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General introduction: Advances in prognosis 

and management of early breast cancer and 

outline of this thesis 
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ADVANCES IN PROGNOSIS AND MANAGEMENT OF 

EARLY BREAST CANCER 

Breast cancer incidence and mortality 

The incidence of breast cancer in The Netherlands is among the highest in the 

world. Breast cancer accounts for 33.6% of all cancers in Dutch women.
1
 The 

absolute number of breast cancer cases increased from 7,900 in 1989 to 11,200 

in 2000. In the same period the age standardised breast cancer incidence 

increased from 99.9 to 123.1 per 100,000 women (Figure 1). Based on present 

incidence rates, about 1 in every 8-9 women in The Netherlands will develop 

breast cancer.
1
 Despite this increasing incidence, mortality due to breast cancer 

has slowly, but steadily, decreased from 39.0 per 100,000 women in 1989 to 33.5 

in 2000 (Figure 1.1).
1
 Between the 1970s and the early 2000s, the 5-year overall 

survival gradually increased from approximately 60% to approximately 80%.
2
 The 

decrease in mortality has been attributed to the nationwide screening programme, 

which was gradually implemented in The Netherlands between 1989 and 1997.
3,4

However, evolvements in the management of early breast cancer, in particular the 

enhanced use of adjuvant systemic treatment, probably did have a greater impact 

on mortality.
5

Primary treatment 

Till 1980 primary surgical treatment of patients with early breast cancer consisted 

of modified radical mastectomy (MRM). In 1981 breast conserving therapy (BCT) 

was introduced in The Netherlands for patients with tumours  2 cm in diameter. 

In 1984 the indication for BCT was extended to tumours  3 cm. The proportion of 

patients receiving BCT gradually increased from 26% in 1984 to 53% in 1991.
6,7

Radiotherapy directed towards the whole breast, with an additional boost dose to
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Figure 1.1. Annual, age-adjusted breast cancer incidence and m o rtality  p er 1 0 0 .0 0 0  w o m en 

betw een 1 9 8 9  and 2 0 0 0  (Source: Netherlands Cancer Registry).
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the original tumour site, was administered as part of BCT. Radiotherapy directed 

towards the thoracic wall and regional lymph nodes was given to almost all 

patients until the mid 1980s, but from that time the administration of locoregional 

radiotherapy was restricted to patients with a high risk for locoregional 

recurrence.
8
 In the IKMN-region indications for locoregional radiotherapy were: 

tumour diameter more than 5 cm, irradical resection (axilla or thoracic wall), fixed 

axillary lymph nodes, more than 3 positive axillary lymph nodes, or a positive 

axillary top node.
9
 The administration of locoregional radiotherapy in high-risk 

patients has a positive influence on survival. In the 1990s and early 2000s the 

primary management of early breast cancer remained largely unchanged, besides 

the introduction of the sentinel node biopsy procedure for staging the axilla in the 

late 1990s. 
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Adjuvant systemic therapy 

In the 1980s and 1990s adjuvant systemic therapy was advised according to 

regional treatment guidelines. These guidelines recommended adjuvant systemic 

therapy for axillary node-positive (ANP) patients only. Chemotherapy was 

assigned to premenopausal ANP patients, and endocrine therapy to 

postmenopausal ANP patients (Table 1.1).
6,9

 In premenopausal patients with 

ANP, oestrogen receptor (ER) positive tumours ovariectomy was considered 

equally effective as adjuvant chemotherapy,
10

 but was generally not 

recommended. In the 1980s the proportion of ANP patients receiving any form of 

adjuvant systemic therapy increased from 49% in 1984 to 82% in 1991. The 

proportion of axillary node-negative (ANN) patients receiving adjuvant systemic 

therapy did not change and was less than 3%.
6
 Between 1991 and 2000 the use 

of adjuvant systemic therapy remained stable,
4,5

 but within The Netherlands 

differences in the management of ANN breast cancer grew.
11

 Therefore, the 

Dutch Society for Medical Oncology organised in 1998 a consensus meeting on 

the adjuvant treatment of ANN breast cancer. Conclusions of this meeting were 

that adjuvant systemic treatment was indicated for all ANP patients, and for ANN

Table 1.1. 1996 IKMN-guideline for adjuvant systemic therapy.9

AgeNumber of 
positive nodes 

Tumour
size (cm) 

