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Abstract

Background: A few studies have observed reduced breast cancer mortality in women who used
hormone therapy (HT) prior to diagnosis. Due to the high prevalence of past and current hormone
use, it is important to investigate whether these preparations are related to breast cancer mortality.

Methods: To evaluate the influence of prediagnostic use of HT on breast cancer mortality, a
prospective cohort of 12,269 women aged 50 years or more diagnosed with incident invasive breast
cancer and residents of Wisconsin, Massachusetts, or New Hampshire, US were enrolled in three
phases beginning in 1988. They were followed for death until December 31, 2005 using the National
Death Index. Cumulative mortality and multivariable adjusted hazard rate ratios (HRRS) for breast
cancer and other mortality causes were calculated for women according to any HT use, and for
exclusive use of estrogen or estrogen-progestin (EP).

Results: During an average 10.3 years of follow up, 1690 deaths from breast cancer were
documented. Cumulative mortality from breast cancer was lower among HT users, specifically
current users at the time of diagnosis, and EP users, compared to nonusers. Adjusted survival varied
by type and duration of HT prior to diagnosis. A reduced risk of death from breast cancer was
associated with EP preparations (HRR 0.73; 0.59-0.91) and with >5 years of EP use (0.60; 0.43-0.84).
No association was observed for women who were former or current users of E-alone preparations.

Conclusions: Although use of combined EP preparations increases breast cancer risk, in this study,
use of these hormones before diagnosis was associated with reduced risk of death after a breast cancer
diagnosis. The better survival among users, particularly of EP, persisted after adjustment of
screening, stage, and measured confounders.
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INTRODUCTION

Compelling evidence demonstrates that hormone therapy (HT) use, particularly formulations
containing progestins, increases breast cancer incidence (1,2). However, reduced breast cancer
mortality has been observed among women using HT prior to breast cancer diagnosis in several
studies (3-11). It is not yet clear whether associations with survival are attributable to the
hormones themselves, or to the healthier profiles, screening habits, or treatment choices of
women prescribed hormones (8-10). An inverse relation between HT use and breast cancer
mortality might also be explained by more favorable tumor profiles, and therefore improved
prognosis, among HT users compared with non-users (11-14).

A substantial proportion of women in the U.S. have used HT in their lifetimes, including about
half of postmenopausal U.S. women aged 50-69 years (15,16). Given the large number of
women with a history of HT use, an established risk factor for breast cancer incidence, it is
important to establish whether the use of these preparations is also related to survival. Previous
studies have been limited by modest sample sizes, restriction to high-risk groups, and inability
to evaluate the characteristics of users and subtypes of tumors (3-6,11,17-19). We therefore
examined the relation between prediagnostic HT use and mortality (from breast cancer and all
causes) in a study that addressed these limitations, using data from a well-characterized cohort
of 12,269 women with incident invasive breast cancer (20,21).

MATERIALS AND METHODS

Collaborative Breast Cancer Study Cohort

The Collaborative Breast Cancer Study Cohort began in 1988 as a multi-site population-based
case-control study of risk factors for breast cancer (20,21). A total of 18,269 women with
incident invasive breast cancer were enrolled during three successive phases of this study. Age
eligibility varied over the course of the study which included women aged 20-74 years in phase
1 (1988-91), aged 50-79 years in phase 2 (1992-95) and aged 20-69 years in phase 3
(1997-2001). Approximately 81% of eligible case women participated in the case-control
study.

Ascertainment of Exposure

All subjects completed a structured telephone interview that included detailed information on
prediagnosis use of HT, including formulation, routes of administration, frequency for each
episode of use, and information on other breast cancer risk factors, specifically reproductive
and menstrual history, consumption of specific foods and beverages including alcohol, physical
activity, height and weight history, medication use, and personal and family history of cancer.
Women were asked to report exposures occurring in the year prior to diagnosis, approximately
two years prior to interview. Format of the questions on HT use varied slightly depending on
period of data collection; all versions after 1989 elicited a standard history of HT, including
type, duration, age started and time since last use. Other questions were phrased somewhat
differently, but were readily summarized across study periods. For example, questions on
mammaography screening always asked about regular screening the year prior to diagnosis but
the completeness of history differed somewhat by study instrument.

