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Abstract During the past 50 years, breast cancer incidence

has increased by 2–3 % annually. Despite many years of

testing for estrogen receptors (ER), evidence is scarce on

breast cancer incidence by ER status. The aim of this paper

was to investigate the increase in breast cancer incidence by

ER status. Data were obtained from the clinical database of the

Danish Breast Cancer Cooperative Group which holds

nationwide data on diagnosis, including pathology, treatment,

and follow-up on primary breast cancers since 1977. All

Danish women \80 years diagnosed with primary breast

cancer 1996–2007 were identified in this prospective register

based study. ER status was evaluated using immunohisto-

chemical staining by standardized laboratory methods in the

Danish Pathology Departments and reported to the database.

From 1996 to 2007, breast cancer incidence increased overall

with a tendency to level off after 2002. In all women a sig-

nificant decrease was found in ER unknown tumors. However,

in both pre- and postmenopausal women, significant increases

were seen in incidence of ER? tumors; though the increase

levelled off for premenopausal women after 2002. In post-

menopausal women, the incidence of ER- breast cancer

decreased significantly throughout the period. In women

\35 years, we found a minor non-significant increase in both

ER? and ER- tumors. ER unknown decreased in all women

and was the most distinct in premenopausal women aged 35?.

We found a significant increase in ER? breast cancer inci-

dence in postmenopausal women whereas the incidence in

premenopausal women (aged 35?) levelled off after 2002.
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Abbreviations

ER Estrogen receptor

DBCG Danish Breast Cancer Group

IHC Immunohistochemical staining

HRT Hormone replacement therapy

APC Annual percentage rate change

Introduction

Breast cancer is the most frequent malignant disease in

Danish women. In 1996, 3,495 women were diagnosed
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with breast cancer. This number increased to 4,189 in 2007

just before national screening was introduced. Through the

past 50 years, a 2–3 % annual increase in breast cancer inci-

dence has been observed [1]. The hormone receptor status

among the increasing number of breast cancers has not been

described. Figure 1 shows age-standardized incidence and

mortality rates (ASR) of breast cancer per 100,000 women in

the last 65 years. The data were obtained from the Danish

Cancer Registry (www.iarc.fr/NORDCAN). The breast can-

cer incidence increased until 2002 and thereafter levelled off.

The mortality peaked in 1994 and has decreased ever since.

In the US, trends in breast cancer incidence rates show

conflicting results [2–9]. Studies examining ER status

conclude that the increase in incidence was primarily a

result of an increase in ER positive (ER?) tumors [2–5];

however, this increase seems to decline over the last dec-

ade [6–8]. Use of hormone replacement therapy (HRT) has

long been known to increase the risk of breast cancer [10].

The Women Health Initiative [11–13] and the British

Million Women Study [14] found the risk especially pro-

nounced to use of combined hormone therapy. It has been

suggested that the widespread use of HRT and mammog-

raphy screening contributed to the increase in breast cancer

incidence and the observed plateau or decline in incidence

may reflect a decrease in HRT use [12, 13, 15–18]. How-

ever, breast cancer incidence fluctuates over time, and

known as well as unknown biologic risk factors may also

influence the trends [1, 15, 19, 20]; therefore a single eti-

ological explanation seems unlikely. In Denmark, the

incidence has increased with a tendency to plateau [19, 21]

while an overall reduction in the prescription of HRT after

2002 was registered [15, 22].

The aim of our study was to investigate breast cancer

incidence in Denmark in relation to ER status using data

from Danish Breast Cancer Group (DBCG). Our analysis

was restricted to 1996–2007 to avoid the influence of the

prevalence phase of the national mammography screening

introduced after 2007.

Materials and methods

Pathology data

ER analyses have been performed in Denmark since 1977,

and since 1994 IHC has been employed by all laboratories

[23]. Internal control protocols for staining quality and

additionally external quality control has been performed by

NordiQ as a routine within all participating laboratories in

the investigation period. Up to 2011 ER? in Denmark was

defined as positive nuclear staining of 10 % or more of the

tumor cells using standardized IHC methods. Nuclear

staining of less than 10 % was defined as ER- breast

cancer. Presently, however, a cut-off of 1 % is used to

match guidelines for adjuvant therapy.

