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Abstract

Breast cancer risk is increased with current Menopausal Hormone Therapy (MHT) use, with

higher risks reported for ER+ (Estrogen Receptor positive), and ER+/PR+ (Estrogen and

Progesterone Receptor positive) breast cancers than those of ER- and ER-/PR- status,

respectively. There is limited evidence to suggest MHT use is associated with the specific

subtype characterised as ER+/PR+/HER2- (Estrogen and Progesterone Receptor positive

and Human Epidermal growth factor Receptor2 negative) status. This study aims to investi-

gate the MHT-breast cancer relationship for breast cancer tumor receptor subtypes defined

by ER expression alone, by ER and PR expression only and by joint expression of ER, PR,

and HER2. Analyses compared 399 cancer registry-verified breast cancer cases with recep-

tor status information and 324 cancer-free controls. We used multinomial logistic regression

to estimate adjusted odds ratios (aORs) and 95% Confidence Intervals (CI) for current and

past versus never MHT use, for subgroups defined by tumor receptor expression. Current,

but not past, use of MHT was associated with an elevated risk of ER+ breast cancer (aOR =

2.04, 95%CI: 1.28–3.24) and ER+/PR+ breast cancer (aOR = 2.29, 1.41–3.72). Current

MHT use was also associated with an elevated risk of the ER+/PR+/HER2- subtype (aOR =

2.30, 1.42–3.73). None of the other subtypes based on ER, ER/PR or ER/PR/HER2 expres-

sion were significantly associated with current MHT use in this analysis. Current, but not

past, use of MHT increases the risk of breast cancer, with consistently higher risks reported

for ER+ and ER+/PR+ subtypes and mounting evidence regarding the specific ER+/PR

+/HER2- subtype. Our findings contribute to quantification of the effects of MHT, and sup-

port efforts to articulate the receptor-mediated mechanisms by which MHT increases the

risk of breast cancer.
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Introduction

It is estimated that 1.67 million new cases of breast cancer were diagnosed in 2012, making

breast cancer the second most common cancer globally and the most frequent cancer among

women [1]. Breast cancer is the fifth most common cause of cancer-related death globally.

Estrogen Receptor (ER), Progesterone Receptor (PR), and Human Epidermal growth factor

Receptor2 (HER2) are important molecular biomarkers for breast cancer. ER and PR expres-

sion in breast cancer cells determine hormone therapy responsiveness [2]. Differences between

breast cancers by ER/PR status have been shown in the aetiology [3,4,5,6,7,8,9,10,11], disease

progression and prognosis [12], epidemiology [8,13,14,15] and response to available treat-

ments [2,16,17].

There is a large degree of overlap between the immunohistochemical subtypes defined by

ER, PR and HER2 status, and those identified by molecular expression studies, including with

Ki67 expression (a marker of tumor cell proliferation) used additionally to distinguish between

the luminal subtypes [18]. For practical therapeutic purposes, subtypes based on ER, PR and

HER2 status, (i.e. positive or negative denoted as + or—hereafter) and Ki67 expression are

considered to be surrogates or convenient approximations of the four intrinsic clinically

important subtypes which have been identified through multi-gene microarray profiling

[18,19]. The ER+/PR+/HER2- phenotype is a surrogate for so-called luminal A intrinsic sub-

type (when Ki67 expression <14%) and for the luminal B intrinsic subtype (when Ki67 expres-

sion�14%; this subtype is often characterised by low PR expression), the ER+/PR+ /HER2+

phenotype is also a surrogate for the luminal B subtype. The ER-/ PR-/HER2+ is a surrogate

for the HER2 subtype and the triple negative phenotype (ER-/PR-/ HER2-) is a surrogate for

the basal subtype of breast cancers [19]. As per the widely accepted 13th St Gallen Interna-

tional Breast Cancer Conference (2013) Expert Panel recommendations, these are referred to

as luminal A-like, luminal B-like, HER2 type and triple negative-basal-like subtypes respec-

tively, to indicate that they are proxies of the molecular subtypes [20]. In Australia, the three

tumor markers—ER, PR and HER2 are routinely used in the diagnostic workup of breast can-

cer because of their utility in prognosis and guiding treatment [21], given some analytical

problems with Ki67 measurement and standardisation.

