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Abstract Epidemiological studies have demonstrated

associations between circulating levels of sex steroid hor-

mones and risk of breast cancer in postmenopausal women.

However, data on associations with breast cancer survival

are limited. We measured levels of estradiol, estrone,

testosterone, and sex hormone-binding globulin (SHBG),

in serum collected on average 30 months after diagnosis

from 358 postmenopausal women diagnosed with stage

I-IIIA breast cancer between 1995 and 1998 who partici-

pated in a multiethnic, prospective cohort study. Women

were followed through December, 2012. We evaluated

associations between log-transformed analytes and breast

cancer-specific and all-cause mortality fitting multivariable

Cox proportional hazards models. Over a median of

14.5 years of follow-up, 102 deaths occurred; 43 of these

were due to breast cancer. In models adjusted for ethnicity/

study site, age, body mass index, and tumor stage,

increased levels of log-transformed SHBG were associated

with reduced risk of both breast cancer-specific mortality

(hazard ratio, HR 0.48; 95 % confidence interval, CI

0.26–0.89) and all-cause mortality (HR 0.64, 95 % CI

0.43–0.97). There were no associations between levels of

estradiol, estrone, or testosterone for either endpoint. In

subgroup analyses, after correction for multiple testing,

increased estrone was significantly associated with reduced

risk for breast cancer-specific mortality among participants

with ER-negative tumors (HR 0.16, 95 % CI 0.05–0.63)

but not among participants with ER-positive tumors.

Increased serum levels of SHBG were associated with

decreased risk of breast cancer-specific and all-cause

mortality in women with breast cancer. These results

should be confirmed in larger breast cancer survivor

cohorts.
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Introduction

Postmenopausal women with elevated levels of serum sex

steroid hormones including estradiol, testosterone, and

estrone, are at increased risk for developing breast cancer

[1]. Paradoxically, conjugated equine estrogen alone

reduced breast cancer risk in the Women’s Health Initiative

clinical trial, while conjugated equine estrogen plus

medroxyprogesterone acetate increased risk [2, 3]. How-

ever, those receiving estrogen alone had a prior hysterec-

tomy (with or without bilateral salpingo-oophorectomy)

while those receiving estrogen plus progesterone had no

history of hysterectomy so the underlying risk factors and

exposures to endogenous estrogens was likely different

between women from the two trials. Medications to inhibit

or block estrogens are the mainstay of treatment for women

with hormone receptor-positive breast cancer [4]. How-

ever, data on the association between circulating sex ster-

oid hormones and prognosis in breast cancer survivors are

limited [5–7].

Here we report on the association between circulating

levels of estradiol (total and free), estrone, testosterone

(total and free), and SHBG, and breast cancer-specific and

all-cause mortality in the Health Eating Activity and

Lifestyle (HEAL) study, a multiethnic cohort of breast

cancer survivors, diagnosed with Stage I–IIIA breast

cancer.

Materials and methods

Study setting, participants, and recruitment

The HEAL Study is a multicenter, multiethnic prospective

cohort study that enrolled 1183 women newly diagnosed

with breast cancer to evaluate effects of diet, weight,

physical activity, other lifestyle factors, hormones, and

other exposures on breast cancer prognosis. Aims, study

design, and recruitment procedures have been published

previously [8].

Briefly, women were recruited through Surveillance,

Epidemiology, and End Results (SEER) registries in New

Mexico (NM), Los Angeles County (CA), and western

Washington (WA). Baseline surveys were conducted on

average 6-month post-diagnosis. In NM, we recruited 615

women, C18 years, diagnosed with in situ to Stage IIIA

breast cancer between 1996 and 1999. In WA, we recruited

202 women, aged 40–64 years, diagnosed with Stage 0–

Stage IIIA breast cancer between 1997 and 1998. In CA,

we recruited 366 Black women aged 35–64 years, with

Stage 0–Stage IIIA breast cancer, who had participated in

the Los Angeles portion of the Women’s Contraceptive and

Reproductive Experiences Study or a parallel study of

in situ breast cancer, and were diagnosed with breast

cancer between 1995 and 1998. Recruitment was restricted

to women aged 35–64 at diagnosis because of competing

studies in WA and parent study design in CA. The HEAL

study was performed with the approval of the Institutional

Review Boards of participating centers in accordance with

assurances filed with and approved by the U.S. Department

of Health and Human Services. Written informed consent

was obtained from each participant.

