
C AN C E R E P I D EM I O LOG Y

Comprehensive trends in incidence, treatment, survival and
mortality of first primary invasive breast cancer stratified by
age, stage and receptor subtype in the Netherlands between
1989 and 2017

Daniël J. van der Meer1,2 | Iris Kramer1 | Marissa C. van Maaren2,3 |

Paul J. van Diest5 | Sabine C. Linn | John H. Maduro6 | Luc J.A. Strobbe7 |

Sabine Siesling2,3 | Marjanka K. Schmidt1 | Adri C. Voogd2,4

1Division of Molecular Pathology, Netherlands

Cancer Institute, Amsterdam, the Netherlands

2Department of Research and Development,

Netherlands Comprehensive Cancer

Organisation, Utrecht

3Department of Health Technology and

Services Research, Technical Medical Center,

University of Twente, Enschede

4Department of Epidemiology, Maastricht

University, Maastricht

5Department of Pathology, University Medical

Center Utrecht, Utrecht

6Department of radiation Oncology, University

of Groningen, University Medical Center

Groningen, Groningen

7Department of Surgery, Canisius Wilhelmina

Hospital, Nijmegen, the Netherlands

Correspondence

Adri C. Voogd, Department of Epidemiology,

Maastricht University, P.O. Box 616, 6200 MD

Maastricht, The Netherlands.

Email: adri.voogd@maastrichtuniversity.nl

Abstract

Our study aimed to provide a comprehensive overview of trends in incidence, sur-

vival, mortality and treatment of first primary invasive breast cancer (BC), according

to age, stage and receptor subtype in the Netherlands between 1989 and 2017. Data

from all women diagnosed with first primary stage I to IV BC (N = 320 249) were

obtained from the Netherlands Cancer Registry. BC mortality and general population

data were retrieved from Statistics Netherlands. Age-standardised incidence and

mortality rates were calculated with annual percentage change (APC) and average

annual percentage change (AAPC) statistics. The relative survival (RS) was used as

estimator for disease-specific survival. The BC incidence for all BC patients combined

significantly increased until 2013 from 126 to 158 per 100 000 person-years, after

which a declining trend was observed. Surgery became less extensive, but (neo-)adju-

vant systemic treatments and their combinations were given more frequently. The

RS improved for all age groups and for most stages and receptor subtypes, but

remained stable for all subtypes since 2012 to 2013 and since 2000 to 2009 for

Stage IV BC at 15 years of follow-up. Overall, the 5- and 10-year RS increased from

76.8% (95% confidence interval [CI]: 76.1, 77.4) and 55.9% (95% CI: 54.7, 57.1) in

1989 to 1999 to 91.0% (95% CI: 90.5, 91.5) and 82.9% (95% CI: 82.2, 83.5), respec-

tively, in 2010 to 2016. BC mortality improved regardless of age and overall

decreased from 57 to 35 per 100 000 person-years between 1989 and 2017. In con-

clusion, the BC incidence in the Netherlands has steadily increased since 1989, but
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the latest trends show promising declines. Survival improved markedly for most

patients and the mortality decreased regardless of age.
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1 | INTRODUCTION