Use of Menopausal Hormone Therapy (MHT) is an important modifiable risk factor for

breast cancer [22,23,24,25,26]. Prior studies have identified significantly increased risks with

current (vs never) MHT use, with higher risks for ER+ than for ER- breast cancers when ER

expression only was considered, [27] and for ER+/PR+ breast cancers but not ER-/PR-breast

cancers when ER and PR expression was considered [8,28,29]. In the USA, between 2000 and

2004, for women aged 50 years and over, a decline was demonstrated in breast cancer inci-

dence for ER+, but not ER- cancers [30], in the context of major decreases in MHT use which

occurred following the publication of the Women’s Health Initiative (WHI) trial; declines in

overall breast cancer incidence were subsequently demonstrated in a number of countries

including Australia [31,32]. Similar trends for ER+ breast cancers were documented in other

US-based studies [33,34].

ER-/PR+ is a relatively rare phenotype, often with very low levels of PR expression, which is

frequently not reproducible between assays [35]. ER+/PR- breast cancers are more common

than ER-/PR+; some studies have reported elevated risks associated with current MHT use

for this phenotype with point estimates which were intermediate between those for ER+PR+

and ER-PR- [8,28], although heterogeneity in risk by joint ER/PR status was not always

established.

For Australian women enrolled in the Melbourne Collaborative Cohort Study, compared

to never use, recent MHT use (current or last use in the past year) was associated with a
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significantly increased risk for ER+ but not ER- breast cancers (when examined by ER status

alone), for PR+ but not PR- breast cancers (when examined by PR status alone) and for both

ER+/PR+ and ER-/PR-breast cancers, although there was no statistical heterogeneity in the

hazard ratios across subtypes defined by ER, PR or ER/PR status (n = 336 breast cancers in a

cohort of 13,444 women) [36].

With respect to joint expression of ER, PR and HER2, evidence is limited. An increased

breast cancer risk in current versus never-users of MHT for the ER+/PR+/HER2- subtype has

been reported in the Nurses’ Health Study and California Teachers’ Cohort Study and from a

Norwegian screening program nested case-control study [29,37,38]. The associations between

MHT use and subtypes involving HER2 expression have not been examined previously in an

Australian setting.

A substantial proportion of menopausal women continue to use MHT, in Australia

[39,40,41] and elsewhere [42,43]. Breast cancer risk increases with increasing duration of use

of MHT [25]. A total of around 500,000 women in Australia were estimated to use MHT in

2013–14, which includes 13% of Australian women aged 50–69 with ~75% of these women

using MHT for� 5 years [39,41,44]. Therefore, use of MHT, and the risks associated with its

use, remains an important issue in clinical practice in these settings.

We have previously reported findings from a case-control study {the New South Wales

Cancer Lifestyle and EvaluAtion of Risk (NSW CLEAR) study} showing that the risk of breast

cancer was doubled with current, but not past use of MHT [45]. Here, we describe further

analyses using a subset of cancer registry-verified CLEAR breast cancer cases with hormone-

receptor status information available and cancer-free controls recruited over the same period.

The aim of this analysis was to investigate the relationship between use of MHT and breast

cancer tumor receptor subtypes defined by ER expression alone, by ER and PR expression,

and by the joint expression of ER, PR, and HER2. Ki67 data for this subset of women was not

always reported and data completeness was low; thus, in the absence of Ki67 data, we mapped

the ER+/PR+ phenotype to the best possible approximations of the intrinsic luminal subtypes.

The ER+/PR+/HER2- phenotype was here approximated and termed as luminal (HER2-) and

the ER+/PR+/HER2+ phenotype as the luminal (HER2+) rather than the luminal A and B

subtypes. We hypothesized, based on prior findings, that the odds of breast cancer for current

versus never MHT users would be higher for ER+ and ER+/PR+ subtypes and the ER+/PR

+/HER2- subtype than for the corresponding receptor-negative breast cancers.

Methods

Study design

We used data from the NSW CLEAR Study, an (all-cancer types) case—(cancer-free) control

study sponsored by Cancer Council NSW, a not-for-profit cancer control organisation.