A total of 944 women completed in-person interviews in

approximately 30 months after breast cancer diagnosis. Of

these, 804 provided a blood sample and had complete data

on all sex steroid hormones. Analysis was restricted to

women who had a diagnosis of local or regional breast

cancer, who were postmenopausal at the time of blood

draw, and not taking hormone replacement therapy (HRT)

at the time of blood draw. We thus excluded 188 partici-

pants with in situ (Stage I) breast cancer. We excluded a

further 25 who had non-fatal breast cancer events less than

9 months before their 30-month interview dates to avoid

potential confounding from possible recent treatments, 130

who had levels of FSH\25 mIU/mL, and 49 with estradiol

levels[45 pg/ml as these participants were likely to be

pre- or peri-menopausal. A further 33 participants who

reported being pre-menopausal and 20 who reported taking

HRT were excluded from the analysis. Finally, 1 partici-

pant who was missing data on a variety of variables was

excluded. The final sample comprised the remaining 358

participants.

Data collection and covariates

Assays

A 30-ml fasting blood sample was collected from patients

at the 30-month interview, processed within 3 h of col-

lection, and stored at -80 8C until analysis. Sex steroid

hormones measured were estrone, estradiol, testosterone,

and sex hormone-binding globulin (SHBG). Free (non-

SHBG bound) estradiol and testosterone levels were cal-

culated as described in Sodergard et al. [9]. All samples

were randomly assigned to assay batches and were ran-

domly ordered within each batch. Laboratory personnel

performing the assays were blinded to patient identity.

Estrone, estradiol, and SHBG were measured at Quest

Diagnostics at the Nichols Institute (San Juan Capistrano,

CA) for WA samples; the Endocrine Research Laboratory

at the University of Southern California for CA samples;

and the University of New Mexico (UNM) endocrinology

laboratory for UNM samples. Testosterone was measured

for all sites at UNM.
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All sex hormones were analyzed using radioim-

munoassay (RIA) as previously described [8]. Serum

extraction and chromatographic purification were per-

formed prior to analysis of estrone and estradiol. Assay

sensitivities and inter-assay precision were\10 pg/ml and

10 %, respectively for estrone; and\2 pg/ml and 8 % for

estradiol. For testosterone, analysis was performed using an

RIA kit (Siemens Healthcare Diagnostics, formerly Diag-

nostic Products Corporation, Deerfield, IL), with a sensi-

tivity of 40 pg/ml and inter-assay precision of 5.9–11 %.

SHBG was measured by direct immunoassay (Wein Lab-

oratories, Inc), with a sensitivity of 6 nmol/l and inter-

assay precision of 5.9 %.

Covariates

Standardized questionnaire information including medical

history, demographic, and lifestyle information, was col-

lected at baseline (corresponding to an average of 6-month

post-diagnosis), and on average 30-month post-diagnosis.

Information on disease stage, hormone receptor status, and

adjuvant therapy was abstracted from medical records.

Weight and height were measured at approximately

30-month post-diagnosis, and BMI was calculated as kg/m2.

A race/ethnicity/study site four-category variable was cre-

ated to adjust for race and site-associated confounding

because these were highly correlated. The variable had 4

categories: Non-Hispanic whites at UNM; Non-Hispanic

whites at FHCRC; Hispanics; African-Americans. Estro-

genic botanical supplement use was coded and included as

defined previously, and described as any use (yes/no) [10].

