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A B S T R A C T

Purpose
To assess trends in invasive breast cancer and ductal carcinoma in situ (DCIS) incidence in
association with changes in hormone therapy (HT) use in regular mammography screeners.

Methods
We included 2,071,814 screening mammography examinations performed between January 1997
and December 2006 on 696,385 women age 40 to 79 years; 9,586 breast cancers were diagnosed
within 12 months of a screening examination. We calculated adjusted annual rates (mammogram
level) for prevalent HT use, incident invasive breast cancer (overall and by tumor histology and
estrogen receptor [ER] status), and incident DCIS.

Results
After a precipitous decrease in HT use in 2002, the incidence of invasive breast cancer decreased
significantly in 2002 to 2006 among women age 50 to 69 years (Ptrend(2002-2006) � .005) and 70 to
79 years (Ptrend(2002-2006) � .003) but not in women age 40 to 49 years (Ptrend(2002-2006) � .45).
DCIS rates significantly decreased in women age 50 to 69 years after 2002 (Ptrend(2002-2006) � .02).
Invasive ductal tumors significantly declined in women age 50 to 69 years and 70 to 79 years in
2002 to 2006. In women age 50 to 69 years, invasive lobular and ER-positive cancer rates declined
steadily in 2002 to 2005 (Ptrend(2002-2005) � .02 and .03, respectively), but an elevated rate in 2006
rendered the overall trend nonsignificant (Ptrend(2002-2006) � .89 and .91, respectively).

Conclusion
In parallel to the sharp decline in HT use in women undergoing regular mammography
screening, invasive breast cancer rates decreased in women age 50 to 69 and 70 to 79 years
after 2002, and DCIS rates decreased in women age 50 to 69 years, consistent with evidence
that HT cessation reduces breast cancer risk. However, the decrease in incidence may have
started to level off in 2006; this finding has not been uniformly reported in other populations,
warranting further investigation.

J Clin Oncol 28:5140-5146. © 2010 by American Society of Clinical Oncology

INTRODUCTION

After a steady increase in breast cancer incidence
throughout the 1990s,1 an unprecedented decrease
in incidence of 6.7% occurred from 2002 to 2003.2

Implicated in this decline was the dramatic decrease
in postmenopausal hormone therapy (HT) use3,4

that ensued from the July 2002 report of the Wom-
en’s Health Initiative (WHI), indicating that the
risks of estrogen plus progestin (E�P) therapy out-
weigh its benefits.5

Supporting a direct association between HT
cessation and the decline in breast cancer were ob-
servations that the decrease occurred primarily in
women older than age 50 years, the age group with
the highest prevalence of HT use, and in estrogen
receptor (ER) –positive rather than ER-negative tu-
mors.2,6 Additionally, several ecologic studies in the

United States, Canada, Europe, and Australia6-12 re-
ported temporal correlations between HT discon-
tinuation and decreased breast cancer incidence.
The highest level of evidence came from the WHI
itself in which marked declines in breast cancer inci-
dence were observed among HT users shortly after
termination of the E�P trial and discontinuation
of HT.13

The decrease in screening mammography use
observed in 2003, particularly in women age 50 to 64
years,14 was also postulated to contribute to the
downward turn in breast cancer incidence. To con-
trol for the effect of temporal changes in screening
mammography, we have previously investigated
trends in breast cancer incidence in relation to HT
use in a regularly screened population of women
within the Breast Cancer Surveillance Consortium
(BCSC). In women age 50 to 69 years, we observed
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an annual decrease in HT use of 7% in 2000 to 2002 and 34% in 2002
to 2003. The incidence of invasive breast cancer declined in parallel at
the annual rate of 5% in 2000 to 2003, and the incidence of ER-positive
tumors decreased by 13% annually in 2001 to 2003.15

Although existing evidence supports a major role for HT discon-
tinuation in breast cancer trends, there is still a major unanswered
question in this association. It is unknown whether HT cessation leads
to a delay in the clinical detection of tumors, resulting in reduction of
short-term but not long-term incidence rates. Therefore, ongoing
monitoring of temporal trends in breast cancer in relation to HT use
is warranted.