Breast cancer (BC) is the most common cancer and leading cause of

cancer-related death among women in most countries worldwide.1 It

accounts for almost one in four cancers (24.2%) in women, with an esti-

mated 2.1 million new cases globally in 2018.1 The incidence of BC has

been rising for decades in most developed countries and is expected to

continue to rise.1 Meanwhile, mortality rates have been steadily decreas-

ing in most European, American and other high-income countries, while

weak-to-moderate increases in mortality have been observed in some

lower-to-middle income countries.2-4 Worldwide, BC is responsible for

15.0% of all cancer-related deaths in women, with an estimated 627 000

deaths in 2018.1 However, BC survival has improved significantly in

recent decades for all age groups in most countries.4

The rising trends in BC incidence are attributed to the increased

presence of known risk factors, including early age at menarche, late

age at menopause, low parity, nulliparity, not breastfeeding, use of

oral contraceptives, hormone replacement therapy and older age at

first childbearing.5,6 Other factors that have been implicated to influ-

ence BC incidence include changes in lifestyle factors such as exces-

sive alcohol intake, increasing prevalence of obesity and a decrease in

physical activity.5,7,8 Moreover, screening programmes could influence

incidence, but can also influence stage distribution and improvements

in BC survival and eventually mortality.4 Improvement in survival

could also be explained by earlier detection outside screening,

improvements in treatment, access to appropriate healthcare and

increasing disease awareness.4,5

In the Netherlands, incidence, survival and mortality trends of

BC are generally comparable to those observed globally, as shown

by various studies.9-13 However, studies describing and inter-

preting these endpoints simultaneously are scare, and many of the

currently available trend studies in the Netherlands or elsewhere in

Europe are no longer up to date. Additionally, receptor subtype-

specific trends have remained largely unexplored, while these sub-

types have become increasingly important in recent years as

targets of new personalised ([neo-]adjuvant) treatment strate-

gies.13-15 Comprehensive trend analyses are useful for medical doc-

tors to better inform patients about their disease and are of great

interest to breast cancer researchers, policy makers and patient

advocates. Therefore, this study aimed to provide an up-to-date

and comprehensive overview of first primary invasive breast cancer

trends in incidence, treatment, survival and mortality in the Nether-

lands between 1989 and 2017. Trend evaluation was performed

for all BC patients combined and stratified by age group, stage and

receptor subtype.

2 | MATERIALS AND METHODS

2.1 | Data sources

Data from all women aged ≥18 years, diagnosed with tumour, node and

metastasis (TNM) Stages I to IV first primary invasive BC between 1989

and 2017, were obtained from the nationwide population-based Nether-

lands Cancer Registry (NCR), hosted by the Netherlands Comprehensive

Cancer Organisation (IKNL). The NCR contains records on pathologically

confirmed cancers after notification by the National Pathology Archive

(PALGA). Yearly linkage with the national discharge register data ensures

high completeness. All tumours in the registry are coded according to

the International Classification of Diseases for Oncology (ICD-O).

Patient-, tumour- and treatment-related characteristics were collected

from medical records from all Dutch hospitals by trained tumour regis-

trars from the NCR. Information on vital status and date of death is regu-

larly obtained through linkage with the Dutch Municipal Personal

Records database and was updated until January 31, 2018. Data on inva-

sive BC mortality cases and data on the general Dutch female population

were obtained from Statistics Netherlands.16,17

2.2 | Tumour stage, receptor subtype and
treatment

The Union for International Cancer Control (UICC) TNM classification

of malignant tumours was used to categorise BC stage. From 1989 to

2017, various editions have been introduced, ranging from the fourth

What's new?

Studies that simultaneously capture incidence, survival, and

mortality trends in breast cancer are scarce, and receptor sub-

type-specific trends have remained largely unexplored. This

study provides an up-to-date and comprehensive overview of

first primary invasive breast cancer trends in the Netherlands

in 1989 to 2017. Breast cancer incidence increased for all

breast cancer patients combined until 2013, but the latest

trends show a promising decline. Treatment strategies

became more complex. Relative survival improved for all age

groups and for most stages and receptor subtypes, and mor-

tality decreased overall. The results may be useful in

supporting healthcare management and informing current

clinical practice.
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to the eighth edition, and resulted in changes in the definition of

tumour stage.18 Most noticeably, going from the fifth to the sixth edi-

tion in 2003, a shift from Stage II to Stage III BC occurred as tumours

with more than three positive lymph nodes were categorised as Stage

III according to the sixth edition, whereas they were previously cat-

egorised as Stage II disease. All tumours were classified according to

the TNM classification valid at the date of diagnosis. If pathological

stage was missing, clinical stage was used.

Oestrogen receptor (ER) status and progesterone receptor

(PR) status were determined by immunohistochemistry (IHC) and

were actively registered by the NCR since 2005. Tumours were

defined as ER/PR-positive (ER+/PR+) when >10% of the tumour cells

stained positive (from 2011 the threshold was ≥10%). Human epider-

mal growth factor receptor 2 (HER2) was introduced and registered

since 2006. Tumours were defined HER2-positive (HER2+) if IHC was

3+ (at least 10% of cells showed strong intensity membrane staining)

or when confirmed positive with in situ hybridization (FISH/CISH).

HER2-negativity (HER2−) was declared by IHC when less than 10%

of the cells showed membrane staining or when FISH/CISH test out-

come was negative. Tumours with IHC 2+ without FISH/CISH confir-

mation available were considered unknown. For the analyses, we

grouped receptor subtypes into: hormone receptor (HR)+/HER2− (eg,

ER+ and/or PR+ and HER2−), HR+/HER2+ (ie, ER+ and/or PR+ and

HER2+), HR−/HER2+ (ie, ER−/PR−/HER2+) and HR−/HER2−

(ie, ER−/PR−/HER2−).