Stage of disease and cancer treatment

We obtained data on disease stage from SEER registry

records prior to study enrollment. Participants were clas-

sified as having Stage 0 (in situ), Stage I (localized), or

Stage II–IIIA (regional) breast cancer based on AJCC stage

of disease classification contained within SEER. The pre-

sent analysis included only women with Stage I–IIIA breast

cancer at diagnosis. Estrogen receptor (ER) and proges-

terone receptor (PR) status of tumors was categorized as

(1) positive, (2) negative, or (3) unknown/borderline.

Treatment and additional clinical data were obtained from

a review of medical records. Adjuvant treatment was cat-

egorized into 4 groups: surgery only, surgery and radiation,

surgery and chemotherapy, or surgery, radiation, and

chemotherapy.

Outcome assessment

Information on vital status was obtained from the SEER

registry which obtains cause of death codes from linkages

with state and national death certificate files and the Social

Security Death Index. Reports examining the accuracy of

the use of death certificate data found that their use did not

result in a meaningful change to mortality-based outcomes

[11, 12]. If alive, women were followed through their last

follow-up assessment or SEER vital status update, which-

ever was more recent. All-cause mortality was defined as

time from the 30-month follow-up interview (when serum

samples were collected) to death from any cause, or end of

follow-up (31 December 2012). Breast cancer mortality

was defined as death from breast cancer or end of follow-

up, with the same intervals as for all-cause mortality.

Women with other causes of death were censored on their

dates of death.

Statistical analysis

Differences in distribution of sex steroid hormones

between racial/ethnic groups, and other categorical patient

characteristics were estimated using analysis of covariance

(ANCOVA), adjusting for age. Pearson correlation coeffi-

cients were obtained to represent associations between the

analytes, corrected for multiple comparisons. Analytes

were log-transformed as none were normally distributed.

Hazard ratios (HR) and 95 % confidence intervals (CI)

for breast cancer-specific or all-cause mortality were based

on the partial likelihood for Cox’s proportional hazards

model [13]. The proportional hazard assumption was tested

using Schoenfeld residuals, and no violation of the pro-

portionality assumption was found. Age was used as the

underlying time variable, with entry and exit time defined

as the participant’s age at the 30-month follow-up inter-

view, and age at death from either breast cancer or any

cause, or end of follow-up, respectively. We based variable

inclusion on a likelihood ratio test, and tested the following

covariates: study enrollment (race/ethnicity/study site);

BMI (categorical\18.5 kg/m2; C18.5 and\25 kg/m2;

C25 and\40 kg/m2; C40 kg/m2); tumor stage; tumor

hormone status (ER; PR); treatment at diagnosis (surgery;

surgery ? radiotherapy; chemotherapy); use of estrogenic

botanical supplements; parity; and at 30-month post-diag-

nosis blood draw (age; tamoxifen use, yes/no; SHBG

levels; smoking status, current/former/never). We included

the race/ethnicity/study site variable to adjust for different

distributions of race/ethnicity by study site; this also

adjusted for the fact that some of the assays were carried

out at different sites. Covariates included in the final model

were: race/ethnicity/study site; BMI, age; tumor stage and

levels of SHBG. Treatment was not included in the model

as it had the same effect as tumor stage. Neither tamoxifen

use nor ER status changed the HR (change in HR\ 10 %).

We estimated the relationship between levels of sex

steroid hormones and breast cancer-specific mortality and
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all-cause mortality, using unadjusted and fully adjusted

models. We also examined outcome by median splits of

each analyte, i.e., greater and less than the median value.

We determined whether the association of each analyte

with breast cancer mortality was the same across subgroup

categories, specifically stage, ER status, BMI B25 and[25

(events were too few to investigate additional BMI sub-

groups), and tamoxifen use at the time of blood draw.

Statistical significance was set at P = 0.006 to adjust for

multiple comparisons, i.e., P = 0.05/8 for each analyte.

For analytes with significantly different results by subgroup

we used a test of homogeneity of trends to test for inter-

actions across groups.

All P values are two sided. Analyses were performed

using STATA 11 (Statacorp, TX USA).

