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Abstract

Objective: Analysis of 3359 Danish breast cancer cases indicated that menopause exerted a greater protective effect
on estrogen-receptor negative (ER)) breast cancer than on estrogen-receptor positive (ERþ) breast cancer. We
examined US age-specific breast cancer rates by hormone receptor status in white and black women and men to
investigate this unexpected result.
Methods: Age-specific breast cancer incidence rates from the Surveillance, Epidemiology, and End Results (SEER)
Program of the National Cancer Institute were analyzed by joint estrogen receptor and progesterone receptor (ER/
PR) status of 101,140 white female and 8870 black female cases and by ER status in 706 white male and black male
cases diagnosed from 1992 to 1998. Changes in the rate of increase in rates with age were identified using Poisson
regression analyses.
Results: For both white women and black women the age-specific rates of ER) breast cancer cease increasing after
50 years of age, but age-specific rates of ERþ breast cancer continue to increase after 50 years of age. For men the
incidence of ER) cancers may increase at a slower rate than incidence of ERþ cancers in older ages. In women the
black rates of ERþ cancers are greater than white rates only until age 35, but black rates of ER) cancers are greater
than white rates for all ages.
Conclusions: Differences in age-specific breast cancer incidence patterns by hormone receptor status are similar for
black women and white women. The incidence pattern for ER) cancers is consistent with a paracrine model for
hormone-stimulated growth in normal breast tissue. The continued increase in ERþ cancers after menopause may
be explained by both the paracrine growth model and an increase in the proliferation rate of ERþ cells with age.

Introduction

Yasui and Potter showed that the pattern of age-specific
breast cancer incidence rates differs by joint estrogen
receptor and progesterone receptor (ER/PR) status
using estimated incidence rates based on 3359 Danish
cases [1]. In log–log regression analyses of incidence rate
versus age the rates increased significantly at young ages
for all ER/PR groups, but there was heterogeneity in the
direction of the incidence curves in older ages. In older
women the rates increased significantly, but at a slower
rate than in young women, for ERþ/PRþ cancers;
increased slightly, but not significantly, for ERþ/PR)
cancers; decreased significantly for ER)/PRþ cancers;

and decreased slightly, but not significantly, for
ER)/PR) cancers. The greater protective effect for
menopause on receptor-negative cancers, particularly
ER) cancers, was unexpected, and suggests a complex
relationship between menopause and breast cancer risk
[1]. Yasui and Potter suggested that international
differences in the age-specific incidence curves might be
explained by differences in the distribution of breast
cancers by hormone receptor status [1].
Given the potential etiologic significance of the

reported differences in age-specific incidence patterns
by hormone receptor status, we sought confirmation in
both white women and black women using incidence
data from the Surveillance, Epidemiology and End
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Results (SEER) Program of the National Cancer
Institute. ER and PR status are available in the SEER
Program, beginning with breast cancers diagnosed in
1990 [2]. We analyzed the 5-year age-specific breast
cancer rates by joint ER/PR status for white females and
black females to identify changes in the slope of rates
plotted against age on a log–log scale. In addition, to
adjust age effects for birth cohort and calendar period
trends, age–period–cohort analyses were performed for
ERþ and ER) cancers for white females. Breast cancer
rates for US males were also examined to identify any
changes in the rate of increase of breast cancer incidence
with age for ERþ and ER) cancers.

Materials and methods

Rates of invasive breast cancer were calculated from
population-based data collected by the SEER Program
[3]. The percentage of cases with known hormone
receptor status increased markedly in the first two years
of ER and PR data collection. In addition, two SEER
registries were added in 1992. Thus, we analyzed data
for white female and black female breast cancer cases
diagnosed from 1992 through 1998 among residents of
the 11 geographic areas included throughout this time
period in SEER: Connecticut; Hawaii; Iowa; New
Mexico; Utah; Atlanta, GA; Detroit, MI; Seattle–Puget
Sound, WA; San Francisco–Oakland, CA; Los Angeles,
CA; and San Jose/Monterey, CA [3].
The ER and PR status were coded by the SEER