In this study, we sought to update our previous findings15 using
longer follow-up data and extend them by investigating trends in rates
of HT use and breast cancer incidence (invasive and in situ disease
separately) in different age groups of women (40 to 49, 50 to 69, and 70
to 79 years) undergoing regular mammography screening and by
assessing trends for invasive disease by histologic type (invasive ductal
cancer [IDC], invasive lobular cancer [ILC], and mixed invasive duc-
tal and lobular cancer [IDLC]) and by ER status (ER positive, ER
negative, and ER unknown).

METHODS

Study Population

We pooled data from the following five mammography registries within
the National Cancer Institute–sponsored BCSC: the Carolina Mammography
Registry, Group Health Surveillance Project in Washington State, the New
Hampshire Mammography Network, the San Francisco Mammography Reg-
istry, and Vermont Breast Cancer Surveillance System. These registries collect
information on mammograms performed within their defined catchment
area and obtain cancer data by annually linking their participants to a state
tumor registry or a regional Surveillance, Epidemiology, and End Results
program. Each registry obtains annual institutional review board approval for
research procedures. All registries have Federal Certificates of Confidentiality
that protect research participants’ identities.

The study sample included 2,071,814 screening mammography exami-
nations performed between January 1, 1997, and December 31, 2006, on
696,385 women age 40 to 79 years. Thirty-three percent of the women had a
single mammogram included in the study, 45% had two to four mammo-
grams, and 22% had five or more mammograms. A screening mammogram
was defined as a bilateral examination performed for routine screening, as
indicated by the radiologist, with no other breast imaging performed within
the prior 9 months.16 Mammograms were included if earlier mammography
had occurred within the prior 9 to 30 months (to ensure that women were
regular screeners) and if women had no history of breast cancer, had nonmiss-
ing HT data, and had no breast implants or mastectomy.

Data Collection

At each mammogram, women completed a self-administered question-
naire that included information on demographics, current use of HT, and
personal breast history. Breast cancer incidence was defined as diagnosis of
invasive carcinoma or ductal carcinoma in situ (DCIS) within 12 months of a
screening examination and before the next screening examination. Lobular
carcinoma in situ was not included as breast cancer. Invasive cancers were
classified according to their histology (ILC, IDC, or IDLC) and ER status (ER
positive, ER negative, or ER unknown).

Statistical Analyses

Analyses were stratified by age group and used the screening mammo-
gram as the unit of analysis. Marginal standardization17,18 was used to calcu-
late adjusted annual cancer rates (per 10,000 mammograms). This method
entailed first fitting a logistic regression model for the cancer outcome. Models
included indicator variables denoting each examination year and were ad-

justed for mammography registry, time since prior mammogram (9 to 18 or
19 to 30 months), and age at examination. Using the model’s estimated
probability of cancer in each study year for each combination of registry, prior
mammography, and age, we calculated adjusted annual cancer rates as a
weighted average of these probabilities with weights based on our study pop-
ulation in the year 2000 to ensure a standard registry, screening, and age
distribution over time. CIs for rates were computed using simulations in which
100,000 values of the logistic regression parameter estimates were sampled
from their estimated joint multivariable normal distribution and used to
calculate adjusted cancer rates. The 95% CIs were based on the 2.5 and 97.5
percentiles of simulated values. Additionally, we tested for linear trends in the
log-odds of cancer before and after 2002 using two-sided Wald tests.

Analyses were repeated for each cancer outcome. Similar models were
performed to obtain adjusted prevalence rates for HT use. SAS (version 9.1;
SAS Institute, Cary, NC) was used for analysis.