Results

Participants were followed for a median of 14.5 years.

Mean age at the 30-month follow-up interview was

60.6 years; mean BMI was 27.5 kg/m2. One hundred and

two deaths occurred, of which 43 were due to breast can-

cer. Characteristics of HEAL participants are shown in

Table 1. Estrone and testosterone levels were statistically

significantly higher in African-Americans compared to

Hispanics and non-Hispanic whites (P = 0.0002 for

estrone and P\ 0.0001 for testosterone), adjusted for age.

Statistically significantly higher levels of SHBG were

observed in women with lower BMI (P = 0.006) and in

those taking tamoxifen (P\ 0.0001). Higher levels of

testosterone were found in women with Stage I–II tumors

Table 1 Associations between patient characteristics and levels of sex steroid hormones in 358 postmenopausal breast cancer survivors, not

taking hormone replacement therapy

N Estradiol (pg/ml)

(mean, range)

Estrone (pg/ml)

(mean, range)

Testosterone (pg/ml)

(mean, range)

SHBG (nmol/l)

(mean, range)

Race/ethnicity

Non-hispanic white 235 15.2 (2–45) 22.8 (5–104) 207.3 (13–902) 57.2 (11–144)

Hispanics 42 14.1 (4–45) 18.9 (5–38) 179.1 (13–513) 60.7 (15–154)

African-American 76 14.4 (5–38) 33.1 (14–65) 288.5 (65–1334) 56.9 (13.5–171.6)

Othera 5 11.8 (7–19) 29.6 (12–64) 301.8 (86–427) 38.0 (11.0–55.0)

Pb 0.47 0.0002 \0.0001 0.44

ER status

ER- 74 14.3 (3–42) 25.9 (5–65) 219.7 (13–1334) 44.7 (11–154)

ER? 251 14.9 (2–45) 24.3 (5–104) 222.5 (13–984) 60.7 (11–171.6)

Unknowna 33 15.9 (5–45) 23.9 (5–53) 229.2 (13–714) 59.3 (15.0–141.0)

Pb 0.78 0.67 \0.0001 0.03

Tumor stage

Local (stage I) 252 15.1 (2–45) 23.9 (5–104) 216.4 (13–1334) 57.3 (11–172)

Regional (stage II–II) 106 14.4 (2–45) 26.2 (5–69) 237.1 (13–984) 57.2 (11–154)

Pb 0.36 0.53 \0.0001 0.52

Tamoxifen use at time of blood draw

No 176 15.4 (3–45) 25.4 (5–104) 237.8 (13–1334) 40.9 (11–154)

Yes 182 14.3 (2–45) 23.9 (5–93) 207.8 (13–714) 73.1 (21–172)

Pb 0.28 0.57 \0.0001 \0.0001

BMI at time of blood draw

\18.5 kg/m2 7 12.0 (6–18) 18.7 (5–27) 238.6 (158–420) 76.4 (51–106)

C18.5\ 25 kg/m2 137 14.5 (2–44) 20.9 (5–104) 184.1 (13–902) 68.4 (15–151)

C25\ 40 kg/m2 198 14.8 (3–45) 26.3 (5–93) 236.5 (13–1334) 50.2 (11–172)

C40 kg/m2 16 20.1 (3–38) 37.5 (14–69) 372.2 (76–984) 41.0 (11–141)

Pb 0.20 0.01 \0.0001 0.006

Any estrogenic supplement use

No 218 16.1 (3–45) 25.2 (5–104) 236.8 (13–1334) 56.2 (11–151)

Yes 140 12.92 (2–44) 23.7 (5–69) 200.3 (13–639) 59.0 (11–172)

Pb 0.24 0.51 \0.0001 0.44

a Omitted from the analysis
b Overall significant differences among categorical groups (ANCOVA) adjusted by age
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(P\ 0.0001), with ER-positive tumors (P\ 0.0001) those

not taking tamoxifen (P\ 0.0001) or estrogenic supple-

ments (P\ 0.0001), and in women with the highest BMI

(P\ 0.0001). Estradiol levels did not vary by any char-

acteristics examined. All associations were adjusted for

age.

