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Breast cancer epidemiology
With an annual incidence of 17.000 per year in the Netherlands, and 1.7 million 
worldwide, breast cancer is the most frequent malignancy in females, and the second 
most frequent cancer overall after lung cancer.1 Over the past years, there is a steady 
increase in incidence, together with steadily improving survival rates. A major factor 
in the improving survival rates is the concept of (neo)adjuvant therapy.2 

Currently, there are three cornerstones for the treatment of primary breast cancer: 
surgery, radiotherapy and systemic (neo)adjuvant therapy. The aim of surgery is to 
remove the primary tumour, thereby preventing future metastasis and locoregional 
complications. The aim of radiotherapy is the prevention of local and regional 
relapse, especially after breast-conserving surgery and in the presence of lymph node 
metastasis. The aim of adjuvant systemic therapy, either endocrine therapy, targeted 
therapy or chemotherapy, is to prevent relapse, in particular distant metastasis. In 
addition, the concept of neo-adjuvant therapy, in which systemic therapy is applied 
before the operation, also leads to tumour shrinkage. This could allow breast-
conserving surgery, as well as axillary downstaging and provides knowledge about 
the sensitivity of the tumour towards the therapy. 

Approximately 80% of all breast cancers are hormone-receptor positive, meaning 
that the tumour is expressing either the estrogen receptor (ER), progesterone 
receptor (PgR) or both.3 With this expression, the tumour is capable of stimulating 
its own growth by receiving a higher amount of estrogen-dependent growth signals.4

Endocrine therapy
Already in the 19th century, the concept of endocrine sensitivity of breast cancer was 
discovered, when Col. Sir George Thomas Beatson performed an oophorectomy at 
three patient with advanced breast cancer, thereby reducing their metastases.5 For 
decades, the oophorectomy became standard therapy for advanced breast cancer. In 
the 1960’s and 70’s, a first type of chemical endocrine therapy was first discovered. 
Tamoxifen, a selective estrogen receptor modulator (SERM) first developed as an 
oral anticonceptive, was shown to have growth inhibiting capacities in HR-positive 
breast cancer. Initially, this treatment was only used in advanced disease, to inhibit 
the growth of metastases. However, soon it was also discovered that preventive use of 
tamoxifen was able to lower the chance of disease recurrence.6-9 It was established that 
2 years, and later 5 years of tamoxifen was associated to a lower rate of recurrences.10, 11 
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In a post-hoc meta-analysis by the Early Breast Cancer Trialists Collaborative Group 
(EBCTCG), it was established that at 15 years after diagnosis, there was an absolute 
benefit of 12% on recurrence-free survival of tamoxifen 5 years (33% recurrence) 
versus no adjuvant endocrine therapy (45% recurrence).12

Meanwhile, a second class of endocrine therapy was being developed. Brodie et al 
first showed the concept of aromatase inhibition, in which the enzyme aromatase, 
which is responsible for the conversion from androgens to estrogens, is being 
inhibited.13 In case of a postmenopausal patient, for which aromatase-dependent 
androgen conversion is the only source of estrogens, this would lead to a theoretical 
full depletion of estrogen, thereby preventing any activation of the estrogen receptor.

The Intergroup Exemestane trial (IES trial) was the first trial to directly compare the 
effect of tamoxifen and aromatase inhibitors, in this case exemestane.  After 2-3 
years on tamoxifen, patients were randomized between either completing 5 years 
of tamoxifen, or switching to exemestane to complete 5 years of adjuvant endocrine 
therapy. Both at 5 and 10 years follow-up, there was a significant improvement for 
disease-free (DFS) and overall survival (OS) for the switch to exemestane.14, 15 The 
Arimidex, Tamoxifen, alone or in combination trial (ATAC) compared anastrozole 
and tamoxifen monotherapy, together with a third arm combining both agents. The 
combination arm was closed due to a lack of additional benefit. This study showed 
that for DFS and distant metastasis-free survival, there was a benefit of an AI over 
tamoxifen monotherapy.16, 17 These results were confirmed by the Breast International 
Group (BIG) 1-98, which additionally showed that a sequential therapy of tamoxifen 
followed by an AI, was also superior over tamoxifen monotherapy.18>

The Tamoxifen and Exemestane Adjuvant Multicenter Trial (TEAM) compared 
exemestane monotherapy with a sequential scheme of tamoxifen for 2.5 years, 
followed by exemestane to complete 5 years of therapy. Both at 5 and 10 years of 
follow-up, this trial showed no difference in DFS or OS.19, 20 In a recent meta-analysis 
performed by the EBCTCG, it was confirmed that there was a clinically and statistically 
significant benefit of both sequential therapy and AI monotherapy over tamoxifen 
monotherapy, both for DFS and OS. Moreover, a marginal benefit of AI monotherapy 
over sequential therapy was shown for DFS with an absolute risk reduction of 0.7% 
(HR 0.90, p=0.045), but not for OS (HR 0.89, p=0.11).21
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Despite the success of adjuvant endocrine therapy, there is still a continuous risk for 
recurrences up to 15 years after diagnosis.22 Therefore, the concept of extended (i.e. 
longer than 5 years) adjuvant endocrine therapy was developed. Initially, extended 
therapy was mainly studied in the context of extended 5 years of tamoxifen. After 5 
years of tamoxifen, it was shown that extended therapy with either another 5 years 
of tamoxifen, or 5 years of an AI was beneficial in terms of disease-free survival, in 
particular in patients with node-positive disease.23-25 However, the effect on overall 
survival was marginal, and not statistically significant when data were pooled in a 
meta-analysis.26 After receiving an AI in the first 5 years of treatment, until date no 
study has shown that extended therapy has a significant benefit.