RESULTS

Population Characteristics and Breast

Cancer Outcomes

The study population’s characteristics in year 2000 (at the mam-
mogram level) are listed in Table 1. A total of 9,586 breast cancers were
diagnosed over the entire study period. The proportion of breast
cancers that were DCIS decreased with age from 27% in women age 40
to 49 years to 19% in women age 70 to 79 years. The distribution of
invasive cancers by histology was similar across all age groups. The
proportion of ER-positive tumors was highest in women age 70 to 79
years (72%), whereas ER-negative carcinomas were most common in
women age 40 to 49 years. Cancers of unknown ER status were ob-
served slightly more frequently in the older age groups (Table 2).

HT Use Before and After 2002

In 1997 to 2001, HT use had a steady rate of 4,800 per 10,000
screening mammograms in women age 50 to 69 years. An annual
decline of 18% was observed in 2002, followed by a precipitous

Table 1. Population Demographics and Clinical Characteristics in the
Year 2000 at the Mammogram Level

Demographic or Clinical
Characteristic

Age Group

40-49 Years 50-69 Years 70-79 Years

No. of screening
mammograms 62,336 116,877 32,567

Age, years
Mean 45.0 58.1 74.0
SD 2.7 5.7 2.8

Body mass index
Mean 26.5 27.4 26.5
SD 6.1 5.9 5.0

Current hormone
therapy use,� % 15.9 48.1 28.7

Time between screening
examinations, %

9-18 months 64.5 74.7 74.2
19-30 months 35.5 25.3 25.8

NOTE. Mammograms were contributed by 62,284 women age 40 to 49
years, 116,761 women age 50 to 69 years, and 32,554 women age 70 to 79
years. Some women contributed mammograms to more than one age group.

Abbreviation: SD, standard deviation.
�Hormone therapy includes estrogen alone and estrogen plus proge-

stin formulations.
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decrease of 38% in 2003. The rates continued to decrease, reaching
approximately 1,300 per 10,000 screening mammograms in 2006.
Trends in HT use followed a similar pattern in women age 40 to 49 and
70 to 79 years (Fig 1).

Invasive Cancer and DCIS

The annual rates of invasive breast cancer and DCIS remained
fairly stable from 1997 to 2006 among women age 40 to 49 years
receiving screening mammograms (Fig 2A). In women age 50 to 69
years, rates of invasive breast cancer did not vary significantly from
1997 to 2002 (Ptrend(1997-2002) � .94). However, parallel to the rapid
decline in HT use beginning in 2002, a significant trend for decreas-
ing breast cancer incidence was observed, with rates decreasing
sharply from 40 cancers per 10,000 mammograms (95% CI, 36 to
43 cancers per 10,000 mammograms) in 2002 to 31 cancers per
10,000 mammograms (95% CI, 28 to 34 cancers per 10,000 mam-
mograms) in 2005 (Ptrend(2002-2005) � .001). The incidence rate then
increased to 35 cancers per 10,000 mammograms in 2006, with the
overall decreasing trend in 2002 to 2006 remaining statistically
significant (Ptrend(2002-2006) � .005).

Unlike the stable rates of invasive cancer before 2002, rates of
DCIS showed an increase from 1997 to 2002 (Ptrend(1997-2002) � .008)
in women age 50 to 69 years. However after 2002, the incidence of
DCIS followed a similar pattern to that of invasive cancer, exhib-
iting a significantly decreasing trend from 13 cancers per 10,000
mammograms in 2002 to nine cancers per 10,000 mammograms in
2005 (Ptrend(2002-2005) � .001), then increasing to 11 cancers per
10,000 mammograms in 2006 (Ptrend(2002-2006) � .02; Fig 2B).