Between 2006 and 2014, the study recruited NSW residents (from a population of ~7.5 million,

and an area of 809,444 sq. km), aged 18 years or over, with a self-reported first diagnosis in the

previous 18 months of any type of invasive cancer, or who were recruited as cancer-free con-

trols [46]. The CLEAR study employed an ‘all cancer case-spouse control’ design, whereby

cancer-free partners of cases diagnosed with a variety of cancers were recruited as potential

controls. This approach provided a pool of same-sex controls for each cancer case, and has

been used successfully in previous studies [47,48]. For analyses requiring sex-matching (as for

the current analysis), female controls were selected for comparison with female breast cancer

cases. Participants were requested to answer the questions ‘thinking of the time just before’

they (for cases) or their partners (for controls) were diagnosed with cancer. Therefore, the date

of cancer diagnosis for the cases, or the date of the partner’s cancer diagnosis for the controls,

MHT use and breast cancer risk by tumour receptor subtypes
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was used as the reference ‘index’ date. Self-reported cancer diagnosis and timing was verified

by comparison with cancer registrations in the NSW Cancer Registry (NSWCR) via routine

annual record linkage.

Recruitment was conducted via a targeted approach (using a medical or health-related data-

base to identify and generate a list of potential cases) and a non-targeted approach (through

widespread promotion at community events, through websites or through face-to-face recruit-

ment at certain oncology clinics). All participants were aged 18 years or over at the time of

providing consent; participation in the study was completely voluntary. Written informed

consent was obtained from all participants; separate information sheets and consent forms

were administered to cases and their partners. The overall consent procedure and the consent

forms were reviewed and approved by the St. Vincent’s Hospital Human Research Ethics com-

mittee which was the committee responsible for the conduct of this study.

For consenting participants, separate questionnaires were administered to men and women

at recruitment, and self-reported information including age, height, weight and weight gain,

smoking, physical activity, diet, cancer screening behaviour, medications, medical history,

occupation and sun exposure was collected. For women, additional information was collected

on reproductive history, history of hysterectomy or oophorectomy, menstrual history and his-

tory of use of oral contraceptives and MHT. Consent to participate in the study included con-

sent to link questionnaire data to data from administrative health records, and participants

could separately opt to provide a blood sample.

The analysis dataset for MHT use and breast cancer risk by receptor

subtype

The following criteria applied for breast cancer cases included in the analysis: 1) self-report of

a first diagnosis of primary invasive breast cancer with no prior cancer diagnosis; 2) enrolled

in the study within 18 months of self-reported diagnosis, 3) self-reported diagnosis year of

2008 or before (at the time of the pathology data extraction (January 2013), only cancers diag-

nosed in 2008 or earlier were able to be linked to the NSWCR for verification of diagnosis due

to the timing of cancer registry data becoming available); 4) confirmed by the NSWCR as hav-

ing breast cancer diagnosed with an ICD code of ‘C50’; 5) have pathology information avail-

able for ER/PR status (and possibly HER2 status); and 6) postmenopausal at the time of

recruitment. The following criteria applied for controls: 1) self-reported as never diagnosed

with cancer; 2) enrolled within 18 months of their partner’s diagnosis; 3) recruited during the

same time period as the cases in this study; 4) verified as having no cancer registration in the

NSWCR at the time of record linkage; and 5) postmenopausal at the time of recruitment.

Additional methods used to: 1) determine menopausal status of participating women; 2)

extract receptor status data and link to registry records and the CLEAR questionnaire dataset;

3) assess completeness and representativeness of receptor status information in the NSWCR

pathology data repository are described in Supporting Information S1 File.

Multinomial logistic regression model to quantify the association between

MHT use and breast cancers of specific receptor subtypes

Firstly, a binomial logistic regression model was used to quantify the relationship of current,

past versus never use of MHT to breast cancer risk, for all breast cancer subtypes considered

together. A multinomial logistic regression analysis was then performed with four levels of the

outcome variable (ER+/PR+ (double receptor-positive) cases, ER+/PR- (single receptor-posi-

tive) cases, ER-/PR- (double receptor-negative) cases, and cancer-free controls, which was the

base-outcome group. ER-/PR+ breast cancers were too few in number for inclusion (6 cases in

MHT use and breast cancer risk by tumour receptor subtypes
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total) and so were excluded from the current analysis as done in previous studies [29,49]. Odds

ratios associated with the current and past use of any type of MHT were estimated for ER+/PR

+, ER+/PR- and ER-/PR- breast cancers; never users of MHT constituted the reference group.