Measures

Data derived from the DBCG which has performed clinical

trials and issued national guidelines for treatment since

1977. Data have been collected prospectively on diagnosis,

histopathology, and treatment (surgery, radiotherapy, and

medical) for all newly diagnosed early stage breast cancer

patients in Denmark. The database is nearly complete

(95 %) [24]. Completion of data on receptor status and

tumor histology was achieved by linking to The Danish

Pathology Register and The Danish Cancer Registry using

the unique personal identification number held by all

inhabitants of Denmark. Women were defined as post-

menopausal if they had no menstrual bleeding within one

year. Women on HRT were classified as postmenopausal

being 55 years or older.

We chose to investigate the breast cancer incidence

from 1996 to 2007, and divided analysis as just before

(1996–2002) and after (2003–2007) a major reduction in

HRT prescriptions was registered in 2002 [15, 22] and to

terminate the study before the National Mammography

Screening Programme was implemented in 2008/2009.

Statistical analysis

The DBCG Data Centre undertook central review, query-

ing and analysis of data. Associations between ER status

(excluding unknowns) and time periods were analyzed by

v2 test. Incidence rates were calculated on the observed

number of breast cancer and the corresponding number of

person years in the Danish female population (from Sta-

tistics Denmark) in the same age category and time period.

Incidence rates were age standardized to the World

Fig. 1 Aged standardized incidence and mortality rates (ASR) world

(W) of breast cancer in Danish women 0–79 years from 1943 to 2007.

Reference year 2000
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Standard Population [ASR(W)]. The analysis of trends

over time using joinpoint modeling were done with Join-

point Regression Program 3.5 [25]. Joinpoint regression

models with different lines connected at joinpoints were

made for each combination of ER (negative, positive, and

unknown) and age/menopausal status (\35 years, pre-

menopausal 35? years, postmenopausal). Models with 0,

1, and 2 number of joinpoints were investigated. The

simplest joinpoint model that the data allowed was fitted.

For details, see Ref. [25]. Estimated annual percentage rate

change (APC) is the percentage change of the rate of the

previous year, and is used to characterize the trends in rates

over time. Other statistical analyses were done with the

SAS 9.2 program package.

Results

Between 1996 and 2007, 42,119 primary breast cancers were

registered in the DBCG database in Danish women. Since ER

status was unknown for 19 % of women aged C80 years, we

excluded 4,575 women leaving 37,544 for further analyses of

whom ER status was available for 35,195.

Figure 2 shows the number of primary breast cancers

according to ER status in three categories; ER?, ER-, and

ER unknown, and year of operation. The number of ER?

tumors increased from 1,854 to 2,628 in the years under

investigation and the increase was significant from 1996 to

2002 and then stabilised, whereas the number of ER-

tumors decreased significantly from 683 to 609 and ER

unknown decreased significantly from 271 to 112 over the

entire investigation period.

Table 1 describes the number and percentage of ER?,

ER-, and ER unknown breast cancer tumors according to

two time periods; 1996–2002 and 2003–2007, respectively.

We selected these time periods due to investigations

showing 65 % reduction in the prescription of HRT after

2002 [15, 22]. Among 37,544 women \80 years, 27,625

(73.5 %) had an ER? breast cancer tumor, 7,570 (20.2 %)

had an ER- tumor and for 2,349 (6.3 %) ER was

unknown. The percentage of ER? tumors increased with

age/menopausal status (P \ 0.0001). In all three groups,

the percentage of ER? tumors increased between the two

time periods, but the increase was only significant in

women aged 35?. More than two-thirds of premenopausal

women aged 35? and postmenopausal women had ER?

tumors (66.9/72.4 vs. 78.7/77.7 % in the latest time per-

iod). Young women \35 years differed from the overall

pattern with the highest percentage of ER- tumors (41.5/

40.3 %) and ER unknown (12.5/6.1 %). The percentage of

patients with ER unknown decreased significantly in all

women. The distribution of the ER remained significantly

different between the time periods whether or not the ER

unknowns were included. Subanalysis (not shown) for the

oldest women, aged 70–79 years, showed that ER status

did not vary between the time periods (P = 0.27) with

82.5 % ER? tumors in 1996–2002 versus 83.5 % in

2003–2007.