Histological
grade

HR
<36 36-49 50-59 60-69 >=70

0 any any any      

>0 any any any 

 no adjuvant systemic therapy 

adjuvant chemotherapy (4  cycles AC ) 

adjuvant endocrine therapy (tamox ifen for at least 2 years) 

HR: hormone receptor; AC: doxorubicin / cyclophosphamide. 
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Table 1.2. 2002 Dutch guideline for adjuvant systemic therapy.13

AgeNumber of 
positive nodes 

Tumour
size (cm) 

Histological
grade

HR
<36 36-49 50-59 60-69 >=70

pos     
0.1-1.0 any 

neg     

pos     
I-II

neg     

pos
1.1-3.0

III
neg

pos

0

>3.0 any 
neg

pos
>0 any any 

neg

 no adjuvant systemic therapy 

adjuvant chemotherapy (4 cycles AC or 6 cycles CMF ) 

adjuvant endocrine therapy (5  years tamoxifen) 

 adjuvant combination therapy (both modalities) 

HR: hormone receptor; AC: doxorubicin / cyclophosphamide; CM F : cyclophosphamide / methotrexate / 

fluorouracil.

patients with a tumour diameter more than 3 cm, or with a tumour diameter 

between 1 and 3 cm and a poor histological grade or high mitotic counts.
11

 The 

consensus was implemented in the multidisciplinary, evidence-based Dutch 

guideline for the treatment of breast cancer published in 2002 (Table 1.2),
12,13

 and 

produced a 50% increase in the number of patients assigned to adjuvant systemic 

treatment.
14

 In 2004 the 2002 guideline was revised. Indications for adjuvant 

systemic therapy were further extended (Table 1.3).
15
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Adjuvant endocrine therapy 

In the 1980s adjuvant endocrine therapy with tamoxifen was recommended for 

patients with ER positive tumours only. But, between 1986 and 1991 the 

proportion of postmenopausal patients with ANP, ER negative tumours that 

received adjuvant tamoxifen increased from less than 10% to more than 40%,
6
 a 

trend probably attributable to the results of some trials and meta-analyses 

reported in this period.
10,16,17

 In line with this trend, the regional guideline from the 

Comprehensive Cancer Centre Middle Netherlands (IKMN), published in 1996, 

recommended tamoxifen for all ANP patients aged 50 years or more.
9
 However, 

in 1998 the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) 

concluded, based on their meta-analyses performed in1995, that in ER negative 

disease tamoxifen has little effect on recurrence or breast cancer related 

mortality.
18

 On the other hand, in ER positive disease 5 years of treatment with 

tamoxifen reduces the breast cancer mortality rate by about 31%.
19

 As a result, 

the 2002 Dutch guideline recommended that adjuvant tamoxifen should be given 

to patients with hormone receptor positive (oestrogen or progesterone) tumours 

only.
11-13

 In recent years adjuvant treatment with aromatase inhibitors has 

emerged as a new, and probably more effective, option for postmenopausal 

patients with hormone receptor positive tumours.
20

 In the ATAC trial, a trial 

comparing adjuvant treatment with anastrozole with adjuvant treatment with 

tamoxifen, anastrozole reduced the disease recurrence rate, by about 13%.
21

 The 

2004 Dutch guideline recommends an aromatase inhibitor after initial therapy with 

tamoxifen for all postmenopausal patients assigned to adjuvant endocrine 

therapy.
15

Adjuvant chemotherapy 

In the 1980s and early 1990s the preferred regimen of adjuvant chemotherapy 

comprised 6 cycles of cyclophosphamide, methotrexate, and fluorouracil (CMF).  
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Table 1.3. 2004 Dutch guideline for adjuvant systemic therapy.15

AgeNumber of 
positive nodes 

Tumour
size (cm) 