Treatment data on surgery, radiotherapy, chemotherapy and

endocrine therapy were included in the NCR since 1989 on an aggre-

gated level. Types of chemotherapy (eg, taxane-based and/or

anthracycline-based) and endocrine therapy (eg, tamoxifen and/or

aromatase inhibitors) were specified by the NCR since 2003. Targeted

therapy was included in the NCR since 2005 and almost exclusively

existed of trastuzumab (�99%). Treatment proportions were deter-

mined based on specific treatments received by patients at any time

during their treatment process, irrespective of duration or whether it

was completed. Type of endocrine therapy (tamoxifen and/or aroma-

tase inhibitors) was specified based on the first administered treat-

ment, as information on treatment in the NCR was only available up

to 1 year after diagnosis.

2.3 | Statistical analyses

Annual crude and age-standardised incidence and mortality rates for

the period 1989 to 2017 were calculated per 100 000 person-years

(PY) using the general population size, as obtained from Statistics

Netherlands, as person-time denominator.19 Crude rates were

calculated as 3-year moving averages with 2-year moving averages

calculated at both ends of the study period and rates were age-

standardised (European Standardised Rates, ESR) to the 2013 Euro-

pean Standard Population 95+ (2013 ESP 95+).20,21

Trend changes over time were evaluated with joinpoint regres-

sion analyses, with each model representing a series of connected

straight lines on a log scale and with each joinpoint denoting a

statistically significant change in trends. Annual percentage changes

(APCs) were determined for each trend segment and provide an over-

view of all trend changes over time. The average annual percentage

change (AAPC) provides a good summary measure of the overall trend

and was determined over the whole period.22,23 Both APCs and

AAPCs were calculated from the slope coefficients of the underlying

joinpoint models and were determined with the freely available

Joinpoint Regression Program version 4.7.0.0 and based on the previ-

ously determined age-standardised incidence and mortality rates.24

Two-sided significance was determined at an α = 0.05 level. Analyses

were performed using the “Uncorrelated Error Model” and the “Grid
Search Method” setting, with the number of points placed between

observed X-values set at 3. For model selection, the recommended

Bayesian Information Criteria 3 method was used.23 The minimum

allowed number of joinpoints was set at zero. The maximum allowed

number of joinpoints to be tested was based on the algorithmic rec-

ommendation table included in the Joinpoint help manual 4.7.0.0

(available at https://surveillance.cancer.gov/joinpoint), allowing a

maximum of five joinpoints for overall, age- and stage-specific rates

and a maximum number of two joinpoints for the subtype-specific

rates. The parametric method was used to calculate 95% confidence

intervals (CI). Further programme parameters were kept at their

default settings.

The relative survival (RS) was used as an estimator of disease-

specific survival and is the ratio between the observed survival of the

patients and the expected survival in the general Dutch population,

matched by attained age, sex and calendar year. Expected survival

was determined using nationwide lifetables of the general Dutch pop-

ulation adapted from Statistics Netherlands, containing survival prob-

ability data of women aged 0 to 99 years in 1989 to 2018. Outcomes

were age-standardised using the traditional method with cumulative

weights based on the age distribution in the 2013 ESP 95+.20 Used

weights were 0.47, 0.14, 0.30 and 0.09 for the <40, 40 to 49, 50 to

74, and ≥75 age groups, respectively.25 The RS was calculated using

the Ederer II approach.26 Brenner's period analysis was used to derive

more up-to-date estimates of the RS by exclusively considering the

survival time data of patients during a (recent) time period of interest

by left-truncating all observations at the start of the time period and

right-censoring them at its end. This is in contrast with the traditional

cohort methodology, which provides outdated long-term survival esti-

mates based on patients that were diagnosed many years ago without

consideration of ongoing improvements. A more detailed description

of the period analysis methodology is provided elsewhere.27 End of

follow-up was defined as year of death, year of emigration or 2016,

whichever came first. We limited survival analyses to 2016 to avoid

potential overestimation of long-term survival outcomes following

period analyses.27

All data analyses were performed using the Stata Software Pack-

age, version 14.2, and are presented for all BC patients combined and

stratified by age group (<40, 40-49, 50-74, and ≥75), stage and recep-

tor subtype when sample size allowed. Women with unavailable treat-

ment data (eg, due to not receiving any treatment or incomplete

registration) were excluded. To overcome difficulties in trend
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recognition over time due to the changes in tumour stage classifica-

tion, Stages II and III BC were analysed individually as well as grouped

together. Cut-off points for the age groups were based on the age at

invitation to the current Dutch national mammographic screening pro-

gramme (50-74 years), with younger and older women grouped

separately.

3 | RESULTS

3.1 | Study population

In total, 320 249 women were diagnosed with first primary invasive

BC in the Netherlands between 1989 and 2017 and of all women

who died (N = 2 027 353) during this period, 97 187 died from BC

(4.8%). The median age at diagnosis was 61 years (range

18-107 years). All population characteristics are presented in Table 1.