Clinical information obtained from state cancer registries included date of diagnosis, extent of
disease (local, regional and distant) and histology (22). In Wisconsin only, information was
available on the first course of treatment (surgery, chemotherapy, radiation, and hormonal
treatment).
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Population for Analysis

The analysis was limited to women aged 50 years or more at the time of diagnosis, for
consistency with all three studies (n=14,462). The following women were excluded: 1,407
were interviewed before complete HT questions were included in the interview; 662 had
missing information on HT usage; 116 used hormones before age 40 or surgical menopause,
and 8 women were lost during follow up. Thus, 12,265 women were included in the analysis.

Identification of Deaths

Deaths were ascertained up to December 31, 2005 using automated searches of the National
Death Index (23). The underlying cause of death on the death certificate was assighed according
to the International Classification of Diseases, Ninth Revision (ICD-9) (though 1998) (24) and
ICD-10 (1999-2005) (25). We evaluated both death from breast cancer (ICD-9 codes 174 and
ICD-10 codes C50), and all-cause mortality. Deaths from other causes, specifically
cerebrovascular (ICD-10 160-169 and cardiovascular disease (ICD-10, 100-109, 111, 113, 120-
I51) were also examined.

Statistical Analysis

Survival time was calculated as the number of months from date of diagnosis to date of death,
or December 31, 2005 for surviving women. Women were classified as ever/never having used
HT; women who had ever used HT were then further classified by current use or former use
of HT in the year prior to diagnosis. HT exposure by type of preparation was assessed as
estrogen alone (“E-alone™) or combined estrogen and progestin (“EP”) when women had
exclusively used one of these HT types; otherwise, HT was assessed as use of any preparation
(“any HT”). We also examined the duration (<5, > 5 years) and timing (current, former) of use.
To determine the risks of dying from breast cancer according to HT (never, any HT, E-alone,
EP and by recency of any HT use), we used life table techniques to calculate estimated
cumulative incidence of death, a statistical method that accounts for the presence of competing
risk (e.g., death from causes other than breast cancer) (26).

Cox proportional hazards regression was used to estimate the adjusted hazard rate ratio (HRR),
interpreted here as a rate ratio, and corresponding 95% confidence intervals (95% CI) for death
according to categories of HT use (27). All regression models were stratified on study center,
year of interview, and exact age at diagnosis. Potential confounders included in multivariate
models were body mass index (BMI, kg/m?2) in quartiles, smoking status, history of regular
mammography screening, time from date of diagnosis to interview, and menopausal status.
Women were classified as postmenopausal if they reported having a natural menopause or
hysterectomy with bilateral oophorectomy prior to diagnosis. Women with hysterectomy
without bilateral oophorectomy were considered postmenopausal if they were >55 years of age
at diagnosis (or >54 for smokers). All reported P values are two sided and statistical
significance was evaluated at 0.05. All analyses were performed using SAS version 9.1 (SAS
Institute, Inc., Carey, NC).

RESULTS

Women were followed, on average, for 10.3 years from diagnosis. A total of 3,953 deaths were
documented, including 1,690 from breast cancer. Women who used HT were younger, of lower
BMI, were more likely to have a history of mammographic screening, and more likely to be
diagnosed with a local stage of disease than nonusers (Table 1). EP users were more likely than
other HT users to be younger, of lower BMI, never smokers, report regular mammographic
screening and to be diagnosed with local stage disease.
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Cumulative breast cancer mortality differed depending on whether the woman had ever used
HT, and was statistically significantly lower in current users in the year prior to diagnosis
(Figure 1). The lowest cumulative mortality was observed among women using EP (Figure 2).