Histological
grade

HR
<36 36-49 50-59 60-69 >=70

I any      

pos     0.0-1.0
II-III

neg     

pos     
I-II

neg     

pos
1.1-2.0

III
neg

pos     
I

neg     

pos
2.1-3.0

II-III
neg

pos

0

>3.0 any 
neg

pos
1-3 any any 

neg

pos
>3 any any 

neg

 no adjuvant systemic therapy 

adjuvant chemotherapy (5 cycles FE C or FAC, in specific patients 6 cycles T AC) 

adjuvant endocrine therapy (premenopausal: 5 years tamoxifen; postmenopausal: tamoxifen for 2-3 

years followed by an aromatase inhibitor for 3-2 years) 

 adjuvant combination therapy (both modalities) 

HR: hormone receptor; FEC: fluorouracil / epirubicin / cyclophosphamide; FAC: fluorouracil / doxorubicin / 

cyclophosphamide; T AC: docetaxel / doxorubicin / cyclophosphamide. 

In the 1990s this regimen was gradually replaced by a regimen comprising 4 

cycles of doxorubicin and cyclophosphamide (AC). Although both regimens were 

considered equally effective
22

 -both regimens reduce the annual breast cancer 
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mortality rate by about 27% among women aged under 50, and 11% among 

those aged 50-69
23

- AC was recommended instead of CMF, under the impression 

that AC was a lesser burden to the patient.
9
 In 1998 the EBCTCG reported the 

suggestion that, compared to CMF, anthracycline-containing regimens produced 

somewhat greater effects on recurrence and mortality.
23

 This suggestion was 

confirmed by their meta-analyses performed in 2000 (reported in 2005).
19

However, the anthracyclin-containing regimens tested were usually given for 

about 6 months, instead of 3 months with regular AC, and in combination with 

other cytotoxic drugs. Fluorouracil, doxorubicin, cyclophosphamide (FAC), and 

fluorouracil, epirubicin, cyclophosphamide (FEC) were the combinations most 

widely studied. Adjuvant treatment with FAC or FEC reduces the breast cancer 

mortality rate by about 38% among women aged under 50, and 20% among 

those aged 50-69.
19

 The 2004 Dutch guideline for the treatment of breast cancer 

recommends adjuvant chemotherapy with a regimen comprising 5 cycles of FEC 

or FAC, instead of CMF or AC.
15

 New, even more effective regimens are 

emerging. A recently published trial compared 6 cycles of treatment with either 

docetaxel, doxorubicin, cyclophosphamide (TAC) or FAC in women with axillary 

node positive breast cancer. In this trial treatment with TAC, as compared with 

FAC, resulted in a 28% reduction in the risk of disease recurrence.
24

 Based on 

this trial, the 2004 Dutch guideline recommends TAC for premenopausal patients 

with ANP breast cancer overexpressing the HER2/neu receptor.
15

OUTLINE OF THIS THESIS 

As shown, in the past decades the management of early breast cancer has 

considerably changed. Adjuvant treatment decision-making has become much 

more complex, and prognostication has gained in importance. All studies in this 

thesis are dealing either with prognostication or with the consequences of a 

change in the management of early breast cancer. 
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Prognostic factors in early breast cancer are defined as measurements available 

at time of surgery that are associated with outcome. Prognostic factors are 

clinically relevant when they are used for treatment decision-making. In the 1980s 

involvement of the axillary lymph nodes was the only prognostic factor considered 

clinically relevant. The National Institutes of Health Consensus Panel on the 

Adjuvant Therapy and Endocrine therapy for Breast Cancer concluded in 1985 

that routine administration of adjuvant systemic therapy in women with 

histological negative axillary lymph nodes could not be recommended.
25

 But, in 

the late 1980s and early 1990s the administration of adjuvant systemic therapy to 

ANN patients became a mater of debate.
26,27

 a major conclusion at the St. Gallen 

Conference held in 1988 was that most ANN patients should also be treated with 

some form of adjuvant therapy.
28

 As a consequence, additional prognostic factors 

were needed to define high-risk ANN patients. For this matter, in 1989 a study 

was started in 5 hospitals located in the Middle-Netherlands. Consecutive patients 

with operable breast cancer were asked to participate in a prospective 

observational study on prognostic factors. The primary goal of this study was to 

evaluate the clinical relevance of a large number of potential prognostic factors. A 

secondary goal was to construct a prognostic index by which adjuvant therapy 

can be either omitted or adjusted to prognosis. This study is presented in Chapter

2 of this thesis.

