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The main focus of this thesis is to study the long-term cardiovascular effects of 
chemotherapy and radiotherapy in breast cancer survivors in general practice. Thereby, 
the aim is to study the prevalence and the risk of cardiac dysfunction and cardiovascular 
disease in women treated for breast cancer and compare this to age- and general 
practitioner (GP) matched controls in primary care. Furthermore, in this thesis an 
attempt is made to identify which factors are associated with this risk. We, therefore, 
examined the usefulness of cardiac biomarkers measured at time of breast cancer 
diagnosis in a systematic review. Furthermore, biomarker profiles were analysed to 
hypothesize on the possible causal pathway of the development of cardiac dysfunction 
in breast cancer survivors.  
 
Background 
Breast cancer 
Breast cancer is the leading cause of cancer among women with about 1.7 million 
women diagnosed worldwide.1 In the Netherlands, a sharp increase of the incidence of 
breast cancer was observed in the early nineties (Figure 1A). This has been explained 
by the implementation of the breast cancer screening program, by the ageing of the 
population and probably by the fact that unfavourable lifestyle and reproductive risk 
factors became more common.2, 3 Examples of unfavourable lifestyle risk factors are: 
obesity and physical inactivity. Examples of unfavourable reproductive risk factors are: 
later age at first childbirth and less breastfeeding.2 A report of the Dutch Cancer Society 
published in 2011, observed a steep increase in cancer incidence which was mainly due 
to aging of the population.3 In 2010 in the Netherlands the life-time risk for developing 
breast cancer was 1 in 6.6 women.4 
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Figure 1 Incidence of invasive breast cancer per 100.000 according to European standardised rate* (A) 
and survival (B) of breast cancer between 1990 and 2015 5

*the rate that would have been found if the population had the same age-composition as a hypothetical European 
population each year 6

Due to combined increase in incidence and improved survival, the 10-years prevalence 
of breast cancer also increased.7 The current 10-years prevalence in the Netherlands is 
12.9 per 1000 women.5 This improvement of survival is probably due to advances in 
treatment, better staging and early treatment of less advanced stages because of 
detection through screening.8-11 Up to 85% of all women diagnosed today will still be 
alive five years after diagnosis12 and up to 75% 10 years after diagnosis (figure 1B).13

This implies that a standard Dutch GP practice (which includes 2168 patients) on 
average includes 20 women with a history of breast cancer.14 Of these about 70% have 
been treated with chemotherapy, radiotherapy or both.15-18 It is important for GPs to 
know the cardiovascular problems that these women may experience on the long term.

Risk of cardiotoxicity in breast cancer survivors 
Several studies have investigated the risk of cardiotoxicity after chemotherapy and 
radiotherapy for breast cancer. 

Up till now, most studies on long-term cardiotoxic effects of chemotherapy in 
breast cancer survivors included specific groups. This can be considered as a limitation 
of the generalizability of these studies. Furthermore, most studies investigating cardiac 
dysfunction after chemotherapy lack information on long-term follow-up.19-27 Studies 
comprising selected populations had follow-up information on patients who 
contributed to randomized controlled trials, which may have influenced the risk
estimates.28-31 Others examined the frequency of diagnosed cardiac dysfunction 
without knowing cardiovascular risk factors, which may have led to inconsistencies and 
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clinical difficulties in the interpretation of risks.32-37 Furthermore, risks may have been 
overestimated as most studies lacked data on the prevalence of (a)symptomatic cardiac 
dysfunction in a population of women without breast cancer treatment.38-41 

Adverse effects of radiotherapy to the heart have been known after their wide-
spread introduction in the end of the sixties.42 As newer radiation schemes are 
introduced, risks of cardiovascular morbidity and mortality due to radiation seem to 
decrease.32, 36, 43-45 However, also with modern schemes small parts of the heart may be 
situated in the radiated field, and small doses to the heart may also give an increased 
risk of cardiovascular morbidity.46 Up till now, studies on modern schemes (after 1980) 
have been inconclusive and lack sufficient follow-up to show the adverse effects on 
morbidity and survival. 36, 47-52  