Estrone correlated strongly and significantly with

testosterone (r = 0.56, P\ 0.0001), and more weakly with

both estradiol and BMI (r = 0.21, P\ 0.0001; r = 0.31,

P\ 0.0001, Table 2). Estradiol correlated only with free

testosterone (r = 0.17, P = 0.001,); testosterone corre-

lated weakly but significantly with BMI (r = 0.23,

P\ 0.0001); however free testosterone correlated with

estrone (r = 0.53, P\ 0.0001) with BMI (r = 0.34,

P\ 0.0001) and negatively with SHBG (r = -0.35,

P\ 0.0001). SHBG correlated negatively with BMI

(-0.33, P\ 0.0001).

Table 3 shows the associations between circulating

concentrations of sex steroid hormones and breast cancer-

specific and all-cause mortality, analyzed as log-trans-

formed variables and stratified according to median cut-

points. Increased levels of log-transformed SHBG were

associated with reduced risk of both breast cancer-specific

mortality (HR 0.48; 95 % CI 0.26–0.89) and all-cause

mortality (HR 0.64, 95 % CI 0.43–0.97), but not when

analyzed as a median split, i.e., categorized as greater and

less than the median value. There were no associations

between levels of estradiol, estrone, or testosterone either

as log-transformed variable, or as a median split for either

endpoint. Associations between free estradiol or free

testosterone and outcomes did not differ significantly from

total estradiol or testosterone.

In subgroup analyses after correction for multiple testing

(Table 4), increased estrone was significantly associated

with reduced risk for breast cancer-specific mortality in

participants with ER-negative tumors (HR 0.16, 95 % CI

0.05–0.63) but not in participants with ER-positive tumors.

A similar trend was seen for women not taking tamoxifen,

but this did not achieve statistical significance (P[ 0.006).

Estradiol was also inversely associated with breast cancer-

specific mortality, but again the association was not sta-

tistically significant. There was no evidence of effect

modification for any subgroup for all-cause mortality.

Discussion

In this study, increased SHBG levels in postmenopausal

breast cancer survivors were significantly and inversely

associated with both breast cancer-specific and all-cause

mortality in a multivariate adjusted model. Testosterone,

estrone, and estradiol were not significantly associated with

either breast cancer-specific or all-cause mortality. Inclu-

sion of ER status or tamoxifen use in the model did not

alter the results. In subgroup analyses, estrone was signif-

icantly associated with reduced risk of breast cancer-

specific mortality in women with ER-negative tumors.

While the associations between elevated levels of sex

steroid hormones and increased risk of breast cancer are

well established [1], the link between circulating sex ster-

oid hormones and breast cancer-specific and all-cause

mortality in breast cancer survivors are limited. In contrast

to our study, one study of 194 postmenopausal women with

stage T1-2N0M0 breast cancer treated with surgery alone,

found that women with high levels of testosterone ([me-

dian) had a significantly lower event-free survival than

those with low levels (HR 2.05; 95 % CI 1.28–3.27).

Increased testosterone was also associated with a higher

risk of breast cancer events (HR 1.77; 95 %; CI 1.06–2.96)

[14].

Table 2 Pearson correlations between circulating levels of sex steroid biomarkers and other study covariates in 358 postmenopausal women

with breast cancer, adjusted for age

Covariates Estrone (pg/ml) Estradiol (pg/ml) Testosterone (pg/ml) Free estradiol Free testosterone SHBG (nmol/l)

rs
a

Estrone (pg/ml) –

Estradiol (pg/ml) 0.21b –

Testosterone (pg/ml) 0.56b 0.15 –

Free Estradiol 0.20b 0.92b 0.15 –

Free Testosterone 0.53b 0.17b 0.90b 0.28b – –

SHBG (nmol/l) -0.02 -0.03 -0.02 -0.33b -0.35b

Age (years) -0.08 0.10 -0.09 0.03 -0.14 -0.15

BMI (kg/m2) 0.31b 0.13 0.23b 0.22b 0.35b -0.32b

a Pearson Correlation Coefficient
b Bonferroni correction, for 27 comparisons: P = 0.05/27 = significant at P = 0.002

