of reduced breast cancer incidence
following a fall in combined HRT. However HRT reduces
sensitivity of mammography in a fairly modest proportion
of users.?*

Others have suggested that the detection of ductal carci-
noma in situ (DCIS) through screening activities 15-18 years
ago followed by surgical removal of pre-invasive DCIS may
explain the reduction in invasive breast cancers occurring
around 2000.° The Scottish invasive breast cancer rates
for the 50-54 and 60-64 age groups beginning 1988, the year
that screening started, to 2005 shortly after the approximate
time of reported incidence rate change do not support this
suggestion.”” Despite having higher cumulative exposure to
screening, the downward trend in invasive breast cancer
incidence was less marked in 60-64-year-old women than
in 50-54-year-old women. This suggests that changes in
HRT use which are likely to have occurred more commonly
among younger peri- and post-menopausal women, is a
more feasible explanation of recent breast cancer incidence
trends among 50-64-year-old women than an effect of
screening.

Supporting our argument, a recent Swedish cohort study
estimates the standardised incidence ratio for women with
DCIS aged 60 years or older and established that the observed
to expected incidence ratio of invasive breast cancer is 4.2
(95% CI = 3.2, 5.5) indicating that individuals who were previ-
ously diagnosed with and treated for DCIS are 4.2 times more
likely to be diagnosed with invasive breast cancer in the fu-
ture.?® Therefore, any reduction in invasive breast cancer inci-
dence seems unlikely to be due to increased DCIS detection
and treatment.

4.3. Oestrogen receptor status of tumour

The fall in ER negative tumours was not entirely expected as
HRT is generally associated with ER positive tumours®?°; ER
positive tumours exhibit incidence rates that rise continu-
ously with ageing rather than slowing after menopause,
ER positive tumours are the most common type of breast can-
cer in post-menopausal women®® and finally, combined HRT,
the most prevalent post-menopausal therapy in Scotland,
has been associated with a stronger risk for ER positive breast
cancer than ER negative breast cancer.”’ However, others
have also reported decreases in ER negative tumours with a
fall in HRT.'>>6

To understand the longer term fall in ER negative tumour
incidence, we considered the possible role of exogenous hor-
mones generally in tumour development. Some evidence sug-
gests that oral contraceptives are more consistently
associated with ER negative tumours, most strongly related
to recent use and with increased risk for women younger
than 35 years. However the association between oral contra-
ceptive use and ER negative tumours may reflect confounding
related to age at diagnosis.?* Others have proposed that ER
expression is a dynamic phenotype of breast cancer given
that ER expression can be induced with drug therapy and pro-
pose that the effect of HRT appears to be on ER expression
generally, affecting the incidence trend for ER negative tu-
mours as well as the trend for ER positive tumours. However,
the role of exogenous hormones in differentially increasing
risk of hormone sensitive tumours continues to be debated.

Alternatively, it has been suggested that the more long-
standing decline in ER negative tumours reflects a post-
screening ‘compensatory drop’ in incidence among older
previously screened women, largely unaffected by the rise
and fall in HRT prescribing.®? Unfortunately we do not hold
data on ER status extending back far enough in time to as-
sess this hypothesis. Our results are partially consistent
with this interpretation: the decline is evident for a longer
period compared to the ER positive tumour incidence and
appears unaffected by the change in HRT dispensed items.
However, as we have already observed, screening seems
less likely to explain recent breast cancer incidence trends
among 50-64-year-old women than changes in HRT use.

A more likely explanation for the fall in ER negative tu-
mours in the 50-64 age group is anecdotal evidence suggest-
ing that in Scotland the threshold for ER positive tumours
has reduced over time reflecting that tumours with lower lev-
els of positive ER status may respond favourably to treatment.
Over time, this would increase the proportion of tumours
classified as ER positive and reduce the proportion classified
as ER negative (Fig. 4a).

In the 65-74 age group, one might expect the increase in
incidence rate due to screening age extension to be present
in both ER positive and ER negative tumours; however, this
increase was only statistically significant for ER positive tu-
mours. Incidence rates for ER negative tumours appear to
increase slightly (Fig. 4b); however, the increase is not sta-
tistically significant. When compared to screen-detected
cancers, previous studies have shown that interval cancers
consist of a higher proportion of fast-growing tumours, a
higher proportion of ER negative tumours, and are less
likely to occur in women over 50 years old.**3* Given the
screening age extension in the 65-74 age group, our findings
of a pronounced increase in ER positive tumour incidence
and relatively stable incidence rates for ER negative tu-
mours are consistent with these established characteristics
of interval and screen-detected cancers.

Strengths of our study include a high breast cancer case
ascertainment rate estimated to exceed 98% in one study>”
and high reliability of cancer registration data in Scotland
for method of first detection and tumour ER status with
percentage of discrepancies at 3.4% and 4.8%, respectively.*

As a population-level study examining aggregate data our
study does not explore other risk factors not measured or
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known that could explain the incidence trends described. The
change point Poisson regression models adopted assumed a
single change point at 2000, the midpoint of the HRT dis-
pensed items peak. It is possible that the change occurred
at some other point in time. Furthermore and as demon-
strated for the 65-74 age group, a single defined change point
may not best describe the underlying data. The limited
availability of ER status information (since 1997) reduces the
years of data available to consider alternative modelling ap-
proaches with no defined and multiple change points.

Other limitations include the possibility that ER status
cut off points may vary with laboratory practice and lead
to misclassification of tumours. The HRT dispensed items
information are not patient specific data, therefore it has
not been possible to present trends in patient age distribu-
tion with respect to HRT dispensing over the period studied,
however our study has the benefit of being population-
based. UK studies providing HRT prescribed information
by patient age generally use samples sourced from general
practitioner databases and therefore only cover a sub-set
of patients. In addition, the information provided is dis-
pensed as opposed to prescribed items. Nevertheless dis-
pensed items are a reasonable approximation of clinician
prescribing behaviour and patients’ actual use not with-
standing differences introduced by, as an example, patient
compliance with the prescription.

In conclusion our data indicate that overall incidence of
invasive breast cancer in the 50-64 age group declined be-
tween 2000 and 2005 reflecting the sudden fall in HRT dis-
pensed items. This is largely accounted for by the decrease
in ER positive tumour incidence. The longer term decline in
ER negative tumours for this age group was pre-existing and
is unaffected by the collapse in HRT prescribing.
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