Overall, there was a significant inverse association between ever having used any HT and breast
cancer mortality (adjusted HRR 0.87, 95% CI: 0.78-0.98; Table 2). This multivariate HRR
associated with ever use of HT was attenuated from the crude HRR of 0.78, suggesting
appreciable confounding by body mass index, history of mammaography, and other covariates
in the model. Mortality was significantly reduced in current HT users (HRR 0.85, 95% ClI:
0.73-0.98) but not former users. After additional adjustment for stage of disease, HRRs changed
only slightly (HRR 0.87), suggesting little evidence of further confounding by extent of disease.
Among users of HT, breast cancer mortality was statistically significantly reduced for EP users
(HRR 0.73, 95% CI: 0.59-0.91) but not for E-alone (HRR = 0.89), however, these estimates
were not statistically significantly different.

For women using EP, breast cancer mortality varied according to duration and timing of use.
A significant reduction in breast cancer mortality associated with HT use was observed for
current users of EP (HRR: 0.69; 95% CI: 0.55-0.88) compared to never users of HT, and the
greatest benefit was observed for long-term users (>5 years, HRR: 0.60; 95% CI: 0.43-0.84).
In contrast, there was no statistically significant relation between former EP use of any duration,
and breast cancer mortality. For users of E-alone preparations, there were no statistically
significant associations between breast cancer mortality and current, former or duration of use.
Increasing time since last use did not appear to be significantly associated with this inverse
relation for either HT type (Pcontinuous >0-05, data not shown)

Results stratified by extent of disease showed statistically significantly lower HRRs among
women with breast cancer diagnosed at a regional stage of disease, but not with disease
diagnosed at a local stage. Among women diagnosed at a regional stage, HRR's were strongly
and significantly lower for both women currently using EP (HRR 0.59; 95% CI: 0.41-0.84)
and long-term users of EP (HRR 0.56; 95% CI: 0.34-0.93). The difference between HT by
stage was not statistically significant for any type, recency, or duration.

Breast cancer cases diagnosed with lobular (n=1,159) and non-lobular (n=11,110) disease
showed similar overall patterns in current E-alone and EP use and breast cancer mortality, with
two notable exceptions (data not shown). Current users of E-alone with lobular disease
experienced a halving in breast cancer mortality (HRR: 0.53; 95% CI: 0.30-0.96). In contrast,
among women with lobular disease, former EP users experienced a three-fold higher breast
cancer mortality (HRR 3.24; 95% CI: 1.05-9.99). Although few former EP users had lobular
breast cancer as an underlying cause of death, this elevated risk contrasts with the low HRR's
seen previously.

The associations with current HT were consistent according to age at diagnosis (<60 years,
>60 years, p=0.58) and BMI (<25.7 kg/m?, >25.7 kg/m?2, p=0.67). The results of analyses
stratified by state (NH, W1, MA) were also similar to the combined results, with no significant
heterogeneity observed. In a sub-analysis of Wisconsin women, where first course of treatment
was available, treatment-adjusted results were similar to results unadjusted for treatment (data
not shown).

Death from all causes was significantly lower both in current users of HT (adjusted HRR 0.75;
95% ClI: 0.68-0.83) and former HT users (adjusted HRR 0.87; 95% CI: 0.78-0.96; Table 3).
All cause mortality risks associated with type of preparation differed (p< 0.0001): current user
of E-alone was less strongly associated with risk (HRR 0.80; 95% CI: 0.71-0.91) than that
associated with EP (HRR 0.61; 95% CI: 0.50-0.73). Inverse relations with mortality also
differed by duration and type of preparation (p< 0.0001) among long-term users of EP (HRR
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0.55; 95% ClI: 0.43-0.71) compared with E-alone (HRR 0.82, 95% CI: 0.73-0.91). HT use was
not associated with mortality from other cancers besides breast cancer, or from cerbrovascular
diseases. However both E-alone and EP users had reduced risks of mortality from
cardiovascular disease (HRR 0.62; 95% CI 0.48-0.80 for E-alone and HRR 0.27; 95% ClI
0.12-0.57 for EP).