Program data collectors based on laboratory results as
reported in patient medical records [3]. Hence, determi-
nations of hormone receptor status reflect community
practice and standards in each SEER area. Immuno-
chemical assays would have been the most commonly
used tests during the study period, and thus the ER
results would largely reflect expression of ER-a [4]. Joint
ER/PR status was known for 101,140 white female cases
and 8870 black female cases. ER status was available for
105,510 white female cases, 9291 black female cases, and
706 white male and black male cases.
Poisson regression analyses were applied to female

rates by hormone receptor status to quantify and
compare changes in the slope of the log rate with log
age using a method similar to that of Yasui and Potter
[1]. In these regression analyses the midpoint of the five-
year age group was taken to be the age corresponding to
each rate. Changes in slope were evaluated at the
midpoint of each age group, and the results were
reported for the age group resulting in the smallest
deviance. Analyses included 12 five-year age groups
from 25 through 84 years of age.

Female breast cancer rates are greatly influenced by
birth cohort and calendar period trends [5, 6]; thus cross-
sectional patterns of age-specific rates may reflect trends
in risk by birth cohort or calendar period [1]. To adjust
the age effects for variation by calendar period and birth
cohort, age–period–cohort models were fitted by Poisson
regression to the female breast cancer incidence data
using 1-year age and calendar period intervals [7, 8].
Interpolation was employed to obtain 1-year population
estimates from the 5-year age groups available in SEER
[8]. One-year age groups from 26 through 83 years of age
for the years 1992 through 1998 were used in the age–
period–cohort analyses. Changes in the slope of linear
trends in age effects were examined using identifiable
parameters defined as differences in linear contrasts [8].
Standard errors of the linear contrasts were adjusted for
possible over-dispersion when the deviance for the full
age–period–cohort model exceeded the number of resid-
ual degrees of freedom [9].

Results

The numbers and percentages of SEER breast cancers
for females and males by hormone receptor status are
reported in Table 1. Joint ER/PR status was available
for 74% of white women and 65% of black women,
while ER status was available for 77% of white women,
68% of black women, 70% of white men, and 62% of
black men. Hormone receptor status was more likely to
be unknown for both smallest (<1 cm) and largest
(>5 cm) tumors, and more likely to be unknown for
cases under 35 or over 70 years of age at diagnosis. The
distribution by hormone receptor status for US white
women was remarkably similar to that for the Danish
women [1], the largest difference being 2.2% fewer US
women with ER)/PRþ cancers. Black US women,
however, had a significantly different distribution by
hormone receptor status (p < 10)6 compared to either
US white women or Danish women), with fewer ERþ/
PRþ and more ER)/PR) cancers. Both black men and
white men had a much higher percentage of ERþ cancers
than women, and ER) cancers were significantly more
likely in black men than in white men (p ¼ 0:0009).
The log–log plots of age-specific incidence rates by

joint ER/PR status for women are shown in Figure 1,
and estimates of initial and final slopes are presented in
Table 2. The curves for white women and black women
have similar shapes for every ER/PR expression com-
bination. For all ER/PR expression categories, rates
increase significantly until about 50 years of age, and
then the slopes of the curves decrease significantly in
older ages. Rates continue to increase significantly in
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older ages for ERþPRþ and ERþPR) cancers, but
rates show no evidence of an increase in older ages for
ER)PR) and ER)PRþ cancers.

Figure 2 shows the SEER age-specific rates for ERþ
and ER) breast cancers. Rates of ER) cancers are
higher for black women at every age. Rates of ERþ

Table 1. Number and percentage of US breast cancers by hormone receptor status from 1992 to 1998; percentages based on total with known

hormone status

(a) Females

Race Total Known

receptor

status

ERþPRþ ERþPR) ER)PRþ ER)PR)

No. Percentage No. Percentage No. Percentage No. Percentage

White 137,210 101,140 64,982 64.2 13,167 13.0 3,416 3.4 19,575 19.4

Black 13,634 8,870 4,290 48.4 1,071 12.1 456 5.1 3,053 34.4

(b) Males

ERþ ER)

No. Percentage No. Percentage

White 900 633 575 90.8 58 9.2

Black 117 73 56 76.7 17 23.3

Fig. 1. The 5-year age-specific breast cancer incidence rates for white women (open circle) and black women (closed circle) from 25 through 84

years of age by joint estrogen and progesterone receptor status of breast cancer.
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cancers are initially lower in white women, but are
higher in white women over 40 years of age. For both
white women and black women there are sharp increases
in incidence rates with age before age 50 for both ERþ
and ER) breast cancers (Figure 2). For both white
women and black women rates do not increase signif-

icantly after age 50 for ER) cancers, while the rates for
ERþ cancers continue to increase significantly, although
with a significantly smaller slope than for younger
women (Table 2). This difference in the shape of the age-
specific incidence curve between ERþ and ER) cancers
above the age of 50 was observed in all 11 SEER
registries, for all stages and grades of cancer, and for
both ductal and lobular carcinomas (data not
shown).
The age effects from age–period–cohort analyses of

