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Abstract

The etiology and clinical behavior of breast cancers vary by estrogen receptor (ER) expression, 

HER2 expression, and over time. Data from the U.S. and Denmark show rising incidence rates for 

ER+ and falling incidence rates for ER− breast cancers. Given that Ireland is a somewhat similar 

Western population, but with distinctive risk exposures (especially for lactation), we analyzed 

breast cancer trends by ER status; and for the first time, by the joint expression of ER±/HER2±. 

We assessed invasive breast cancers (n=24,845; 2004–2013) within the population-based National 

Cancer Registry of Ireland. The population at risk was obtained from the Irish Central Statistics 

Office (n=10,401,986). After accounting for missing ER and HER2 data, we assessed receptor-

specific secular trends in age-standardized incidence rates (ASR) with the estimated annual 

percentage change (EAPC) and corresponding 95% confidence intervals (95%CI). Age-period 
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cohort (APC) models were also fitted to further characterize trends accounting for age, calendar-

period, and birth-cohort interactions. ASRs increased for ER+ (EAPC: 2.2%/year (95%CI: 0.97, 

3.5%/year)) and decreased for ER− cancers (EAPC: −3.43%/year (95%CI: −5.05, −1.78%/year)), 

as well as for specific age groups at diagnosis (<30–49, 50–64 and ≥65 years). ER+/HER2− 

cancers rose, ER+/HER2+ cancers were statistically flat, and ER−/HER± cancers declined. 

Secular trends for ER± cancers in Ireland were like those previously observed. Stratification by 

HER2± expression did not substantively alter ER± trends. The divergence of ER± incidence rates 

among independent Western populations likely reflects calendar-period and/or risk factor changes 

with differential effects for ER+ and ER− breast cancers.
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INTRODUCTION

Breast cancer is an etiologically and clinically heterogeneous disease with increasing 

numbers of both pre- and postmenopausal women being diagnosed annually in Europe [1]. 

At the same time, more women are surviving their diagnosis; these improvements are 

attributed to both earlier detection with screening and advances in treatment [2–4]. Estrogen 

receptor-positive (ER+) breast tumors account for up to 80% of newly diagnosed invasive 

cases in the United States (U.S.) and Europe. In contrast, estrogen receptor-negative (ER−) 

breast cancers are less common, however they are more aggressive and are more frequently 

diagnosed in younger women [4, 5].

In the U.S., incidence of invasive ER+ breast cancers increased by 1.2% per year between 

1992 and 2008. In contrast, incidence of ER− breast cancers decreased by 2.4% per year 

during the same period [6]. To date few European countries have examined ER-specific age 

standardized trends, with similar patterns being observed [7, 8]. Understanding differences 

in ER breast cancer trends in other European countries may provide important clues to 

inform etiology and identify opportunities to explore potential drivers of the observed trends.

It is currently unknown whether divergent incidence trends by ER status observed in other 

European countries. In addition, current standards of clinical care include assessment of 

human epidermal growth factor receptor 2 (HER2) expression and treatment of HER2-

positive (HER2+) cancers with Herceptin® (trastuzumab). However, there is only limited 

data on incidence patterns by HER2 status, and it remains unclear how HER2 patterns relate 

to ER incidence rates. Hence, assessment of national trends by joint ER and HER2 

expression might provide additional clues in relation to breast cancer etiology.

Ireland provides a distinct research opportunity to investigate breast cancer trends using data 

from the National Cancer Registry of Ireland (NCRI). Whereas Ireland has experienced 

similar changes to the U.S. in some subtype specific breast cancer risk factors over time, 

e.g., parity and obesity [9], other breast cancer exposures such as lactation have a distinctly 

different distribution in Ireland than the U.S. and Denmark [10]. In addition, unlike many of 

European countries, Ireland is uniquely positioned to evaluate secular trends in breast cancer 
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incidence as ER, PR and HER2 have long been captured by the NCRI, coinciding with 

Ireland’s participation in the early Herceptin® (trastuzumab) clinical trials [11].

METHODS

Breast cancer case and population data

The NCRI is a comprehensive population based tumor registry that has collected detailed 

records on all newly diagnosed cancers in the Republic of Ireland and collects information 

related to patient demographics, tumor pathology, medical and surgical treatment since 1994 

[12]. Case ascertainment is estimated at 98%, at five years after diagnosis [13]. Approval for 

use of these data was granted by NCRI and the use of anonymized data provided by the 

NCRI is approved by the Health (Provision of Information) Act, 1997. The study population 

in this analysis included women between ages 20–84 years diagnosed with invasive breast 

cancer from 2004 through 2013. Covariate data included age at invasive breast cancer 

diagnosis, stage at diagnosis (TNM 5th edition), histological grade (Grade 1–4), estrogen 

receptor status (ER+, ER−, or unknown), human epidermal growth factor receptor 2 status 

(HER2-positive (+), negative (−), or unknown). Population-based denominators were 

obtained from the Irish Central Statistics Office online population estimation tool [14]. The 

general female population at risk in Ireland was 10,401,986 between 2004–2013.