If not otherwise indicated the associations were not significant
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In contrast to our findings, increased levels of estrogens

have been linked to higher risk of recurrence in other

studies. A case–control study (N = 153 pairs) of peri- and

postmenopausal women, nested in the Women’s Healthy

Eating and Living (WHEL) study reported that total and

free estradiol were positively and statistically significantly

associated with risk of recurrence (HR 1.41; 95 %

CI 1.01–1.97; HR 1.31; 95 % CI 1.03–1.65, respectively),

in models that adjusted for grade. Neither testosterone nor

SHBG levels were associated with recurrence [5]. In a

study which followed 110 breast cancer patients for

5.5 years, serum levels of estradiol were significantly

higher in patients who experienced breast cancer recur-

rence than in those who did not; and higher levels of

Table 3 Associations between

sex steroid hormones with

breast cancer and all-cause

mortality

Analyte Events/N total Unadjusted Adjusteda

HR 95 % CI P HR 95 % CI P

Breast cancer-specific mortality

ln(Estradiol) 43/358 0.81 0.47–1.38 0.43 0.68 0.38–1.21 0.19

ln(Free Estradiol)b 0.55 0.13–2.34 0.42 0.80 0.61–1.03 0.08

Estradiol: median split

2–12 pg/ml 24/188 1.00 Ref. 0.30 1.00 Ref 0.38

13–45 pg/ml 19/170 0.71 0.37–1.35 0.75 0.39–1.42

ln(Estrone) 43/358 1.26 0.70–2.26 0.43 0.86 0.44–1.66 0.64

Estrone: median split

5–24 pg/ml 23/198 1.000 Ref. 0.59 1.00 Ref 0.23

25–104 20/160 0.84 0.46–1.55 0.65 0.31–1.32

ln(Testosterone) 46/473 1.20 0.79–1.81 0.85 0.97 0.61–1.53 0.88

ln(Free testosterone)b 1.29 0.87–1.91 0.21 0.99 0.62–1.57 0.97

Testosterone: median split

13–199 pg/ml 21/198 1.00 Ref. 0.10 1.00 Ref. 0.58

201–1334 pg/ml 22/178 1.03 0.57–1.88 0.83 0.43–1.59

ln(SHBG) 43/358 0.67 0.39–1.15 0.15 0.48 0.26–0.89 0.02

SHBG: median split

11–51.4 nmol/L 25/184 1.00 Ref. 0.45 1.00 Ref. 0.16

51.5–173 nmol/L 18/174 0.79 0.42–1.46 0.62 0.31–1.21

All-cause mortality

ln(Estradiol) 102/358 0.93 0.66–1.31 0.69 0.89 0.62–1.27 0.55

ln(Free Estradiol)b 0.94 0.76–1.18 0.63 0.86 0.69–1.08 0.21

Estradiol: median split

2–12 pg/ml 52/188 1.00 Ref. 0.63 1.00 Ref. 0.97

13–45 pg/ml 50/170 1.10 0.74–1.63 1.01 0.66–1.53

ln(Estrone) 102/358 1.11 0.75–1.62 0.59 0.86 0.56–1.31 0.48

Estrone: median split

5–24 pg/ml 55/198 1.00 Ref. 0.92 1.00 Ref 0.37

25–104 47/160 1.01 0.68–1.51 0.82 0.520–1.28

ln(Testosterone) 102/358 1.18 0.91–1.54 0.19 1.05 0.80–1.38 0.70

ln(Free testosterone)b 1.23 0.96–1.57 0.10 1.03 0.79–1.35 0.80

Testosterone: median split

13–204 pg/ml 50/180 1.00 Ref. 0.64 1.00 Ref. 0.93

206–2177 pg/ml 52/178 1.09 0.74–1.62 0.98 0.65–1.48

ln(SHBG) 102/358 0.73 0.51–1.04 0.08 0.64 0.43–0.97 0.04

SHBG: median split

11–51.4 nmol/l 52/184 1.00 Ref. 0.39 1.00 Ref. 0.17

51.5–173 nmol/l 50/174 0.84 0.56–1.25 0.74 0.47–1.14

a Adjusted for Ethnicity/Study Site; age at time of blood draw; BMI (categorical\18.5; C18.5