ERþ and ER) cancers in white women are shown
in Figure 3. The difference in shape between the ERþ
and ER) age-specific incidence rate curves shown in
Figure 2 is still apparent after adjustment for calendar
period or birth cohort trends. For each age-effect curve
the rate of increase in risk begins to decrease signif-
icantly in the late 30s. The decreases in age effects after
age 70 partly reflect the increase in unknown receptor
status at oldest ages. The age effects for black women
were much more variable than those for white women,
particularly for ER) cancers, but also demonstrated
that the difference in shape between ERþ and ER)
incidence curves is not due to calendar period or birth
cohort trends (data not shown).
The age-specific rates for ERþ and ER) breast

cancers for males are shown in Figure 4 for ages 40
through 84 (only 24 male breast cancers were diagnosed
in men under the age of 40). Although caution is
required in comparing these curves because of the small
number of ER) cancers, it appears that the curve for
ER) cancers may increase at a slower rate than the
curve for ERþ cancers in older ages, just as was the case
for female cancers.

Table 2. The fits of log rate–log age linear regression models with one

change point to the SEER incidence rates by hormone receptor status

Age of

change

Initial

slopea
Slope after

change

p-Valueb

White

ERþPRþ 47 6.6 1.8 <0.0001

ERþPR) 57 5.3 1.5 <0.0001

ER)PRþ 47 5.3 )0.3 0.01

ER)PR) 52 4.0 )0.2 0.31

ERþ 47 6.7 1.9 <0.0001

ER) 47 4.8 0.3 0.14

PRþ 47 6.5 1.7 <0.0001

PR) 52 4.4 0.8 <0.0001

Black

ERþPRþ 47 5.4 1.9 <0.0001

ER+PR) 57 4.5 1.3 <0.0001

ER)PR+ 47 4.9 )0.9 0.005

ER)PR) 47 4.8 0.1 0.51

ERþ 52 4.8 1.6 <0.0001

ER) 47 4.8 0.01 0.94

PRþ 47 5.3 1.7 <0.0001

PR) 52 4.1 0.1 0.50

a Initial slope significantly different from zero with p-value <0.0001.
b The p-values are for the comparison of the final slope to zero.

Fig. 2. The 5-year age-specific breast cancer incidence rates for white

women (open circle) and black women (closed circle) from 25 through

84 years of age by estrogen receptor status of breast cancer.

Fig. 3. Estimated age effects for white women from age–period–cohort

analyses of 1-year breast cancer incidence rates for ages 26–83 by

estrogen receptor status.
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Discussion

The age-specific incidence curves by joint ER/PR
expression status for US women are qualitatively similar
to those for Danish women [1], but show important
quantitative differences. For example, the US incidence
rates for ERþ/PR) cancers increase significantly after
menopause, and the increase in older ages is almost as
rapid as that for ERþ/PRþ cancers. In addition, the
sharp decrease after menopause in rates for ER)/PRþ
cancers observed in Danish women was not seen in US
women, although slight decreases were observed for
both black women and white women (marginally
significant for both). Finally, the initial increase in rates
of ER)/PR) cancers is almost as rapid as those
observed for the other three ER/PR categories. The
SEER data confirm, however, that patterns of age-
specific rates differ by hormone receptor status [1] and,
in particular, corroborate the greater impact of meno-
pause on ER) cancers than on ERþ cancers.
The greater effect of menopause on incidence rates for