In women age 70 to 79 years, invasive breast cancer rates did not
vary significantly from 1997 to 2002 (Ptrend(1997-2002) � .59). Between
2002 and 2006, a significant trend of lower invasive breast cancer

Table 2. Distribution of Breast Cancers by Histology and ER Status
From 1997 to 2006

Breast Cancer

Age Group of Women (% of cancers)

40-49 Years
(n � 1,712�)

50-69 Years
(n � 5,748�)

70-79 Years
(n � 2,126�)

Invasive cancer 73.3 76.9 81.3
DCIS 26.7 23.1 18.7
Invasive cancer histology

Ductal 75.8 76.1 75.4
Lobular 8.0 8.2 9.1
Mixed 8.5 8.2 8.4

Invasive cancer ER status
Positive 66.8 67.8 71.9
Negative 18.2 15.3 10.8
Unknown 14.9 16.8 17.2

Abbreviations: ER, estrogen receptor; DCIS, ductal carcinoma in situ.
�No. of cancers.
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Fig 1. Rates of current postmenopausal hormone therapy (HT) use (per 10,000
screening mammograms) in 1997 to 2006, by age group, adjusted for age, time
since prior mammogram, and Breast Cancer Surveillance Consortium registry.
Also shown are annual percent changes in HT use by age group.
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Fig 2. Annual incidence rates (and 95% CIs) of invasive breast cancer and
ductal carcinoma in situ (DCIS) in the Breast Cancer Surveillance Consortium
(BCSC) in 1997 to 2006 by the following age groups: (A) age 40 to 49 years;
(B) age 50 to 69 years; and (C) age 70 to 79 years. Rates are given per 10,000
screening mammograms and adjusted for age, time since prior mammogram,
and BCSC registry. Also shown are annual percent changes in cancer rates
and tests for trends in the log-odds of cancer before and after 2002.
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incidence was observed (Ptrend(2002-2006) � .003), where the rate
decreased from 54 cancers per 10,000 mammograms in 2002 to 45
cancers per 10,000 mammograms in 2006. DCIS rates ranged from 12
cancers per 10,000 mammograms in 1997 to nine cancers per 10,000
mammograms in 2006, with no significant trends observed before or
after 2002 (Fig 2C).

IDC, ILC, and IDLC

In women age 40 to 49 years, rates of IDC, ILC, and IDLC were
stable throughout the study period, showing no significant trends
before or after 2002 (Fig 3A). In women age 50 to 69 years, there
was no significant trend in the rates of IDC from 1997 to 2002
(Ptrend(1997-2002) � .88). After 2002, a significant decline in IDC
incidence was observed, where the rate decreased from 31 IDCs per
10,000 mammograms in 2002 to 24 IDCs per 10,000 mammograms in
2005 (Ptrend(2002-2005) � .001). The rate increased to 27 IDCs per 10,000
mammograms in 2006, but the overall trend from 2002 to 2006 re-
mained significant (Ptrend(2002-2006) � .02). A nonsignificant trend in
ILC rates from 1997 to 2002 was followed by a decline in incidence
from 2002 (three ILCs per 10,000 mammograms) to 2005 (two
ILCs per 10,000 mammograms; Ptrend(2002-2005) � .02). In 2006,
however, an increase in ILC rate to four ILCs per 10,000 mammo-
grams rendered the overall trend in 2002 to 2006 not statistically
significant (Ptrend(2002-2006) � .89). Rates of IDLC remained rela-
tively stable throughout the study period (Fig 3B).

In women age 70 to 79 years, rates of IDC were stable before 2002
but were observed to decrease with a significant trend after 2002
(Ptrend(2002-2006) � .006). No significant changes in the rates of ILC or
IDLC occurred before or after 2002 (Fig 2C).

ER Status

There were no significant changes in rates of cancer by ER
status in women age 40 to 49 years receiving screening mammo-
grams (Fig 4A). In women age 50 to 69 years, no significant trend in
the annual incidence of ER-positive tumors was observed between
1997 and 2002. This was followed by a significantly decreasing
incidence from 25 ER-positive tumors per 10,000 mammograms in
2002 to 21 ER-positive tumors per 10,000 mammograms in 2005
(Ptrend(2002-2005) � .03). In 2006, however, an increase in inci-
dence to 27 ER-positive tumors per 10,000 mammograms ren-
dered the overall trend in 2002 to 2006 not statistically significant
(Ptrend(2002-2006) � .91). Rates of ER-negative tumors decreased
from nine ER-negative tumors per 10,000 mammograms in 1997
to six ER-negative tumors per 10,000 mammograms in 1998 but
then stabilized for the rest of the study period (Fig 4B).