Data on the yearly number of BC deaths are included in Supplemen-

tary Table S1.

3.2 | Incidence

The BC incidence for all patients combined significantly increased

from 126 to 153 per 100 000 PY (AAPC = 0.7% [95% CI: 0.6, 0.9])

between 1989 and 2017 (Figure 1A and Table S2). Age-specific

results showed an increase in BC incidence from 15 to 20

(AAPC = 1.0% [95% CI: 0.5, 1.5]) in women aged <40 years, 150 to

176 (AAPC = 0.5% [95% CI: 0.2, 0.7]) for 40 to 49 years, and 237 to

315 per 100 000 PY (AAPC = 1.1% [95% CI: 0.8, 1.3]) in women aged

50 to 74 years at time of diagnosis. In women aged ≥75, the incidence

decreased from 300 to 269 per 100 000 PY (AAPC = −0.3% [95% CI:

−0.5, −0.2]) between 1989 and 2017.

In some subperiods, significant declines in BC incidence were

observed for all BC patients combined; in the period 1993 to 1997,

the incidence declined from 145 to 141 (APC = −1.3% [95% CI: −2.1,

−0.5]) and in the period 2013 to 2017 from 158 to 153 per 100 000

PY (APC = −0.8% [95% CI: −1.1, −0.5]). In women aged 40 to

49 years, the BC incidence significantly declined from 2006 onward

from 182 to 176 per 100 000 PY (APC = −0.4% [95% CI: −0.6, −0.2])

and in women aged 50 to 74 years it declined from 330 to 315 per

100 000 PY (APC = −1.1% [95% CI: −1.6, −0.7]) between 2013 and

2017. In women aged ≥75, BC incidence decreased since 1998 from

339 to 269 per 100 000 PY (APC = −1.2% [95% CI: −1.3, −1.1]) in

2017 (Table S2).

3.3 | Tumour stage

The incidence rates of Stage I BC for all patients combined increased

from 36 to 72 per 100 000 PY (AAPC = 2.6% [95% CI: 2.1, 3.0])

between 1989 and 2017. In the same period, the combined incidence

of Stages II and III BC decreased from 80 to 72 per 100 000 PY

(AAPC = −0.3% [95% CI: −0.5, −0.1]). The incidence of Stage IV BC

remained stable around 8 per 100 000 PY (AAPC = −0.2% [95% CI:

−0.6, 0.2]) (Figure S1 and Table S3).

Prior to the shift from the fifth to sixth edition of the TNM classi-

fication, the incidence of Stages II and III combined increased from

80 to 84 per 100 000 PY (AAPC = 0.5% [95% CI: 0.2, 0.7]) between

1989 and 2003 and declined from 84 to 72 per 100 000 PY

(AAPC = −1.1% [95% CI: −1.3, −0.8]) after the shift in 2003 to 2017.

Similar declines after the shift were observed for Stages II and III indi-

vidually (Table S4).

The incidence of Stage I BC increased for all age groups between

1989 and 2017, with the largest increase observed in women aged

50 to 74 years, increasing from 69 to 176 per 100 000 PY

(AAPC = 3.5% [95% CI: 3.0, 3.9]). The combined incidence of Stages II

and III BC increased in women aged <40 and 40 to 49 years, whereas

it decreased in women aged 50 to 74 and ≥75 years. In women aged

40 to 49 years, the incidence of Stage IV BC increased, whereas it

remained stable for the other age groups (Figure S2 and Tables S3

and S4).

3.4 | Receptor subtype

Between 2006 and 2017, the incidence of HR+/HER2− BC increased

from 104 to 112 per 100 000 PY (AAPC = 0.7% [95% CI: 0.5, 0.9])

and from 12 to 13 per 100 000 PY (AAPC = 1.0% [95% CI: 0.8, 1.3])

for HR+/HER2+ BC for all ages combined. Meanwhile, the incidence

of HR−/HER2+ BC declined from 8 to 7 per 100 000 PY

(AAPC = −0.9% [95% CI: −1.7, −0.2]) and from 16 to 15 per 100 000

PY (AAPC = −0.3% [95% CI: −0.6, −0.0]) for HR−/HER2− BC

(Figure S3 and Table S5).