Biomarkers
In all studies mentioned above, it is apparent that there is only a small group of 
patients that benefits from (extended) adjuvant endocrine therapy. For example, 
when comparing 5 years of tamoxifen with no adjuvant therapy, the absolute 
reduction of 12% and the hazard ratio of 0.73 looks impressive, but also means that 
88% of the patients is treated in vain.12 This means that there is a lot of room for 
improvement. The guidelines for adjuvant therapy are relatively strict; both adjuvant 
chemotherapy and endocrine therapy are indicated quite easily, thereby lowering 
the risk for undertreatment. However, due to this approach many patients will be 
overtreated, which is especially concerning given the side effect profiles of adjuvant 
chemotherapy and endocrine therapy. Therefore, tailoring strategies are crucial in 
order to optimize adjuvant therapy, so that maximal benefits can be achieved with 
minimal harms.

Currently, the possibilities to tailor adjuvant (extended) therapy are limited. For 
adjuvant chemotherapy, the current tailoring strategies are mainly risk-based. In 
theory, patients with a higher risk of recurrence will benefit more from adjuvant 
chemotherapy compared to patients with a low risk of recurrence. Traditionally, 
clinicopathological factors like lymph node status, tumour size, receptor status, 
differentiation grade and age are used to determine the risk for recurrence. However, 
more recently, gene expression profiles have shown to be interesting prognostic tools, 
accurately predicting the risk for recurrence.27, 28 

Besides the risk-based tailoring approach, there is also a biology-based approach 
to tailor therapy. For endocrine therapy, ER and PgR are used as biomarkers to tailor 
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endocrine therapy. However, since 80% of all breast cancer patients is either ER 
and/or PgR-positive, and all above-mentioned trials had ER and/or PgR-positivity as 
inclusion criterion, the level of tailoring reached with only ER and PgR is insufficient. 

One factor that could provide a biology-based tailoring approach, next to the hormone 
receptors, is the immune system. It is well known that the immune system, and the 
adaptation of the tumour to the immunological burden, is crucial in the development, 
growth and metastasis of a tumor.29 One of the many important aspects in the tumour-
immune system interaction, are tumour infiltrating lymphocytes (TILs). Although 
many different subcategories of lymphocytes are present within a tumour, T-cells, and 
specifically CD8-positive cytotoxic T-cells, are the most abundant. It has been shown 
for triple-negative breast cancer, and HER2-positive breast cancer, that higher levels 
of TILs are associated to a better prognosis, and a higher success rate of adjuvant 
chemotherapy and HER2-targeted therapy.30-37 Remarkably, this association was not 
observed for ER-positive breast cancer, in which TILs have no prognostic value.38, 39  
However, the predictive value of TILs on endocrine therapy has never been studied.

In this thesis we aimed to tailor adjuvant therapy, and in particular adjuvant endocrine 
therapy, using multiple approaches. We particularly focused on the benefits of 
extended endocrine therapy, and on new translational approaches for tailoring 
adjuvant therapy for postmenopausal patients with early breast cancer.

Outline of this thesis

Part I of this thesis is aimed at the clinical use of extended endocrine therapy. 

Chapter 2 provides an overview of all the current evidence for extended therapy, and 
the prospectives of the trials that will be reported in the future. Chapter 3 describes 
the primary results of the multicentre phase III IDEAL trial, in which patients who 
received any kind of 5 years adjuvant endocrine therapy, were randomized between 
either 2.5 or 5 years of extended therapy. Chapter 4 provides a more detailed subgroup 
analysis of the IDEAL trial, trying to identify a clinicopathological subgroup for which 
there is a benefit of longer extended therapy. Chapter 5 describes which factors are 
associated to choosing to participate in the IDEAL trial, which factors contributed to 
treatment compliance, and the impact of treatment compliance on survival. 
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Part II of this thesis is aimed at tailoring both (neo)adjuvant chemotherapy and 
endocrine therapy, using biomarker-based approaches.

Chapter 6 describes the development and validation of a new platform, capable of 
assessing the activity of the estrogen receptor pathway. This platform was developed 
by determining the activity of downstream gene targets of the estrogen receptor, 
and thereby estimating the probability that the estrogen receptor is active. When 
the receptor is indeed active, it might predict for the benefit of endocrine therapy, 
whereas with an inactive pathway endocrine therapy would have little effect. Chapter 
7 explores the use of tumour-infiltrating lymphocytes (TILs) as a prognostic marker in 
ER-positive breast cancer, and as a predictive marker for endocrine therapy. Chapter 8 
further studies TILs as a prognostic marker, in combination with expression of the cell 
surface death receptor FAS. Chapter 9 provides a systematic review of gene expression 
profiles, in which the four major assays (Endopredict , MammaPrint, OncotypeDX, 
and Prosigna) are reviewed on the developmental procedure, prognostic and 
predictive capacities, clinical utility and the economic value of the tests. Chapter 10 
provides a critical interpretation of the results  of the MINDACT trial, a major clinical 
trial evaluating the use of MammaPrint in clinical practice.

Finally, a summary and discussion on the results of this thesis will be provided in 
chapter 11, addressing the future perspectives of tailoring adjuvant therapy.  
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