ER) breast cancer than on ERþ breast cancer in
women may appear to be paradoxical [1], but examin-
ation of the relationship between ER expression and
proliferation in normal breast tissue, suggests a possible
explanation. In normal premenopausal breast tissue, less
than 10% of cells express ER on average [10–14]. An
even smaller percentage of cells in normal breast tissue
are proliferating at any time [14–16]. The observation
that the population of cells expressing ER and the

population of dividing cells are almost mutually exclu-
sive led to the suggestion that estrogen controls division
of ER) stem cells via a paracrine mechanism; ERþ cells
act as estrogen sensors, transmitting growth factors to
ER) precursor cells [15–18].
It is likely that all breast cancers contain some cells

that express ER, but the classification of cancers as ERþ
is based on some minimum level of ER expression, with
considerable variation among studies in the choice of the
threshold level [19]. The percentage of tumor cells
expressing ER varies widely, but for most ERþ cancers
the percentage lies between 20% and 80% [15, 20]. Thus,
in terms of the percentage of cells expressing ER, ER)
cancers are much more like normal, premenopausal
breast tissue than are ERþ cancers. A recent examin-
ation of the expression level of 8102 genes revealed that
the overall gene expression patterns of ER) cancers are
much more similar to normal breast tissue expression
patterns than are those of ERþ cancers [21]. If the
proliferation of cells in intermediate lesions in the
development of ER) cancers is, as in normal breast
tissue, dependent on the estrogen-modulated paracrine
growth signal from ERþ cells (either in the developing
tumor or in the adjacent normal breast tissue), then the
large drop in estrogen levels after menopause may lead
to a cessation of growth of ER) intermediate lesions, or
even a reduction in the number of intermediate cells [22].
The incidence rate of ER) breast cancers would cease to
increase with age after menopause under this model,
because of the stable or diminishing pool of intermediate
cells. Presumably, the final transformation step in an
intermediate cell results in ER) cancer, with hormone-
independent, autonomous growth.
The continuing increase with age after menopause in

the incidence of ERþ cancers may also be explained, at
least in part, by the suggested paracrine model for
growth of intermediate lesions. Intermediate lesions
with large numbers of ERþ cells may have a growth
advantage in the postmenopausal breast [23]. Even in
the low-estrogen environment after menopause, there
may be sufficient production of growth factors in such
lesions to support continued division of ER) cells. In
addition, the percentage of proliferating ERþ cells
increases somewhat after menopause [11, 14, 24–26],
and is higher in proliferative breast lesions than in
normal breast tissue [14, 26, 27]. That is, the increase in
ERþ cancers with age probably also reflects, to some
extent, increased division of ERþ cells. There are,
however, almost never more ERþ dividing cells than
ER) dividing cells in proliferative lesions in the breast
[14, 26, 27], and limited data suggest that this may also
be true for most cancers; ER) cells had higher prolif-
eration rates than ERþ cells in ten of 14 ERþ breast

Fig. 4. The 5-year age-specific breast cancer incidence rates for black

and white US men from 40 through 84 years of age by estrogen

receptor status of breast cancer.
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cancers examined [28]. Thus, although increased divi-
sion of ERþ cells almost certainly contributes to the
large number of cancers classified as ERþ (because the
classification is based on exceeding a fixed, low thresh-
old value for ER expression), the division of ER) cells
appears to be important even in the growth of ERþ
cancers.
The observed variation in the percentage of ERþ

cells in breast tumors appears to reflect, at least in part,
variation in ER expression in normal tissue, as previ-
ously suggested based on studies of tumor and normal
tissue from breast cancer patients [24]. Indeed, there is a
positive association between the level of ER expression
in tumor tissue and normal breast tissue from breast
cancer patients [25, 29, 30]. The percentage of normal
breast cells expressing ER increases after menopause
[11, 13, 14, 31, 32], as does the percentage of ERþ breast
cancers. The percentage of normal breast cells express-
ing ER is much lower in Japanese women than
Caucasian women [33], consistent with the lower per-
centage of ERþ cancers in Japanese women [1, 34, 35].
A higher percentage of normal breast cells express ER in
men than in women [13], men also have a higher
percentage of ERþ cancers (Table 1). ERþ cells are
concentrated in the luminal epithelial cells and appear to
be absent in myoepithelial and stromal cells in normal
breast tissue [10, 12, 13, 36], ERþ cancers have gene
expression patterns similar to luminal epithelial cells,
while ER) cancers have gene expression patterns similar
to myoepithelial cells [21]. All of these associations
suggest that the ER status of a cancer may be deter-
mined, at least in part, by the local ER expression
characteristics of the tissue in which the tumor origi-
nates. Thus, consideration of factors related to variation
in ER expression in normal breast tissue may shed light
on the wide variation of ER expression in breast
cancers.
The slope of the age-effect curves from the age–