HR+/HER2− BC incidence decreased slightly from 123 to

121 per 100 000 PY (AAPC = −0.3% [95% CI: −0.6, −0.0]) in women

aged 40 to 49 years, whereas it significantly increased among women

aged <40 and 50 to 74 years between 2006 and 2017. The incidence

of HR+/HER2+ BC increased for women aged <40, 40 to 49 and

50 to 74 years. No changes in incidence of HR+/HER2− and HR

+/HER2+ BC were observed since 1989 among women aged

≥75 years. Concurrently, the incidence of HR−/HER2+ BC decreased

from 15 to 13 (AAPC = −1.8% [95% CI: −2.3, −1.3]), and HR−/HER2

− BC decreased from 29 to 27 per 100 000 PY (AAPC−0.7 [95% CI:

−1.1, −0.3]) in women aged 50 to 74 years. The HR-negative BC inci-

dence remained stable for the remaining age groups (<40, 40-49 and

≥75 years) regardless of HER2-status (Figure 2 and Table S5).

3.5 | Treatment strategies

3.5.1 | Surgery and radiotherapy

The proportion of women with BC that underwent surgery remained

stable around 90% since 1989. Breast-conserving surgery (BCS)

became the preferred surgical intervention since 2003 with 60.1% of
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all surgically treated patients undergoing BCS in 2017 (Figure 3).

Radiotherapy use increased from 55.4% in 1989 to 70.1% in 2017

and was almost exclusively given in combination with surgical treat-

ment (up to 99.6% in 2013 to 2017) (Figure 3 and Table 1). The most

commonly provided local treatment was BCS followed by radiother-

apy, with 55.3% of BC patients receiving this combination in 2013 to

2017 (Table 1).

3.5.2 | Systemic treatment

The use of any systemic treatment increased from 41.8% in 1989 to

1992 to 71.1% in 2013 to 2017. Most women received endocrine

therapy only (28.4% in 1989-1992 and 30.8% in 2013-2017). The

proportion of women that received both chemotherapy and endocrine

therapy increased from 1.6% in 1989 to 1992 to 25.4% in 2009 to

2012, but slightly declined to 21.1% in 2013 to 2017. The use of

targeted therapy (mainly trastuzumab) increased from 7.9% in 2005 to

2008 to 10.8% in 2013 to 2017 (Figure S4). Trends in systemic treat-

ment use over time according to age, stage and receptor subtype are

included in Figure S5.

3.5.3 | Chemotherapy

The overall proportion of women that received chemotherapy

increased from 12.8% in 1989 to 46.0% in 2009, and decreased to

35.1% in 2017 (Figure 3). Chemotherapy use likewise decreased since

2009 for most age groups and stages, and for the HR+/HER2−

subtype, but remained stable in women aged ≥75 years (2%-3%) and

in women with Stage IV BC (41-43%), as shown in Figure S6. Among

all women receiving chemotherapy, the proportion treated with both

taxane- and anthracycline-containing regimens increased from 5.7% in

2003 to 2005 to 79.3% in 2015 to 2017 (Figure S7a).

3.5.4 | Endocrine therapy

Endocrine therapy use increased from 27.3% in 1989 to 59.6% in

2011, and slightly decreased to 56.1% in 2017 (Figure 3). Most

patients received tamoxifen as initial endocrine therapy. Use of

tamoxifen for all BC patients combined was stable at 88.2% to 91.8%

between 2003 to 2005 and 2009 to 2011, and subsequently

decreased to 74.5% in 2015 to 2017. The use of aromatase inhibitor

as initial endocrine therapy increased from 11.2% to 25.0% between

2003 to 2005 and 2015 to 2017 (Figure S7b). Endocrine therapy use

increased among women of all ages and for most BC stages (Stages I−III),

as shown in Figure S8.

3.6 | Relative survival

The RS at 5 and 10 years of follow-up for all BC patients com-

bined was 76.8% (95% CI: 76.1, 77.4) and 55.9% (95% CI: 54.7,

57.1) in 1989 to 1999, respectively, and increased to 91.0% (95%

CI: 90.5, 91.5) and 82.9% (95% CI: 82.2, 83.5) in 2010 to 2016.

Between 2000 to 2009 and 2010 to 2016, the 15-year RS

increased from 66.0% (95% CI: 65.2, 66.7) to 75.4% (95% CI: 74.6,
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76.2) and the 20-year RS increased from 53.5% (95% CI: 52.2,

54.8) to 68.1% (95% CI: 67.1, 69.1) (Figure 4).

The RS improved for all age groups and most stages between

1989 to 1999 and 2010 to 2016, but the 15-year RS remained stable

for Stage IV BC between 2000 to 2009 (RS = 4.6% [95% CI: 3.1, 6.4])

and 2010 to 2016 (RS = 7.2% [95% CI: 4.6, 10.5]). The survival of all

receptor subtypes improved between 2006 to 2011 and 2012 to

2013, but no further improvements were observed in the subsequent

period 2014 to 2016 (Figure 5 and Table S6).