In addition to these primary comparisons with the ‘never user’ reference group, we also calcu-

lated odds ratios for current MHT use for ER+/PR+ and ER+/PR- breast cancers versus ER-/

PR-breast cancers (case-case analysis) using the contrast statement (SAS 9.3).

In another multinomial logistic regression analysis, odds ratios for current, past versus

never use of any type of MHT were estimated based on the joint expression of ER, PR, and

HER2. In the absence of Ki67 data, we mapped the ER+/PR+ phenotype to the best possible

approximations of the intrinsic luminal subtypes to interpret our findings—the ER+/PR

+/HER2- phenotype was approximated as luminal (HER2-) and the ER+/PR+/HER2+ pheno-

type as luminal (HER2+) (rather than the luminal A and B subtypes). ER-/PR-/HER2+ and

ER-/PR-/HER2- were used as surrogates of the related intrinsic subtypes i.e. HER2 type and

basal-like respectively. Cancer-free controls were used as the base outcome group.

For all analyses, the odds ratios were adjusted for age on the index date (18–54 years

or� 65 years versus 55–64 years), childbearing history, family history of breast cancer, place

of residence (based on ARIA+ (Accessibility and Remoteness Index of Australia), socio-eco-

nomic disadvantage quintile, BMI on the index date, use of hormonal contraceptives, number

of alcoholic drinks consumed per week, time since menopause, and the number of self-

reported mammographic screening events in the last ten years. For the cases, we excluded

mammographic screening events that were presumed to be associated with the recent diagno-

sis of breast cancer (i.e. within the 12 months prior to diagnosis) in determining their screen-

ing history. All the variables were categorical; variables with greater than 4% missing data

(which were BMI and oral contraceptive use) were retained and the missing values treated as a

separate category [45].

All analyses were performed using SAS software, version 9.3 (SAS Institute Inc., Cary, NC,

USA.).

Ethics approvals

The design and conduct of the CLEAR study including the questionnaire, recruitment and data

collection were ethically approved by St. Vincent’s Hospital Human Research Ethics Committee

(HREC 07/SVH/106, 20.12.07). The current case-control analysis of MHT use and breast cancer

risk by receptor subtype was peer-reviewed by the CLEAR Expert Advisory Committee (March

2012) and ethically approved by the NSW Population and Health Services Research Ethics

Committee (HREC/11/CIPHS/53) and the University of Sydney Human Research Ethics Com-

mittee (2013/538). Data extraction from the pathology reports was executed through a MoU

(26-10-2012) between Cancer Council NSW and Cancer Institute NSW (the data custodians).

All procedures performed in studies involving human participants were in accordance with the

ethical standards of the institutional and/or national research committee and with the 1964 Hel-

sinki declaration and its later amendments or comparable ethical standards. Informed consent

was obtained from all individual participants included in the study.

Results

Completeness and representativeness of receptor status information in the

collection of pathology reports held at the NSW cancer registry

Pathology data with ER and PR receptor status were available for 650 of the 676 self-identified

and registry verified CLEAR breast cancer cases, with 419 of these categorised as postmenopausal

MHT use and breast cancer risk by tumour receptor subtypes
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(Fig 1). ER, PR, and HER2 status was available for 551 women (with 348 categorised as postmen-

opausal). A total of 340 controls categorised as postmenopausal were verified as being cancer-

free via confirmation of an absence of a cancer diagnosis record in the cancer registry.

Details of the receptor status data extraction from the pathology reports in the NSW Cancer

registry are provided in Supporting Information S1 File. Overall, the completeness of receptor

status information for the registry-verified CLEAR cases was very high; 96% for ER and PR sta-

tus and 85% for HER2 status, including 3% of cases with ‘equivocal’ HER2 status (Table A

in S1 File). Information on the method of HER2 detection was not extracted; hence it is not

known if cases with equivocal results for HER2 were tested by Immunohistochemistry or Fluo-

rescence In-Situ Hybridisation.

Of the cases with known ER and PR status, 83.5% of all CLEAR cases (and 83% of the

postmenopausal cases) were positive for at least one receptor and 17% of all cases and all

postmenopausal cases were both ER and PR negative (Table B in S1 File). For the proportional

distribution by joint ER, PR, and HER2 overexpression, 72% of all cases (and 70% of postmen-

opausal cases) were of the ER+/PR+/HER2-subtype, 10% of all cases were of the ER+/PR

+/HER2+ subtype, 6% were ER-/PR-/HER2+ and 12% were negative for all three receptors.