DISCUSSION

The extent to which specific HT use influences the risk of mortality among breast cancer cases
had been largely unknown, and no prior research has investigated whether or not this risk varies
by either patient or tumor characteristics. In this large population-based cohort of women with
breast cancer, current use of HT was associated with a moderately lower breast cancer specific
mortality when compared to never use of these preparations. Mortality was lowest among
current and long-term users of combined EP therapy. The present results provide the strongest
evidence to date that HT use is associated with the subsequent development of less aggressive
breast cancers through mechanisms that are not yet fully clear.

Evidence is limited on the relationship between HT use before breast cancer diagnosis and
mortality from this disease. This and other studies evaluated self-reported HT use before the
diagnosis of invasive breast cancer (3-5). Only one showed a statistically significant lower risk
of the association of pre-diagnostic HT use with case fatality in a cohort (n= 2,614 women)
with breast cancers assembled in a large breast cancer screening program (5). After adjustment
for age, race, BMI, tumor size, and number of positive lymph nodes, women using HT at the
time of diagnosis experienced approximately half the risk of dying of breast cancer in both
node-negative and node-positive disease, although this effect waned with increasing time since
diagnosis. These authors reported that the inverse association was no longer apparent after 4
years for node-positive disease and 12 years for node-negative disease, and thus this association
may reflect residual confounding due to screening for node-positive disease, but this is less
likely for node-negative disease, given the prolonged protection conferred. Limitations of the
study are that the results were not stratified by type of HT, and other relevant personal and
tumor characteristics.

In an earlier study, Bergkvist et al compared a group of 261 cases of breast cancer that had
taken E-alone prior to diagnosis with 6627 breast cancer cases identified through a population
cancer registry whose estrogen exposure status was unknown (3). After consideration of
mortality attributable to competing risks of death, the relative survival rate among previous
users of HT was suggestively higher when compared with the general cancer registry cases
with a greater reduction in breast cancer mortality in users of EP. Other investigators have
reported decreased all-cause mortality among women with breast cancer who had used HT,
though these studies made no adjustment for competing risks of death, potentially leading to
bias (4,6,11,28).

Studies have also generally shown lower breast cancer mortality with HT use in women initially
without cancer, although in one study the mortality effects observed with HT use appear to
wane over time, with increased breast cancer mortality observed among women using HT for
10 years of more (29). Because studies have consistently indicated a modestly increased risk
of developing breast cancer in HT users (30-33), these results suggest that breast cancers that
develop in HT users may be associated with a less aggressive course than breast cancers that
develop in nonusers (9,29,34-42). A further reason for lower case-fatality may be that the
cancers developing in women using HT are selected to be more hormonally responsive. Thus,
with termination of the promoting factor at diagnosis (HT use) and the use of anti-estrogen
treatment, now standard of care, these tumors would be expected to be associated with
improved prognosis.
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It has been suggested that the reduction in breast cancer mortality associated with HT use is
attributable to an earlier stage at diagnosis (3,19), which may be due to a higher likelihood of
screening among HT users (surveillance bias) (5) or the tendency for women who develop a
serious illness to stop taking HT (healthy estrogen-user effect) (43), rather than a modifying
effect of hormone use on tumor biology. We observed that the inverse association between HT
use and breast cancer mortality was limited to women originally diagnosed with regional, but
not localized, disease. It has been well-documented that HT users are likely to be screened
more aggressively than non-users (44) and have cancers that are diagnosed at an earlier stage
(45), despite evidence that use of postmenopausal hormones reduces both sensitivity and
specificity of screening mammograms (46). However, even in analyses that adjust for
screening, cancers that develop in HT users tend to be smaller (11,19), of lower grade (47),
have fewer positive axillary lymph nodes (11,19,48), lower tumor cell proliferation rate (49,
50), and have other clinically more favorable features (14,48). Yet, in the Women's Health
Initiative (WHI) randomized trial of the combined EP regimen, the rate of incident metastatic
breast cancer was similar regardless of HT assignment (2).

It may also be relevant to consider an effect of HT's on tumor growth after diagnosis. Although
rare, HT use initiated after diagnosis of breast cancer has been shown to have a beneficial (5,
17,51) or neutral (18) association with survival, and there has been no observed improvement
in survival associated with duration of use or route of administration (oral or vaginal cream)
(51).