The RS improved for all women aged <40, 40 to 49 and 50 to

74 years with Stages I to III BC between 1989 to 1999 and 2010

to 2016 for all years of follow-up. The RS at 10 and 15 years of

follow-up remained stable for those with Stage IV BC since 2000

to 2009 and likewise did not improve since 2000 to 2009 in women

aged ≥75 years with any stage BC (Figure S9 and Table S7). The

5-year RS of all receptor subtypes remained stable since 2012 to

2013 irrespective of age (Figure S10 and Table S8). Survival outcomes

were overall slightly lower in women aged ≥75 years in comparison

with other age groups and deteriorated with advancing stage for all

age groups (Figure 5, Figure S9, and Tables S6 and S7).

3.7 | Mortality

The BC mortality for women of all ages decreased from 57 to 35 per

100 000 PY (AAPC = −1.8% [95% CI: −1.9, −1.7]) between 1989 and

2017. Similar trends were observed for all age groups, as shown in

Figure 1B and Table S2.

F IGURE 2 Incidence trends in the Netherlands stratified by receptor subtype between 2006 and 2017 in women diagnosed with first
primary invasive breast cancer. Rates were adjusted for age (European Standard Rates, ESR) by direct standardisation according to the 2013
European Standard Population 95+ and calculated per 100 000 person-years (PY). HR + = ER+ and/or PR+, HR− = ER− and PR−. Information on
ER/PR and HER2-status was routinely collected by the Dutch cancer registry since 2005 and 2006, respectively. Note the different scaling in A
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4 | DISCUSSION

This study provides a comprehensive overview of first primary inva-

sive BC incidence, survival, mortality and treatment trends stratified

by age, stage and receptor subtype in the Netherlands between 1989

and 2017, using population-based data on 320 249 women with first

primary invasive BC from the NCR. BC incidence in the Netherlands

has steadily increased between 1989 and 2013. However, in recent

years, the latest time trends (APCs) revealed noticeable declines in BC

incidence for the entire patient population, in women aged 40 to

49 and 50 to 74 years, and in women with Stage I disease. In women

aged ≥75 years, BC incidence has been declining since 1998. Systemic

treatment increasingly involved a combination of chemotherapy,

endocrine therapy and targeted therapy. The RS improved markedly

over time for all years of follow-up for most patients, but remained

stable for all receptor subtypes since 2012 to 2013 and since 2000 to

2009 in women with Stage IV BC at 15 years of follow-up. BC mortal-

ity steadily decreased in women of all age groups since 1989.

4.1 | Incidence

The rising trends in BC incidence are consistent with those found in

previous Dutch and global (trend) studies1,4,5,9-12 and can be

attributed in part to changes in the prevalence of known risk and life-

style factors that have been shown to influence BC incidence.4,5 In a

recent case-control study, the increasingly common use of both oral

contraceptives (for more than 10 years) and hormone replacement

therapy (for more than 3 years) has been shown to increase the risk of

BC (relative risk = 3.2 [95% CI: 1.4, 7.4]) in women aged <55 years.6

Together with the increased alcohol consumption among younger

people this might explain the rising BC incidence in women aged

<40 years in this study.7 The worldwide rise in overweight and obe-

sity in recent decades is also likely to have contributed to the increase

in BC incidence in both premenopausal and postmenopausal women.8

In the United States, decreases in BC incidence in 2002 and 2003

were attributed to the declining use of hormone replacement therapy

in postmenopausal women following unfavourable publicity.28 How-

ever, similar trends were not observed in the Netherlands until 2005

and are likewise not observed now.29

The observed trends in BC incidence are probably also influenced

by the population-based mammography screening programme, which

has been operational in the Netherlands since 1989 and for which

women aged 50 to 74 years are invited biennially. Screening is

intended to favourably change the stage at diagnosis and leads to a

strong temporary increase in BC incidence due to the detection of

(mainly) slow growing tumours followed by a decline in more

advanced BC stages.4,5 This corresponds with the observed increase

F IGURE 3 Proportion of treatment received by patients with first primary invasive breast cancer in the Netherlands between 1989 and
2017. Targeted therapy (mainly trastuzumab) was routinely collected by the NCR since 2005. Cumulative proportion was calculated per
treatment strategy and based on treatment received (yes/no). Proportions of mastectomy and breast-conserving surgery were calculated based
on the proportion of patients receiving surgery. Patients that received both surgical treatments were included in the mastectomy group
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in the incidence of Stage I BC and the decline in incidence of Stage

II/III BC, which was most prominent in women aged 50 to 74 years.