Statistical analysis

The primary objective of our analysis was to assess ER+ and ER− breast cancer incidence 

trends in Ireland; and specifically, to see whether Ireland has experienced a divergent pattern 

in the incidence of these subtypes, as observed previously in other populations. We allocated 

cases with unknown ER data to ER+ and ER− categories with a validated imputation method 

that was conditioned upon age and year of breast cancer diagnosis [6, 7]. We used a similar 

approach for unknown HER2 data. A bootstrap procedure was used as a sensitivity analysis 

for our imputation method to estimate variances accounting for random variations in the 

numbers of unknown cases as well as the uncertainty about the imputation. Accounting for 

the uncertainty about imputations had only a minor effect.

Receptor-specific breast cancer incidence rates were adjusted to the 2000 U.S. standard 

population by the direct method and expressed per 100,000 woman-years. The overall linear 

trend in the age-standardized incidence rate (ASR) was summarized with the estimated 

annual percentage change (EAPC) in the ASR, calculated by weighted log-linear regression 

under the assumption of a Poisson distribution. Age-period cohort (APC) models were fitted 

to further characterize the receptor-specific secular trends accounting for age, calendar-

period, and birth-cohort interactions [6, 7]. Given the small number of breast cancer cases 

among women aged <30 years (n = 146), to facilitate APC analysis, we restricted the APC 

models to ages 30–84 years and combined single-year data into 2-year intervals. There were 

27 two-year age groups (ages 31–32, 33–34, …, 83–84) and 5 two-year calendar-periods 

(2004–2005, 2006–2007, …, 2012–2013), spanning 31 partially overlapping 4-year birth-

cohorts referred to by mid-year of birth (1921, 1923, …, 1977). APC parameters included 

net drift, local drifts, and cohort rate ratios (CRR). Net drift measures the sum of the log-

linear trend in the calendar-period plus birth-cohort effects and is conceptually similar to the 
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EAPC of the ASR. Local drifts provide corresponding EAPCs for each of the 27 two-year 

age groups. CRRs describe the incidence rates for a given birth-cohort relative to a reference 

cohort, a.k.a., the midpoint cohort year was 1951 in this NCRI dataset.

Finally, to account for the possible influence of Ireland’s National Breast Cancer Screening 

Program (BreastCheck) that was introduced between 2000 and 2007 among women aged 

50–64 years [15], analysis of the receptor-specific subtypes were stratified according to three 

age groups (30–49 years, 50–64 years, 65+ years). Women aged 50–64 years were likely 

more heavily screened than women either 30–49 years or 65+ years. All statistical tests were 

two-sided and p values <0.05 were considered statistically significant. All analyses were 

carried out using MATLAB version 2016a.

RESULTS

Characteristics of study participants

NCRI data for women aged 20–84 years and diagnosed between 2004–2013 included 24,845 

invasive breast cancers that accrued 15,878,592 woman-years (Table 1). A higher proportion 

of breast cancer cases were diagnosed after 2010 (43%), affected women aged 50 to 64 years 

(43%), were TNM stage 2 (45%) and grade 2 (50%). The highest proportions of cancers 

were ER+ (78%) and HER2− (70%), before the allocation of cases with unknown receptor 

status. The overall age-standardized incidence rate (ASR) was 163 per 100,000 woman years 

(for truncated range 20–84 years), representing the sum of the ASRs for ER+ (126 per 

100,000), ER− (27 per 100,000), and ER-unknown cancers (9.5 per 100,000). Earlier stage 

and lower grade cancers were more likely among women with ER+ than ER− cancers (P-

value <0.001 for both).

Following correction of cases with unknown ER status, eighty-one percent of ER-unknown 

cases were allocated to ER+ cancers with the balance imputed to ER− cancers, resulting in 

82% and 18% ER+ and ER− breast cancer cases for analysis (Table 2), respectively. The 

percentage change following the allocation of cases with unknown hormone receptor status 

is also shown in Table 2. All subsequent analyses refer to corrected ER and HER2 

expression.

Age-adjusted incidence rates

ER+ and ER− incidence rates diverged over time (Figure 1, panel A), with EAPCs of +2.2% 

per year for ER+ breast cancers (95% CI: 0.97, 3. 5%/year) but −3.43% per year for ER− 

cancers (95% CI: −5.1, −1. 8%/year). Stratification by the joint distribution of ER and HER2 

categories showed rising ER+/HER2− trends, with stable or falling rates for all three of the 

remaining ER/HER2 subtypes (Figure 1, panel B). Further stratification by three age groups 

for ER+ and ER− cancers is shown in Figure 2. Incidence rates tended to rise for all ER+ 

age groups and fall for all ER− cancers.