In women age 70 to 79 years, a nonsignificant trend in rates of
ER-positive tumors before 2002 was followed by a moderately
decreasing trend after 2002 (Ptrend(2002-2006) � .06). Across all study
years, no significant trends in ER-negative cancer incidence were
observed (Fig 4C). In all age groups, annual rates of ER-unknown
cancer were found to decrease after 2002 (age 40 to 49 years,
Ptrend(2002-2006) � .001; age 50 to 69 years, Ptrend(2002-2006) � .001; age
70 to 79 years, Ptrend(2002-2006) � .06).

DISCUSSION

We investigated trends in incidence of invasive breast cancer and
DCIS in relation to changes in HT use in a population of women

undergoing regular screening mammography. Concomitant with a
rapid decline in HT use beginning in 2002, we observed significant
decreases in invasive breast cancer incidence in 2002 to 2006 among
women age 50 to 69 and 70 to 79 years undergoing regular mammog-
raphy, but not in women age 40 to 49 years. Rates of DCIS were
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Fig 3. Annual incidence rates (and 95% CIs) of invasive ductal, lobular, and
mixed breast cancer in the Breast Cancer Surveillance Consortium (BCSC) in
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observed to decline significantly after 2002 in women age 50 to 69
years, but not in the other age groups.

Our invasive breast cancer results corroborate previous findings
by our group and others indicating an association between declining
HT use and decreasing breast cancer incidence.6-13,15 Recently,

Coombs et al19 modeled the direct impact of HT cessation on breast
cancer in the United States. They reported that the 52% decline in HT
use between 2000 and 2005 resulted in a 2% to 8% reduction in breast
cancer incidence in women age 40 to 79 years, suggesting that changes
in HT could provide partial to full explanation of the decreasing trend
in breast cancer.19 As expected, the decline in invasive cancer in our
study was more prominent in women age 50 to 69 and 70 to 79 years,
the age groups with higher prevalence of HT use and steeper cessa-
tion rate.

To our knowledge, this is the first study to report a significant
decline in DCIS rates in relation to the decrease in HT use in a
population undergoing regular mammography screening. HT use has
been associated with higher DCIS risk in two prospective studies. The
Million Women Study reported a 56% increased risk for DCIS in HT
users,20 and the BCSC reported a 39% increased risk among women
who used E�P for 5 years or more.21 Studies that looked at recent
trends in DCIS have mostly reported no change in rates.6,15 In one
study using national data from state population-based cancer regis-
tries, the incidence of DCIS was found to increase between 1999 and
2004, with the rates being 8% higher in 2004 than in 1999. Despite the
overall increase, the report indicated a decline in DCIS rates in 2002
and 2003.22 Given our longer follow-up, we may have been more able
to observe the declining trend than the previous studies. Our DCIS
findings are in line with a recent report from the BCSC that observed
declines in rates of atypical ductal hyperplasia in parallel to the de-
crease in HT use.23

The effect of HT on breast cancer risk is thought to vary by tumor
histologic type. In a meta-analysis of observational studies, the risk of
HT was found to be greater for ILC and IDLC than IDC.20 However,
the WHI randomized trial indicated a similar distribution of tumor
histologic types in the E�P treatment and placebo groups, although
statistical power was limited to detect differences.24 A recent report
looking at trends in ILC and IDC showed a decline in both rates in
1999 to 2004, albeit of stronger magnitude for ILC (annual percent
change for ILC, �4.6%; annual percent change for IDC, �3.3%).22

Our study results are in line with these findings in that we observed a
decreased incidence of IDC in women age 50 to 69 and 70 to 79 years
only, consistent with a large, absolute decline in HT use in these
women. We also observed a significantly decreasing trend in ILC rates
in women age 50 to 69 years in 2002 to 2005; however, this trend was
nonsignificant when examining the 4-year period from 2002 to 2006.
The low rate of ILC makes it difficult to characterize the incidence
pattern for this histologic type.