and\25; C25 and\40;[40 kg/m2); tumor stage; and SHBG
b Non-SHBG and non-albumin bound estradiol or testosterone
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testosterone were associated with increased risk of recur-

rence (HR 1.8, 95 % CI 0.5–6.3 for the middle, and HR 7.2

95 % CI 2.4–21.4) comparing the upper tertile of baseline

testosterone distribution, to the lowest. Other hormones had

only a minor influence on prognosis [6]. The association

between levels of estrone and improved survival among

patients with ER-negative tumors is difficult to explain in

the context of established associations between elevated

sex steroid hormones and increased risk of breast cancer

development [1].

Our data which show that elevated levels of SHBG are

associated with reduced risk of breast cancer-associated

and all-cause mortality may be associated with the fact that

bioavailable concentrations of estrogens and its access to

target cells are regulated by SHBG. In two case–control

studies, SHBG was associated with lower risk of breast

cancer [1], and lower levels of SHBG were observed in

postmenopausal women who developed breast cancer

compared to controls [15]. A meta-analysis of post-

menopausal women demonstrated that high levels of

SHBG were significantly associated with decreased risk of

breast cancer [16]. However, it has also been postulated

that SHBG has direct effects on cells, mediated by its

unliganded binding to a cell-membrane receptor. [17]

Activation of the receptor–SHBG complex by binding to

estradiol induces a number of downstream effects, [18]

including inhibition of progesterone receptor expression

[19], increased apoptosis, [20] and regulation of cell

Table 4 Associations between sex steroid hormones with breast cancer-specific and all-cause mortality in selected subgroups

Subgroup (Events/N total) Ln(Estrone)a Ln(Estradiol)a Ln(SHBG)a Ln(Testosterone)a

HR 95 % CI Pc HR 95 % CI Pc HR 95 % CI Pc HR 95 % CI Pc

Breast cancer-specific mortality

SEER Stage

2 (Local) (21/252) 0.82 0.33–1.99 0.64 0.79 0.34–1.85 0.59 0.54 0.22–1.25 0.15 1.05 0.58–1.92 0.87

3 (Regional) (22/106) 0.85 0.33–2.21 0.75 0.51 0.20–1.29 0.15 0.33 0.10–0.83 0.02 1.13 0.49–2.57 0.77

ER status

Negative (14/74) 0.16 0.05–0.63 0.005 0.77 0.21–2.80 0.69 0.48 0.14–1.61 0.23 0.54 0.21–1.43 0.22

Positive (26/251) 1.45 0.56–3.73 0.44 0.66 0.29–1.45 0.31 0.46 0.18–1.14 0.10 1.00 0.54–1.85 0.99

BMI

B25 kg/m2 (18/144) 0.52 0.20–1.34 0.17 0.37 0.13–1.04 0.06 0.28 0.08–0.96 0.04 0.59 0.31–1.14 0.12

[25 kg/m2 (25/214) 1.22 0.45–3.30 0.69 0.86 0.39––1.88 0.71 0.52 0.24–1.11 0.09 1.45 0.73–2.89 0.28

Tamoxifen at blood drawc

No (22/176) 0.31 0.11–0.82 0.02 0.39 0.16–1.00 0.05 0.42 0.17–1.05 0.07 1.08 0.55–2.10 0.82