MHT use and invasive breast cancer risk for the hormone receptor

subtypes and the surrogate clinical subtypes

After excluding cases and controls with missing values for one or more of the explanatory vari-

ables, a total of 399 cases and 324 controls were included in the final multivariable analysis for

breast cancer by ER/PR status and 332 cases and 324 controls were included in the analysis

for surrogate clinical subtypes. The risk of any type of breast cancer was found to be increased

significantly for current, but not past, users of any type of MHT. In a binomial model,

compared to never users, current users had a significantly higher odds of breast cancer

(aOR = 1.98, 95%CI: 1.27–3.11), whereas, for past users, the odds were not significantly differ-

ent from that for never users (aOR = 0.98, 95%CI: 0.68–1.42) (Fig 2). These estimates are simi-

lar to those reported previously for current and past users in the larger CLEAR dataset [45].

Fig 1. Available and eligible cases and controls for the analysis of MHT and breast cancer risk by receptor

subtype.

https://doi.org/10.1371/journal.pone.0205034.g001
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In a multinomial model, with breast cancers defined by ER status alone, current use (versus

never use) was significantly associated with the ER+ (aOR = 2.04, 95%CI: 1.28–3.24), but not

the ER- breast cancers (aOR = 1.40, 95%CI: 0.64–3.05). A significant difference between the

odds ratios for the ER+ and ER-breast cancers was not identified in the case-case comparison

(p = 0.325). In another multinomial model, with breast cancer subtypes defined by joint ER

and PR status, current use was significantly associated with ER+/PR+ status only (aOR = 2.29,

95%CI: 1.41–3.72). No significant differences in the odds ratios between ER+/PR+, ER+/PR-

and ER-/ER- subtypes were found through the case-case comparisons shown in Fig 2. How-

ever, this may be due to limited statistical power to detect significant differences in these data.

Past use was not found to be significantly associated with increased odds of breast cancer for

any the subtypes defined by ER/PR status (Fig 2).

With respect to an association with HER2 status alone, current use of any type of MHT

was found to be associated with a significant elevation in the risk of HER2- breast cancer

(aOR = 2.20, 95%CI: 1.36–3.55), but not HER2+breast cancer, although it should be noted that

Fig 2. MHT use and invasive breast cancer risk by breast cancer hormone receptor (ER/PR) status. Legend: p� = p-

value is for the test of global null hypothesis that the OR estimates are equal to one (i.e their reference group OR).

Breast cancers with ER-/PR+ status (n = 6) were excluded from the analyses. All odds ratios were adjusted for age at

index date, BMI, parity cross-classified by age at first birth, time since menopause, family history of breast cancer, place

of residence, socioeconomic disadvantage quintile, oral contraceptive use, history of breast screening and alcohol

consumption.

https://doi.org/10.1371/journal.pone.0205034.g002
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in the current analysis the odds ratios by HER2 expression were not significantly different

(p(het) = 0.183). Quantitative estimates for an association between MHT use and the subtypes

based on joint expression of ER, PR, and HER2 were tested in a multivariable model (Fig 3).

Current use of MHT was found to be associated with the ER+/PR+/HER2- phenotype

(aOR = 2.30, 95%CI: 1.42–3.73) (Fig 3). None of the other types of breast cancer were

found to be significantly associated with current MHT use. For current users of MHT, a

significant difference in the odds of breast cancer was detected for the ER+/PR+/HER2- versus

ER+/PR+/HER2+ subtypes [case-case analysis: ER+/PR+/HER2+ versus ER+/PR+/HER2-

(aOR = 0.28, 95%CI: 0.09–0.88, p = 0.029)], although the odds ratios were not significantly dif-

ferent across any of the other subtypes: ER+/PR+/HER2- vs. ER-/PR-/HER2+(p(het) = 0.793);

ER+/PR+/HER2- vs. ER-/PR-/HER2-+(p(het) = 0.342).

Discussion and conclusions

In the current analysis we have found that current users of MHT have approximately double

the odds of developing ER+ breast cancer compared to women who had never used MHT.

There was also a 2.3 fold increase in the odds of developing ER+PR+ and ER+/PR+/HER2-

subtypes of breast cancer for current versus never users of MHT. None of the other breast

cancer subtypes were found to have a significant association with current MHT use in this

analysis.