The decreasing trend in ER-positive tumor rates, but not ER-
negative tumor rates, in the older age groups is expected and confirms
previous reports.2,6,15,25 We observed that the rates of ER-unknown
cancers have decreased significantly across all age groups in the latter
years. This is consistent with the fact that testing tumors for ER status
has increasingly become standard of care in clinical oncology over the
past years.26

Saturation in screening mammography27 and the decrease in
mammography rates in 2003,14 particularly in women age 50 to 69
years, were proposed to contribute to the decline in breast cancer
incidence. Given that our study population was restricted to women
undergoing mammography and our analyses were adjusted for time
between screening examinations, the effect of changes in mammogra-
phy use is unlikely to explain our findings. However, this does not
preclude a contribution of screening mammography to the decline in
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Fig 4. Annual incidence rates (and 95% CIs) of invasive estrogen receptor (ER)
–positive, ER-negative, and ER-unknown breast cancer in the Breast Cancer
Surveillance Consortium (BCSC) in 1997 to 2006, by the following age groups: (A)
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overall incidence in the broader population, although several studies
offer evidence against a screening mammography effect.8,13,28

One of the main questions in establishing a causal relationship
between HT cessation and breast cancer incidence relates to whether
the rapid decline in incidence is biologically plausible. An immediate
effect of HT cessation is in fact compatible with the role of estrogen as
promoter rather than initiator of breast tumorigenesis.29 Thus, with-
drawal of HT may halt the progression of pre-existing tumors or even
cause them to regress completely. The rapid decline is also consistent
with epidemiologic evidence that the elevated risk of breast cancer
with current HT use decreases after cessation and is almost completely
eliminated by 5 years after treatment discontinuation.20,30 In the Mil-
lion Women Study, the relative risks associated with past HT use were
reduced proportionally to time since cessation.20 More recent evi-
dence from the WHI study indicated marked reductions in breast
cancer risk within 1 year of discontinuing combined HT (E�P clinical
trial: 28% reduction in rates from the last year of the trial to the first
year after intervention; observational study: 43% reduction from 2002
to 2003).13

Another unanswered question is whether the decline in breast
cancer continues as the rates of HT use stabilize. Notably, we observed
that the incidence rates for the majority of outcomes in women age 50
to 69 years tended to increase in 2006, compared with the prior year, as
the decline in HT use started to level off. This could be explained by the
fact that HT cessation may have slowed down the growth of tumors
but did not cause them to regress completely, resulting in subsequent
detection. Studies investigating recent trends in breast cancer rates
have reported conflicting results.8,31,32 One study reported a nonsig-
nificantly increasing trend in 2005 to 2007,31 another observed a
stabilization in rates in 2005 to 2006,8 whereas another observed a
steady decline from 2003 to 2006.32 Thus, ongoing monitoring of rates
beyond 2006 is needed to verify whether the trend has indeed started
to stabilize.

The main limitation of our study was the lack of information on
HT formulations; therefore, we could not separate the effects of E�P
and estrogen-alone therapy. Results from the WHI HT trials indicated
that although E�P increased breast cancer risk,24 estrogen alone was

likely to have no effect or possibly decrease the risk.33 Another limita-
tion is that we assessed current HT status only, and no data were
available on prior HT use, including duration and recency. Further-
more, the rarity of ILC and IDLC hindered our drawing stronger
conclusions regarding trends in incidence for these histologic types.

In conclusion, our study provides further support for the role of
HT discontinuation in the decreasing incidence of invasive breast
cancer, as well as DCIS. Our results also hint to the possibility that the
decrease in breast cancer may not persist; however, this finding cer-
tainly requires confirmation using longer monitoring of incidence
rates. It is reassuring that the effect of HT on breast cancer risk is
reversed soon after discontinuation of therapy. However, given that
the effect may not be long term for all tumors influenced by HT, the
use of HT for the management of menopausal symptoms should be
limited to the shortest duration possible.
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