The decline in BC incidence observed since 1998 in women aged ≥75,

who are no longer offered screening (compensatory drop), might also

reflect screening practices.30

The decline in BC incidence shown by the latest trends

(2013-2017 for all patients combined) might be associated with the

transition from screen-film to digital mammography between 2003

and 2010. In the period when digital mammography was implemented

an increase in BC incidence was observed in women aged 50 to

74 (2004-2013, APC = 1.2% [95% CI: 1.0, 1.5]) and in women with

Stage I BC (2005-2012, APC = 3.4% [95% CI: 3.0, 3.8]), whereas no

rise in incidence was observed prior to digital mammography imple-

mentation. A similar pattern was observed in women aged 50 to

74 year with HR+/HER2+ BC. In all cases, incidence rates either

decreased or remained stable in the subsequent period, which might

suggest a temporal increase after implementation of digital mammog-

raphy.31 However, in our study, the relation to screening was not

directly taken into account in the analyses since mode of detection

was not registered in the NCR until 2011. A recent study based on

actual screening attendance did show that the incidence of Stages III

and IV BC was significantly higher in nonscreened vs screened women

(94 vs 38 per 100 000 PY, respectively; odds ratio [OR] = 2.86, 95%

CI: [2.72, 3.00]).32 In our data, 56% of all women aged 50 to 74 years

were diagnosed through screening between 2011 and 2017. Thus,

screening has at least partially affected the BC incidence. Alterna-

tively, the observed decline in BC incidence in women aged 40 to

49 years might partly relate to the increase in prophylactic bilateral

mastectomies, which significantly lowers the BC incidence in unaf-

fected high risk women with BRCA mutations (85%-100%)33 and

recently showed a significant increase in uptake in women (mean age

41.8 years) who received genetic testing after 2008 (32.7% in the

Netherlands).34

4.2 | Treatment strategies

Therapeutic approaches of BC in the Netherlands have changed

drastically since 1989. BCS with adjuvant radiotherapy became the

preferred treatment over mastectomy after the publication of

F IGURE 4 Age-standardised relative
survival (RS) outcomes with corresponding
95% confidence intervals of first primary
invasive breast cancer in the Netherlands
between 1989 and 2017. Relative survival
was adjusted for age by direct
standardisation according to the 2013
European Standard Population 95+

van der MEER ET AL. 2299



landmark trials.35,36 The steep increase in both adjuvant chemother-

apy and endocrine therapy use between 2007 and 2009 can be

explained by the broadening of their indications following the 2008

revision of the Dutch evidence-based guidelines and the introduc-

tion of the decision tool “Adjuvant! Online”, which was developed to

predict the potential benefit of systemic treatment for individual BC

patients.37

The decline in chemotherapy use after 2009 is likely also related

to changes in the Dutch evidence-based guidelines for the manage-

ment of BC (www.oncoline.nl), which now recommends endocrine

therapy instead of chemotherapy in postmenopausal women with

Grade 2 tumours >1.1 cm and ER/PgR >50%. Possibly also related to

the decline in chemotherapy use is the increased use of the 70-gene

signature (70-GS, “MammaPrint”) and other measures used to assess

tumour aggressiveness (Ki67 immunohistochemistry, PgR status, etc.),

together with a growing focus on shared decision-making and a more

reluctant attitude of clinicians towards the use of chemotherapy in

low-risk patients.38,39

4.3 | Survival and mortality

Advances in treatment and more personalised therapeutic guidelines

likely also contributed to the improvements in BC survival and mortal-

ity.3-5 The sharp increase in the proportion of women that received

both taxane and anthracycline containing regimens from 2003-2005

to 2015-2017 may provide some explanation for the observed

improvements in survival, as use of combination chemotherapy has

been shown to improve survival in metastatic BC since the late

1960s.14 Improvements in survival and mortality may also relate to

more personalised therapy (adjuvant endocrine therapy and anti-

HER2 therapy) facilitated since the beginning of this century by the

use of information on tumour biology (HR and HER2-status), which

has improved treatment allocation to patients that will more likely

benefit based on their tumour characteristics, even for Stage IV dis-

ease.40 The gains in survival and mortality may also in part be attrib-

uted to the changed composition of women who receive endocrine

therapy, following changes in the Dutch national guidelines. Before

1999, endocrine therapy was given to all postmenopausal women

with N+ BC and was provided, irrespective of menopausal status, to

all women with N+ and ER+ BC. The similar survival of women with

either HER2-positive or HER2-negative BC, irrespective of HR-status,

likely relates to the use of trastuzumab, which was recommended in

the Netherlands since 2005.15 When not treated with trastuzumab,

the overall survival of HER2-positive BC is poorer compared to

HER2-negative BC41.