Our findings, using new data and a novel study design, provide independent replication

and verification of previous findings of increased risk of breast cancer generally, and ER+

breast cancers specifically, for current versus never users of MHT [27]. Our results are consis-

tent with prior work in the USA, in which ecological studies have reported declines in the pop-

ulation level incidence of ER+ cancers concurrent with the widespread decline in MHT use in

Fig 3. MHT use and invasive breast cancer risk for subtypes based on ER, PR, and HER2 status. P� = p-value is for

the test of global null hypothesis that the OR estimates are equal to one (i.e their reference group OR). All odds ratios

were adjusted for age at index date, BMI, parity cross-classified by age at first birth, time since menopause, family

history of breast cancer, place of residence, socioeconomic disadvantage quintile, oral contraceptive use, breast

screening history and alcohol consumption.

https://doi.org/10.1371/journal.pone.0205034.g003
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the population during the period following the publication of the first results from the WHI

trial [29,30,33,34]. An increased risk of the ER+/PR+ double-receptor-positive subtype for cur-

rent users versus never users of MHT, as we found, was previously reported in the Nurses’

Health Study [28], the California Cohort Study [29] and the Melbourne Collaborative Cohort

Study [36].

This is one of the few studies internationally and the first Australian study to examine

MHT-associated breast cancer risk in relation to approximations of surrogate clinical subtypes

based on the joint expression of ER, PR, and HER2, and to demonstrate an association between

MHT use and the ER+/PR+/HER2- (our approximated surrogate for luminal (HER2-) breast

cancer subtype. Tamimi et al have previously reported ORs of 1.40(1.10–1.70) and 1.50(1.20–

2.00) for current estrogen-only and estrogen-progestagen combination therapy use for the

luminal A-like subtype in the Nurses’ Health Study [37]. Ellingjord-Dale et al have reported an

OR of 2.92(2.36–3.62) for the ER+/PR+/HER2- phenotype for current users of estrogen-pro-

gestagen combination therapy in a Norwegian study [38] and Saxena et al have reported ORs

ranging from 1.77(1.41–2.21) to 2.07(1.38, 3.09) depending on the duration of current use, for

the ER+/PR+/HER2- phenotype in current users of combination therapy, in the California

Teachers’ Cohort Study [29]. Our finding for the ER+/PR+/HER2- subtype (aOR = 2.30, 95%

CI: 1.42–3.73) is consistent with these prior findings.

In the current study we demonstrated that the collection of pathology records held by the

NSWCR was 96% complete for ER and PR status and 85% complete for HER2 status. With

respect to the distribution of incident breast cancer by ER and PR status, our findings from the

CLEAR study are consistent with those from other contemporary reports [13,50] despite any

underlying differences in ethnicity and other demographic and risk factor variables. For exam-

ple, in the current dataset, our estimate of either ER and/or PR positivity in 83% of cases is

consistent with estimates recently reported from the 2010 US Cancer registry SEER (Surveil-

lance, Epidemiology, and End Results program) data in which 83% of cases were positive for

ER and/or PR, and 17% were negative for both these markers [13]. The proportions of the four

subtypes—ER+/PR+/HER2-, ER+/PR+/HER2+, ER-/PR-/HER2+, ER-/PR-/HER2- in the

CLEAR dataset were 72%, 10%, 6% and 12% respectively. These proportions are generally

comparable with other reports [51], including recent estimates based on SEER data from 17

USA registries wherein 73%, 10%, 5% and 12% were reported for these subtypes respectively

[13]. However, the proportion of receptor-positive breast cancers in the current analysis data-

set (83%) was somewhat higher than those previously reported for Australian women (71–

77%), whereas, the proportion of double receptor-negative cancers (ER-PR-) in the analysis

dataset (17%) was somewhat lower (23–29%) than those analyses [51,52,53], although confi-

dence intervals were not available in the previous reports. The apparent difference could be

due to sampling error, due to changing technologies and more sensitive methods for detection

of ER and PR, other unknown reasons, or it could reflect a real difference in the mix of breast

cancer subtypes in different population subgroups. Further studies with more recent data and

larger sample sizes may be needed to confirm this observation. The representativeness of our

study sample with respect to cancer stage at diagnosis was ascertained by comparing the distri-

bution of stage at diagnosis data in the study sample with that for the population cancer regis-

try data. We found that the proportions of breast cancers with local and regional disease in the