Age-period-cohort models (APC)

Net drifts adjusted for calendar-period and birth-cohort deviations or changes, confirmed 

rising and falling linear trends for overall ER+ cancers (2.2 %/year) and ER− cancers 
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(−3.5 %/year). Local drifts showed the largest changes among women near age 50 years and 

between ages 70–80 years (Figure 3). For example, among women aged 50 years, ER− 

breast cancers declined by 6.24 %/year (95% CI: −9.4 to −3.4 %/year). On the other hand, 

among women aged 52 years, ER+ breast cancers increased with an EAPC of 4.1 %/year 

(95% CI: 2.6 to 5.7 %/year). Compared to women born circa 1951 (Figure 4), ER+ cancer 

rose and ER− cancer declined over time with greater changes for ER− than ER+ cancers. ER

− cancers fell from a CRR of 1.9 around 1930 to 0.56 around 1970; whereas, ER+ cancers 

rose from 0.6 to 1.3.

DISCUSSION

Our study has three main findings. First, as in the U.S. and Denmark [6, 7], age-adjusted and 

age-specific incidence rates for ER+ breast tumors are increasing over time, whereas rates 

for ER− cancers are decreasing. Second, there was a stronger age-specific association among 

women eligible for population-based screening mammography (age 50–64 years) than 

among younger or older women. Finally, HER2 expression had little influence upon the ER± 

incidence rate patterns, despite the well-acknowledged role of HER2 as a breast cancer 

biomarker for treatment and prognosis. The explanations for the divergent secular trends in 

rates by ER are not fully understood but likely reflect complex interactions between birth-

cohort or generational effects (etiological risk factors) and/or calendar-period (e.g., 

screening or case ascertainment) effects. Furthermore, the comparability of ER status results 

in Ireland, the U.S., and Denmark suggests potential common driving mechanisms with dual 

or opposite effects for ER+ and/or ER− cancers.

A notable recent event to have influenced breast cancer incidence was the publication of 

findings of the Women’s Health Initiative (WHI) findings [16] and the Million Women’s 

studies [17] in 2002/2003, which showed that use of menopausal hormonal estrogen therapy 

(MHT) significantly increased breast cancer risk. The use of MHT is likely to partially 

account for increasing breast cancer trends prior to 2002, particularly ER+ breast cancers 

[18]. Similarly to other countries after the publication of these studies, prescribing patterns 

for MHT use declined [19]. However, despite declining use, increasing patterns of ER+ 

breast cancer are still observed, suggesting that other factors along with MHT use may 

influence the diverging trends. Limited observational evidence have shown largely null 

relationships between MHT use and risk of ER-negative breast cancer, thus it is unlikely that 

reduced ER− breast cancer incidence are due to declines in MHT use, however additional 

studies are needed to fully elucidate the relationship between declines in MHT use and 

changes in incidence patterns of ER− breast cancer.

Additional etiological risk factors with dual effects for ER+ and/or ER− breast cancers 

include but may not be limited to obesity and reproductive risk factors such as parity, age at 

first birth, and lactation [10, 20–22]. Obesity is a known driver of ER+ breast cancer, 

whereas among younger women ≤50 years, a large recent pooled analysis of 35,568 invasive 

breast cancer cases found that increased BMI was not associated with risk of ER− breast 

cancers [22]. In Ireland, between 1990 and 2011, the proportion of obese women has 

increased from 13 to 22%; and a recent pooled analysis of over 200 countries show that Irish 

women have the third highest body mass index (BMI) compared to the other European 
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countries examined in that study [9, 23]. In addition to changing patterns of these factors, 

which would be anticipated to increase rates of ER+ tumors, increased screening and 

refinement of criteria for ER+ may also have increased rates of ER+ cancers [24, 25]. In 

relation to reproductive risk factors, epidemiologic studies, including the AMBER (African 

American Breast Cancer Epidemiology and Risk) consortium highlighted the influence of 

reproductive risk factors such as parity and lack of breastfeeding on ER− breast cancer risk 

[26, 27]. Prior studies within the European context have shown positive associations 

between rising breast cancer incidence overall and older age at first birth [28]. Further and 

more recent data from Denmark confirm an increased risk association for parity and early 

age at first birth for ER-cancers and protective association for ER+ cancers [29]. Notably 

Ireland has one of the lowest rates of breastfeeding worldwide [10] and therefore, it is 

unclear if this factor influences the declining ER− incidence rates in our study. To date, 

epidemiologic studies have found few risk factor associations that vary by HER2 status, 

apart from higher rates among Asian women [30].