period–cohort analyses decreased in the late 30s for both
ER) and ERþ cancers. The decreases are highly
significant for both ERþ and ER) cancers. The timing
of the decrease may coincide with the onset of lobular
involution, which begins well before menopause [37]. It
has been suggested that abnormal involution may play a
role in breast cancer etiology [38, 39], and there is
evidence for ethnic variation in the age of onset of
involution [40]. Thus, differences between white and
black women in the hormone receptor status of breast
cancers may reflect, at least in part, racial differences in
the process of involution. The smaller slope for ER)
cancers than ERþ cancers in older men was unexpected;
the implications of such a difference, if confirmed, are
unclear.

Although the distribution of cancers by hormone
receptor status in a population will undoubtedly have a
profound effect on the shape of the age-specific inci-
dence curve for that population (cf. Figures 1 and 2), it
seems unlikely that the decrease in age-specific breast
cancer rates with age in older Japanese women is
completely explained by the lower percentage of
ERþPRþ cancers in Japan [1]. Over half of Japanese
cancers are ERþ [34, 35], and our results show that the
age-specific rates for both ERþPRþ and ERþPR)
cancers increase significantly above 50 years of age. If
the patterns of age-specific rates by ER status for
Japanese women are similar to those for white women
and black women in the US, then the slight decrease in
ER) incidence rates in women over the age of 50 would
not compensate for the larger increase in ERþ cancers
to produce a decrease in rates for all breast cancers in
older women.
The main strength of our study is the large popula-

tion-based sample of breast cancer cases for both white
women and black women. A potential weakness is that
hormone receptor status was obtained from community
laboratories, and thus was obtained using different
methods and different threshold levels. The difference
between ERþ and ER) cancers in the rate of increase in
age-specific rates after menopause was observed in all 11
SEER locations, however, indicating that this difference
is robust to laboratory variation. In addition, the
distribution of breast cancers in white US women by
joint ER/PR status was virtually identical to the
distribution in Danish women assayed in a single
laboratory [1]. Hormone receptor status was not avail-
able for all cases, but there is no reason to think that the
absence of hormone receptor information in medical
records would depend on hormone receptor status.
Hormone receptor status was more likely to be missing
in women under 35 or over 70 years of age, but the
difference in the shape of the age-specific curves by
hormone receptor status is evident even when the
youngest and oldest women are excluded from consid-
eration. We could not adjust directly for differences in
known breast cancer risk factors, and since some risk
factors are known to have very different impact in old
women than young women, differences attributed to age
could reflect differences in risk factors (e.g. different
childbearing practices in old and young women). The
difference in risk pattern by age for ERþ and ER)
cancers was unaffected by adjustment for birth cohort
and calendar period, however, suggesting that the
difference is primarily age-related.
The wide variation in percentage of cells expressing

ER, both among women for normal breast tissue and
among cancers, raises questions about the usefulness of
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the ERþ/ER) dichotomization of tumors in etiologic
investigations [1]. The dichotomous classification of
cancers as strictly ERþ or strictly ER) based on a low
threshold level of ER expression has clinical utility, and
can be interpreted as defining a relatively stable pheno-
type [41]. The dichotomous classification encourages the
consideration of ER status as a clonal characteristic;
however, it is, in fact, a quantitative characteristic with
extreme variation [20]. The quantitative nature of ER
expression should be taken into account in analyses of
epidemiologic studies.
There are questions about whether breast cancers with

different hormonal receptor status have different risk
factors [1]. Examination of all studies that have inves-
tigated risk factors for breast cancers by ER receptor
status show few differences between risk factors for
ERþ and ER) cancers [42–51]. The factor which shows
the strongest evidence for a possible interaction by ER
status is parity. Subgroup analyses are difficult to
interpret because of the increased likelihood of false-
positive results, but while nulliparity is consistently a
risk factor for ERþ breast cancers, the association
between nulliparity and risk of ER) breast cancer is less
clear. In four studies that could be stratified by both
menopausal status and ER status, nulliparity appeared
to be protective for ER) cancers in postmenopausal
women in three [42, 43, 49], but not the fourth [46]. The
possibility that risk factors differ by hormone receptor
status, including possibly PR receptor status, deserves
further investigation.
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