CLEAR dataset were comparable to those reported for the NSW population, although meta-

static disease was slightly underrepresented (Table C in S1 File). Another strength of this study

is that the findings are based on a contemporary sample of women for whom extensive infor-

mation on hormonal exposure, reproductive history and demographic characteristics were

available. This detailed information made it possible to design a robust multivariable model

adjusting for the well-established breast cancer risk factors.
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The most significant limitation of this study was sample size and unavailability of Ki67

data. The Royal College of Pathologists of Australia protocol for synoptic reporting of breast

cancer does not mandate the reporting of Ki 67 expression [21]. We found that the reporting

of Ki67 in the collection of pathology reports was not uniform and infrequently reported.

Because of this limitation we were unable to make a distinction between the luminal A-like

(more endocrine sensitive, indolent, better prognosis) and luminal B-like (less endocrine sen-

sitive, more aggressive, worse prognosis) subtypes. We used the available ER, PR and HER2

information to categorize breast cancers into subtypes that best approximated the subtypes of

luminal, triple-negative, and HER2-overexpressing tumors; a similar approach was used in

other previous studies on MHT use and breast cancer risk [29,38].

Although we were able to detect a significant association with current MHT use for the ER

+/PR+/HER2- subtype, with cancer-free controls as the reference group, the numbers of cases

with pathology data in the HER2 type and basal-like surrogate subtypes who were also current

users of MHT were small. Although we found significant differences in the odds of breast can-

cer between our approximated surrogates for the luminal (HER2-) and luminal (HER2+)

subtypes, the odds ratios for the other groups were not significantly different, possibly due to

limited statistical power. Analysis by type of MHT preparation was also limited by sample size;

in particular, insufficient numbers of receptor-negative cases in users of combination therapy

precluded analysis stratified by both MHT type and receptor status.

It should be noted, however, that our dataset included cases diagnosed until the end of 2008

only. With ongoing improvements in detection technologies and the release of guidelines for

pathological testing and structured reporting of breast cancers (most recently updated by the

Royal College of Pathologists of Australasia in 2012) [21], it is likely that pathology data for

breast cancers diagnosed in more recent years is even more complete and of a higher quality.

Future linkages with more recent registry data could potentially allow a more detailed stratified

analysis.

We demonstrated an association between current MHT use and breast cancers with an

absence of HER2 overexpression. The evidence in relation to MHT use and HER2 overexpres-

sion is not definitive. MHT use is found to be associated with the luminal A-like subtype

which is HER2- [29,37], yet there is some indirect evidence for an association between MHT

use and HER2 overexpressing subtypes [54]. HER2 overexpression is an important factor in

guiding the course of treatment for breast cancer. Trastuzumab (an antibody preparation

against HER2) is an effective targeted treatment specific for HER2 overexpressing breast can-

cers. In Australia, breast cancers with HER2 gene copy number > 6.0 (as determined by FISH)

are considered as HER2 overexpressing and are eligible (since 1st October 2006) for subsidised

Trastuzumab therapy as part of the ‘Herceptin program’ administered by the Department of

Human Services. In this context, the lack of association between MHT use and HER2 overex-

pressing breast cancers demonstrated in this study is important information.

The International Agency for Research on Cancer, in their 2012 synthesis of the available

evidence on the carcinogenicity of oestrogens, concluded that receptor-mediated responses to

hormones are a plausible and probably necessary mechanism for oestrogen and oestrogen-

progestagen related carcinogenesis [55,56]. The significantly increased risks associated with

the ER+/PR+ breast cancer subtype found in this study, and by others, reinforces the mecha-

nistic plausibility of an association between MHT use and the increased risk of development of

hormone receptor-positive breast cancers; wherein the hormonal preparations potentially

exert their neoplastic effects through intracellular signalling mediated by the receptors. Our

findings suggest that breast cancers related to use of MHT are more likely to express ER and

PR receptors. Given the continuing use of MHT, the findings from this analysis are important

to inform clinicians of the increased risk for ER+ breast cancers associated with current MHT
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use by Australian women. They provide additional support to the current recommendations

and help to reinforce the current messaging around limiting the use of MHT for the shortest

time possible, for the alleviation of moderate to severe menopausal symptoms in women who

are informed of the risks and benefits.
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