Over the decade of our study, many calendar-period factors might also have influenced the 

divergence of ER± incidence rates. Screening mammography preferentially detects ER+ 

rather than ER− breast cancers [24, 25] and may have influenced the divergence of ER± 

incidence rates. Further, changes in standard clinical testing for ER± expression such as 

advances in antibodies for ER detection, development of standardized automated methods 

for ER immunohistochemistry, and refinements in clinical cut-offs for ER positivity [31, 32] 

may influence the trends in molecular subtype seen in this study. Currently, however, no 

study has shown that ER breast cancer subtype trends are changing as a direct result of 

changes in cut-offs for ER positivity. Studies with ER records dating to 1980, long before 

changing diagnostic tests and widespread screening mammography, show evidence of 

diverging trends in ER± breast cancer [33].

Our current analyses focused on the breast cancer population in the Republic of Ireland. 

Additional analyses are needed to determine if the results observed are reflective of other 

populations in Europe. To date in Europe, ER-subtype age standardized trends have only 

been examined to our knowledge in Scotland and Denmark [7, 8]. Limited data for a registry 

report from Northern Ireland show rising ER+ and declining ER− frequency distributions, 

based on 3, 875 breast cancer patients over four selected calendar years (1996, 2001, 2006 

and 2012) [34]; these findings are consistent with divergent ER+ and ER− incidence rates in 

the NCRI. While similar patterns have been observed, it is important to consider differences 

in patterns of breast cancer risk factors among these countries, particularly in relation to 

reproductive patterns. At the present time, there are very few cancer registries worldwide 

with long-term ER data and even fewer with HER2 data. Thus, future studies will be needed 

to assess the findings observed in Ireland in a larger European context.

The strengths of this study include the low proportion of missing ER subtype data and the 

ability to examine joint expression of ER±/HER2± in a population-based cancer registry 

with nearly complete coverage of the Irish population. Our primary limitation is the lack of 

information on individual-level breast cancer risk factors. We also relied upon statistical 

models to adjust for missing receptor data. Further our analysis assessed clinical ER and 

HER2 data collected within the cancer registry. Future analysis is needed to assess other 
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breast tumor markers including mitotic activity index (MAI) that may also be important for 

understanding etiology [35]. However, we applied an assumption for missingness that has 

been validated for ER expression, and then extended to HER2 expression in this study and 

the proportions of unknown receptor status was comparatively low. Our limited study period 

and follow-up time precluded the ability to examine complementary patterns of breast 

cancer mortality and we were unable to examine breast cancer mortality in depth. Further to 

comprehensively assess mortality, an ER± incidence-based mortality (IBM) analysis would 

be required for which ER-specific mortality data is needed but not collected in most cancer 

registries. However, as additional data becomes available over time, future studies will aim 

to determine ER/HER2-specific incidence-based mortality trends in Ireland, and indeed in 

other populations throughout Europe.

In conclusion, this study highlights increasing incidence of ER+ with decreasing ER− breast 

cancer in Ireland, a pattern that has been observed in other populations. These findings 

highlight the increased need for focused adoption of breast cancer prevention strategies 

based on ER status and the increased effort to further establish modifiable causal risk factors 

that are driving the development of these tumors. Furthermore, a clearer understanding of 

the mechanisms behind the decline in ER− breast cancers is needed to inform opportunities 

for prevention of this aggressive breast cancer subtype for women in Ireland and throughout 

the world.
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KEY MESSAGES

• We observed rising ER+ and falling ER− age standardized breast cancer 

incidence rates in Ireland,.

• HER2 status did not substantively impact receptor specific secular trends, 

with the possible exception of ER+/HER2+ incidence rates, which remained 

stable.

• Divergent ER± incidence rates across different Western populations, 

including the US and Denmark, suggests similar calendar-period and/or risk 

factor changes with dual (opposite or different) effects on ER+ and ER− 

breast cancer.
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Figure 1. 
Age-standardized incidence rates (ASRs) for ER± (A) and ER±/HER2± (B) breast cancer 

among women aged 20–84 years at breast cancer diagnosis in Ireland from 2004 through 

2013.
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Figure 2. 
Receptor-specific age-standardized incidence rate (ASRs) for women aged 30–49 years (A), 

50–64 years (B) and 65+ years (C) at breast cancer diagnosis among Irish women from 2004 

through 2013.
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Figure 3. 
Receptor-specific ‘local drifts’ for breast cancer among Irish women aged 30–84 years at 

diagnosis from 2004 through 2013.
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Figure 4. 
Receptor-specific cohort rate ratios (CRR) for breast cancer among Irish women aged 30–84 

years at diagnosis from 2004 through 2013.
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