Tamoxifen at blood drawb

Yes (21/182) 0.63 0.25–1.57 0.32 0.53 0.20–1.37 0.18 0.39 0.12–1.32 0.13 0.84 0.41–1.68 0.62

All-cause mortality

SEER stage

2 (Local) (65/252) 0.98 0.59–1.65 0.96 0.88 0.57–1.36 0.56 0.65 0.41–1.07 0.09 1.21 0.87–1.68 0.24

3 (Regional) (37/106) 0.80 0.40–1.61 0.54 0.81 0.41–1.61 0.55 0.49 0.22–1.06 0.07 0.87 0.48–1.58 0.65

ER status

Negative (23/74) 0.37 0.13–1.07 0.07 0.88 0.34–2.34 0.81 0.39 0.14–1.07 0.07 0.91 0.39–2.07 0.81

Positive (69/251) 0.81 0.49–1.33 0.40 0.84 0.53–1.33 0.48 1.59 0.68–3.67 0.29 0.99 0.72–1.38 0.98

BMI

B25 kg/m2 (45/144) 0.62 0.34–1.11 0.11 0.82 0.47–1.45 0.50 0.51 0.25–1.05 0.07 0.79 0.54–1.14 0.21

[25 kg/m2 (57/214) 1.18 0.64–2.19 0.58 0.84 0.52–1.35 0.48 0.62 0.65–4.06 0.30 1.48 0.97–2.24 0.06

Tamoxifen at blood drawc

No (453/176) 0.62 0.33–1.16 0.14 0.62 0.33–1.16 0.14 0.45 0.23–0.87 0.02 1.05 0.69–1.62 0.79

Tamoxifen at blood drawb

Yes (49/182) 0.95 0.52–1.74 0.87 0.75 0.43–1.29 0.31 0.91 0.41–2.01 0.82 1.07 0.72–1.60 0.73

a Fully adjusted models: BMI (categorical\18.5; C18.5 and\25; C25 and\40;[40 kg/m2); Race/ethnicity/site; tumor stage; age at time of

blood draw, SHBG
b Three participants had unknown tamoxifen use at time of blood draw
c Bonferroni correction for multiple testing for each sex steroid hormone. Significance set at 0.05/8 = 0.006
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growth. In ERa-positive MCF-7 cells, SHBG/estradiol

membrane-initiated pathways can inhibit cell proliferation

and induce apoptosis by counteracting estradiol-induced

ERK activation [20–22]. Finally, inter- and intra-assay CVs

for SHBG were lower than those of the other analytes.

Given the limited sample size, the higher CVs for the

estrone, estradiol, and testosterone assays may have

reduced our ability to detect associations between these

analyses and outcomes.

Our study has important limitations. First, we have only a

single measure of sex hormones (mean 30-month post-di-

agnosis), and therefore we cannot completely characterize

the women’s exposure to sex steroid hormones. The cohort

was established before some current treatments such as

aromatase inhibitors and trastuzumab were available, and

therefore we cannot estimate what associations the analytes

might have with survival in women using these treatments.

There was also a possible selection bias in this study; blood

was obtained approximately 30-month post-diagnosis, and

we excluded participants who were under treatment for

recurrence; therefore associations with early breast cancer

mortality could not be estimated.We did not perform central

pathological review. Therefore there could have been mis-

classification of hormone receptor status and possibly a lar-

ger proportion of women had hormone receptor-positive

tumors. We did validate the receptor status for LA women

who participated in the Women’s CARE Study prior to

joining the HEAL Study [23] and found strong agreement of

ER and PR when results as recorded in the SEER registry

were compared to those from a single centralized reference

laboratory. Furthermore, adjusting for ER status did not

affect our results. Finally, the relatively small number of

deaths in this study does not allow accurate assessment of

risk in specific subcategories.

In summary, high levels of SHBG were associated with

decreased risk of breast and all-cause cancer-specific

mortality, in this cohort of postmenopausal breast cancer

survivors. These results should be confirmed in larger

cohorts with sufficient number of outcomes to provide

adequate statistical power in determining associations.
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