In our study, we found better breast cancer survival among women who used combined EP
therapy before diagnosis. Widespread use of combined EP preparations began in the 1980's
(52) and most earlier mortality studies evaluated the use of E-alone formulations. Two previous
studies have reported more favorable prognostic profiles associated with combined estrogen-
progestin therapy relative to other types of HT. Magnusson et al. found that women receiving
acombined EP regimen were less likely to have tumors >20mm in diameter, but to have axillary
lymph node dissemination, and poorly differentiated, or aneuploid tumors at diagnosis (19).
Daling et al. observed that the tumors of users of continuous EP therapy (relative to E-alone
therapy or sequential EP therapy) were more likely to be estrogen receptor and progesterone
receptor positive (53), features that are associated with better prognosis. (14) Thus, our
observation of reduced mortality among users of combined HT might be expected, based upon
the generally favorable profiles of the tumors occurring among women using HT compared to
the tumors developing in non-users, or users of other regimens.

Our confidence in these study results is enhanced by the large sample size, mature follow-up,
and availability of comprehensive information on tumor stage and other covariates associated
with breast cancer mortality. Arising from a population-based study with high response rates,
the cohort reflected the spectrum of breast cancer as it occurs in the population. However, some
limitations should be considered when interpreting our results. This evaluation was based upon
HT use before diagnosis, approximately two years prior to interview. Participants were not
followed-up for changes in HT practices after breast cancer diagnosis, except on a subset of
the population that participated in a study of post-diagnosis diet and other factors, including
HT, in relation to breast cancer survival. In this actively followed sub-group, few women
(4.5%) reported use of HT—which has generally not been recommended after breast cancer
diagnosis (54). Thus, the uncommon use of post diagnostic HT is unlikely to have biased our
results. However, other exposures sustained or initiated after diagnosis may affect survival.
Unmeasured post-diagnosis characteristics of HT users, such as changes in weight and physical
activity, could influence the observed differences in survival according to HT use. To reduce
this possibility we excluded from the analysis women whose breast cancer was diagnosed at a
late stage and the results were unchanged.
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Screening is a particularly important covariate affecting breast cancer survival. In our
population, HT was associated with mammography; only 10% of HT users had never been
screened compared with 30% of never HT users. Surprisingly, stratification by mammography
screening suggested stronger inverse relations with HT, particularly with respect to EP use,
among women who were not screened compared to women who reported regular screening.
Limited sample sizes made it impossible to rule out chance in these associations, but the results
are generally reassuring in that characteristics as measured by screening use are unlikely to
have introduced bias. The examination of cause specific mortality may suggest some artifact
of unmeasured confounders, since HT users did have statistically significantly reduced
cardiovascular disease. Follow-up of cases randomized to receive HT prior to diagnosis, such
as in the WHI or HERS studies, will help address this limitation of observational studies.

We were unable to consider the ER/PR status of tumors in our analysis. As a common
phenotype of breast cancer tumors, the inability to control for receptor status is unlikely to
overestimate our estimates of survival by HT use; rather, the combination of all tumor types
increases the heterogeneity of our sample and may attenuate our results if HT use is related to
survival only among those with tumors expressing ER/PR. However, since ER/PR positivity
increases with increasing age (55), and our sample was postmenopausal, most women's tumors
would have been hormone receptor positive.

In summary, we found that use of HT prior to diagnosis in a large population-based cohort of
women with breast cancer was associated with improved breast cancer survival. Survival was
best among current and long-term users among women using combination regimens of EP,
and appeared limited to women with regional disease. The better breast cancer survival in users
of HT prior to diagnosis persisted after adjustment for screening, stage, and measured risk
factors.
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FIGURE 1.

Kaplan-meier cumulative incidence of breast cancer mortality according to history of hormone
therapy use.
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Kaplan-meier cumulative incidence of breast cancer mortality by type of hormone therapy
preparation.
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