In studies on early breast cancer, outcome is usually defined as the time from 

diagnosis or surgery until a particular endpoint. The endpoint can vary, and may 

include death, disease related death, or recurrent disease. However, an explicit 

definition of the endpoint used is provided in less than half of published studies.
29

In Chapter 3 data from the cohort of patients presented in Chapter 1 are used to 

evaluate the effects of various definitions of outcome on estimated outcome 

probability. The presented study specifically focuses on the influences of non-

disease related death and contralateral breast cancer. 
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Hormone receptors are considered weak prognostic factors.
30

 Three techniques 

for ER and progesterone receptor (PR) determination are commonly used: ligand 

binding assay (LBA), immunocytochemical assay (ICA), and enzyme immuno 

assay (EIA). At least until 1992, LBA has been the preferred and most commonly 

used method.
31

 But nowadays, most, if not all, hospitals in the Netherlands use 

ICA. The prognostic value of EIA and ICA appear of the same magnitude 

compared with that of LBA.
32,33

 But, the prognostic value of ICA and EIA has not 

been compared with each other before. In Chapter 4 the prognostic value of ER 

and PR detected both by ICA and EIA is prospectively compared in a subgroup of 

patients from the cohort presented in Chapter 1. 

The broad use of adjuvant systemic therapy in ANN breast cancer was introduced 

in the Netherlands after the 1998 consensus meeting. The Dutch guideline for the 

treatment of breast cancer, published in 2002, used tumour size, and histological 

grade or mitotic counts to select ANN patients for adjuvant systemic therapy.
12,13

In Chapter 5 the reproducibility and prognostic value of histological grade and 

mitotic counts is studied specifically in patients with ANN breast cancer. Selected 

is a subgroup of patients from the cohort presented in Chapter 2, that is ANN and 

that did not receive adjuvant systemic therapy. 

The major question, however, is not simply how to select patient categories that 

are at high risk for recurrence, but how to select patient categories for which the 

usefulness of adjuvant systemic therapy is high enough to justify its side effects 

and inconvenience. It is complex to predict the benefit of adjuvant systemic for an 

individual woman with early breast cancer. It involves integration of information 

about baseline prognosis, efficacy of various treatment options, and estimates of 

competing risk. In 2001 two computer programs, Adjuvant! and Numeracy, were 

introduced that provide an estimate of the absolute benefit associated with 

various commonly used regimens of adjuvant systemic therapy for the individual 
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woman with early breast cancer.
34,35

 In Chapter 6 the prognostic and predictive 

estimates made by Adjuvant! and Numeracy are mutually compared using the 

cohort of breast cancer patients presented in Chapter 2. In this chapter Adjuvant!

is also validated for use in the Dutch setting. Prognosis determined with Adjuvant! 

is compared with the observed 10-year overall and relapse-free survival. In 

addition, the absolute benefit in overall survival from adjuvant systemic therapy as 

predicted by Adjuvant! is compared with the presence or absence of an indication 

for adjuvant systemic therapy according to the Dutch guideline from 2002 and the 

revised guideline from 2004. 

For breast cancer patients, the optimal sequence of adjuvant chemotherapy and 

radiotherapy is not clearly defined. In the 1980s and 1990s both modalities were 

given concurrently in the IKMN-region. Theoretically, one can expect the largest 

treatment benefit with this policy.
36

 However, it has been reported that the 

concurrent administration of the two modalities leads to an increased incidence of 

side effects.
37

 In the 1990s adjuvant CMF chemotherapy was gradually replaced 

by adjuvant AC chemotherapy. In Chapter 7 of this thesis the acute toxicity of 

radiotherapy alone, radiotherapy concurrent with AC, and radiotherapy concurrent 

with CMF is prospectively compared. 

In Chapter 8 the results and conclusions from the studies presented in this thesis 

are summarised and discussed in a broader perspective. Chapter 9 is a 

translation in Dutch of this chapter. 
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