The age-standardized incidence rates [ASR(W)] per

100,000 woman-years for breast cancer by ER status are

shown in Figs. 3, 4, and 5 representing women aged

\35 years, premenopausal aged 35?, and postmenopausal

women. In women aged \35 years, a non-significant

annual incidence increase of 2.2 % (95 % CI = -0.4

to 4.8) for ER? and 1.4 % (95 % CI = -2.8 to 5.7) for

ER- were observed while a significant annual decrease of

10.3 % (95 % CI = -15.2 to -5.0) for ER unknown was

found (Fig. 3) (N = 50 in 1996–2002 and N = 16 in

2003–2007; Table 1). In premenopausal women aged

35? years, incidence rates increased significantly 10.4 %

(95 % CI = 7.3–13.6) for ER? until 2002 followed by a

borderline significant annual decrease of 3.4 % (95 %

CI = -6.6 to -0.1) (Fig. 4). A significant 4.5 % (95 %
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Fig. 2 Number of primary breast cancer among Danish women aged

\80 years subdivided in estrogen (ER) status and year of operation.

Descriptive statistics

Table 1 Distribution of the estrogen receptor (ER) among 37,544

women aged \80 years; Denmark 1996–2002 and 2003–2007

1996–2002 2003–2007 P value v2 test

\35 years

ER? 184 (46.0 %) 141 (53.6 %) 0.01

ER- 166 (41.5 %) 106 (40.3 %)

ER unknown 50 (12.5 %) 16 (6.1 %)

Premenopausal [35 years

ER? 3,724 (66.9 %) 3,205 (78.7 %) \0.0001

ER- 1,478 (26.5 %) 745 (18.3 %)

ER unknown 367 (6.6 %) 122 (3.0 %)

Postmenopausal

ER? 10,998 (72.4 %) 9,373 (77.7 %) \0.0001

ER- 3,030 (20.0 %) 2,045 (17.0 %)

ER unknown 1,158 (7.6 %) 636 (5.3 %)
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CI = -6.5 to -2.5) annual incidence decrease in ER- and

a 13.3 % (95 % CI = -17.0 to -9.4) annual decrease for

ER unknown was found. In the postmenopausal group, a

significant 2.0 % (95 % CI = 1.1–2.8) annual incidence

increase in ER? and a significant 3.0 % (95 % CI = -4.3

to -1.7) annual decrease in ER- and a significant 7.9 %

(95 % CI = -14.0 to -1.3) decrease in the ER unknown

were found (Fig. 5).

Discussion

We found a non-significant increase in ER? and ER-

breast cancer in young women \35 years. A significant

increase in ER? breast cancer incidence was found in

premenopausal aged 35? until 2002 and thereafter levelled

off and ER unknown decreased significantly. In postmen-

opausal women a significant increase in ER? and a sig-

nificant decrease in ER- were found. For young women

\35 years and the oldest women between 70 and 79 years,

the distribution of ER? and ER- changed very little

between 1996 and 2007.

Our finding of an increased incidence restricted to ER?

breast cancer tumors is in agreement with other studies

[4, 8]. Well-known risk factors for breast cancer are mainly

related to the female hormone production and can be

described as either intrinsic or external exposures. The risk

related to intrinsic hormonal production is measured by

proxy variables such as: age of menarche, age at first full-

term pregnancy, number of childbirths, age at menopause,

and number of menstrual cycles [1, 20]. Examples of

exogenous exposure are HRT, alcohol consumption,

obesity, and environmental factors [1, 26, 27]. The intrinsic

hormonal production reflects changes in hormone produc-

tion in the lifespan of a fertile woman, where big changes

have occurred due to women working outside the home,

being educated and as a consequence giving birth later. The

exogenous exposures are most often referred to as lifestyle

factors such as obesity, alcohol, and HRT [11, 14, 28, 29].

Few risk factors have been studied in relation to the ER and

the findings are inconsistent probably due to the lack of

results from large population studies or randomised studies

[7, 20, 30]. The known genetic risk such as BRACA1 and

BRACA2 accounts for a minor part of breast cancer cases

in Denmark; however, as a course of the increase in inci-

dence from one decade to the other, genetic evolution is not

a plausible explanation [1].