Stage at diagnosis has also remained one of the most important

determinants for BC survival, with survival becoming increasingly

worse with advancing stage. Improvements in stage-specific survival

have been described previously9,11 and may partly be explained by
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stage migration, due to advances in detecting distant metastases, but

also evolutions in TNM classification.42 In clinical practice, the impact

of stage migration has been observed after implementation of FDG-

PET in lung cancer care, which resulted in an increase in Stage IV clas-

sification.43 Improvements in the detection of distant metastases at

time of BC diagnosis likewise resulted in stage migration.44 It is there-

fore possible that stage migration contributed to the observed

improvements in stage-specific survival observed here. Poorer adher-

ence to treatment guidelines in older patients, together with the fact

that these women are no longer included in population screening,

may be responsible for the higher Stage II to IV rates at diagnosis in

women aged ≥75 years and might to some extent explain the lower

survival observed in these women compared to the younger age

groups.45

Decreases in BC mortality have been observed previously in

most European, North American and other high-income countries.3-5

In the south-eastern region of the Netherlands, mortality rates

declined annually with 2% between 1995 and 2004.9 In the current

study, a similar annual decline was observed for the entire Nether-

lands between 1989 and 2017. The declines in BC mortality and

improvements in survival have mainly been related to advances in

early diagnosis.3-5 Worldwide, early detection (mainly due to the

more widespread use of mammography screening) has been

suggested to be causal in the decline in BC mortality in high-income

countries.2,4 Findings in the Netherlands have led to the same con-

clusions.12,46,47 Projections from a simulation study based on six dis-

tinct models on BC mortality trends in the United States further

showed that screening was on average associated with 44% (model

range: 35%–60%) and 37% (model range: 26%–51%) of the observed

decline in overall BC mortality among women aged 30 to 79 years in

2000 and in 2012, respectively. The remaining decline in mortality in

2012 was on average attributed to chemotherapy; 31% (model

range: 22%–37%), endocrine therapy; 27% (model range: 18%–36%)

and trastuzumab; 4% (model range: 1%–6%).48 However, the data do

not support the viewpoint that screening has a substantial effect on

BC mortality, as declines in BC mortality in the Netherlands have

been present since the late 1980s, prior to the implementation of a

nationwide screening programme.49 Moreover, in this study, declines

in mortality were slightly higher in women aged <40 and 40 to

49 years than in older women, where organised screening is

expected to influence the mortality. Also, declines in this study were

already observed in the period shortly after screening implementa-

tion, which is not expected due to the usual time lag before screen-

ing effects become apparent.50 Advances in treatment are therefore

more likely to have caused this effect.49

4.4 | Strengths and limitations

The major strength of this study was the use of a large population-

based dataset from the NCR spanning almost three decades of BC

data. Data of all new BC patients were collected by trained registrars,

leading to high completeness and ruling out selection bias. This study

is among the first to include a detailed description on BC trends

according to receptor subtype in Europe, which is another major

strength. Nevertheless, data on receptor subtype were still limited

and consequently, we could not detect clear trends based on receptor

subtype. Furthermore, we did not have information available on risk

and lifestyle factors and were therefore not able to directly assess

trends in incidence according to these factors. We experienced some

difficulties in the assessment of trends due to the changing definition

of tumour stage. In particular, the change from the fifth to sixth TNM

classification resulted in a noticeable shift from Stage II to III disease,

which complicated trend recognition and comparisons over time. We

tried to address this shortcoming by combining both stages for ana-

lyses and by assessing preshift and postshift time trends separately

with joinpoint regression analyses. Finally, we did not have informa-

tion available on the BC-specific survival and therefore we used RS as

an estimator. Nonetheless, the RS is an appropriate method to use in

population-based studies on survival in the absence of cause of death

information and does not suffer from misclassification.

5 | CONCLUSION

This study provides a comprehensive overview of first primary inva-

sive BC trends in the Netherlands since 1989. The incidence of BC for

the entire patient population has steadily increased between 1989

and 2013, but has been declining since. Whether this declining trend

continues, should be confirmed by future trend studies covering sub-

sequent time periods. Meanwhile, the RS improved for all age groups

and for most stages and receptor subtypes, and the mortality of first

primary invasive BC has decreased substantially since 1989. The

observed trends in BC incidence, mortality and survival likely result

from the combined effect of preventive measures, earlier diagnosis

(population screening and better disease awareness), advances in

treatment, national implementation of personalised treatment guide-

lines and changes in the exposure to known risk factors.
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