In 2002, findings from the Women Health Initiative

studies revealed an increased risk of breast cancer in

Fig. 3 Aged standardized incidence rates (ASR) world (W) of breast

cancer in relation to estrogen receptor (ER) status in Danish women

0–34 years from 1996 to 2007. Reference year 2000

Fig. 4 Aged standardized incidence rates (ASR) world (W) of breast

cancer in relation to estrogen receptor (ER) status in Danish premeno-

pausal women aged[35 years from 1996 to 2007. Reference year 2000

Fig. 5 Aged standardized incidence rates (ASR) world (W) of breast

cancer in relation to estrogen receptor (ER) status in Danish postmen-

opausal women aged\80 years from 1996 to 2007. Reference year 2000
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women using HRT [11], and were later confirmed by

British findings from the Million Women Study in 2003

[14]. Recent analyses from the Women Health Initiative

trial confirmed a decline in breast cancer risk after dis-

continuation of combined hormone therapy [12]. As a

consequence, reductions in the prescription of HRT was

observed and used as an explanation for a decrease in

breast cancer incidence found in some countries after 2002

[4, 6–8, 15, 16, 18, 31, 32]. A tendency to a decline or a

plateau in incidence rates from late 1990s or early 2000 is

believed to be related to the effect of mammography

screening programs [7, 9, 21]. In Denmark HRT prescrip-

tions declined from 1995 to 2002 but more than halved

after 2002 [15, 22]. In order to elucidate a possible effect

on breast cancer incidence, we divided our data into two

time periods; before and after 2002. However, for pre-

menopausal women 35? years the breast cancer incidence

levelled off after 2002 (Fig. 4, borderline significant), and

for postmenopausal the incidence increased significantly in

ER? tumors after 2002 (Fig. 5). This finding is in contrast

to the observed decline in breast cancer incidence in the US

[4, 6–8], Canada [16], Belgium [18], Germany [32], and

Sweden [17]. Recent analyses from US showed results in

agreement with our findings. The decline in breast cancer

incidence rates did not continue between 2003 and 2007

and they found a non-significant increase in ER? in ages

40 to 49 and a decrease in ER- in ages 40 to 49 and 60 to

69 despite decreasing trends in HRT [33]. A national

mammography screening program was not implemented

from 1996 to 2007. Screening was performed for 20 % of

all women in the age group 50–69 years in five counties

out of 16. At the end of 2009, Danish national screening

was fully implemented.

Determination of the estrogen hormone receptor has

important implications for the adjuvant treatment of breast

cancer. Hormone status acts as a prognostic and predictive

factor for recurrence or mortality [30]. ER testing was

introduced in 1977 using different biochemical assays and

replaced by IHC in 1994 [23] and further prognostic factors

have been implemented since. Human epidermal growth

factor receptor 2 (HER2) and topoisomerase II-alpha

(TOP2A) are now part of standardized tumor testing,

together with lymph node status, tumor size, malignant

grading, menopausal status, and age, to allocate women

into low-risk and high-risk patients for recurrence and

mortality (www.dbcg.dk/Consensus on medical treatment).

The strength of the study is the highly validated data of

the DBCG database and its completeness covering 95 % of

all breast cancers in Denmark. All breast cancer cases in

Denmark must be reported to the Danish Cancer Registry

and the DBCG database. Clinical data on treatment and

follow-up are reported electronically to the DBCG

database.

The limitation of the study is lack of data for the pro-

gesterone receptor. Future studies can provide more

extensive analyses using other prognostic factors. Incom-

pleteness of receptor status in the database was improved

during the time of investigation (Table 1). We identified a

majority of the hormone receptor data to be missing in

older women (80? years) and therefore excluded women

aged 80 or older from analyses. Another important limi-

tation is the categorical analysis using 2002 as a cut point

for high HRT prescription versus low HRT prescription.

Breast cancer risk estimates would be more accurate if

HRT use on the individual level was used.

In summary, an increase in breast cancer incidence was

seen in Denmark until 2002 and then levelled off. The

increase was restricted to ER? breast cancer in postmen-

opausal women whereas ER- breast cancer decreased.

Until 2002 an increase in ER? breast cancer was found in

premenopausal women aged 35?. No decline in breast

cancer incidence was observed in postmenopausal women

from 2003 to 2007 despite a 65 % reduction in HRT pre-

scription after 2002.
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