The majority of studies investigating the effects of chemo- and/or radiotherapy 
by echocardiography have focussed on the effects of treatment on the left systolic 
function of the heart. However, scarring and fibrosis due to these therapies, could also 
lead to dysfunction of the diastolic or the right ventricular function.41 Both are 
associated with an increased mortality.53 With echocardiography the systolic and 
diastolic function of the left ventricle as well as systolic function of the right ventricle 
can be assessed, and may show changes early in the course of disease.52  
 

Pathophysiology of cardiotoxicity due to cancer treatments 
Several pathways have been proposed as possible mechanisms through which 
chemotherapy and radiotherapy for breast cancer lead to damage to the heart, and 
therewith are associated with an increased risk of developing cardiovascular disease.54 

Nowadays, anthracyclines (either doxorubicin or epirubicin) are the most 
frequently used type of chemotherapy given to breast cancer patients.55 The leading 
hypothesis of the pathophysiological mechanism leading to cardiotoxicity in 
anthracycline-treated patients is formation of free radicals and alcohol metabolites, 
through several pathways. Finally, these pathways lead to oxidative stress and damage 
to the cardiac muscle.56 Furthermore, the impairment of pro-survival pathways may 
lead to premature cardiomyocyte death. Besides, cardiac progenitor cells may be 
affected leading to impaired response to further injury by cardiotoxic treatments or 
pathologic stress caused other cardiac risk factors.56 This may cause cardiomyopathy, 
which in time leads to a reduced left ventricular ejection fraction and is associated with 
heart failure, severe arrhythmias and heart valve damage57-59, especially when higher 
cumulative doses were adminstererd.60  

Also, other chemotherapeutic agents, like alkylating agents (e.g. 
cyclophosphamide) and taxanes (e.g. paclitaxel and docetaxel), have cardiotoxic 
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effects.61, 62 Cardiotoxicity leading to left ventricle dysfunction due to alkylating agents 
usually occurs shortly after initial administration.62 Taxanes, on the other hand, may 
potentiate the effect of anthracyclines by interfering with their metabolism and 
excretion62 and by enhancing the formation of alcohol metabolites leading to potential 
increased risk on the long-term as well.63 Another therapy which has a cardiotoxic 
effect is trastuzumab. Targeted therapy with trastuzumab, given to patients with an 
overexpression of HER-2-Neu, may lead to cardiac dysfunction especially when given 
during or directly following anthracyclines-therapy. This effect is possibly due to a 
blockage of the repair mechanism of the heart caused by trastuzumab, which prevents 
the heart repairing the damage due to anthracyclines.64 This dysfunction appears 
during treatment, and is highly reversible when treatment with trastuzumab is 
(temporarily) suspended.64  

During radiation therapy, especially in left-sided treated patients, a part of the 
cardiac muscle may be situated in the radiation field, leading to direct exposure of the 
heart.54 Exposure to radiation may induce an initial inflammatory response, which is 
followed by fibroblast proliferation and remodeling.65 This may lead to the 
development of pericardial fibrosis and micro- and macrovascular damage.42, 56, 66 
Microvascular damage, can lead to ischemia and ultimately fibroses. This myocardial 
fibrosis leads to cardiomyopathy and congestive heart failure.54 In turn, macrovascular 
damage leads to coronary artery disease, resulting in ischemic heart disease such as 
angina pectoris and myocardial infarction.54 Besides, myocardial infarction and 
cardiomyopathy, arrhythmias and cardiac valve disease are mentioned as 
consequences of radiation therapy. 33, 67, 68 

Thus, chemotherapy and radiotherapy are supposed to have a direct effect by 
damaging the cells as described above. Furthermore, an indirect effect (not directly due 
to the treatments itself)  is described by Jones et al. called the multiple-hit hypothesis.69, 

70 The first hit may be caused by the direct effect of cardiotoxic treatments. This direct 
damage might decrease the cardiac reserve which may lead to a decreased capability 
of the cardiac muscle to cope with additional damage. As additional hits are added – 
for instance due to the effect of diabetes or hypertension – the cardiac reserve might 
become even smaller (Figure 2). In contrast, a decreased cardiac reserve at start of 
breast cancer treatment, due to the effects of other risk factors, such as diabetes, may 
increase the adverse effects of breast cancer treatment as well. The more hits received, 
the more strain on the heart arises. This may lead to a lower reserve ending in 
cardiomyopathy and heart failure.   
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Figure 2 Decrease in cardiac reserve across breast cancer survivors according to multiple hit theory

Cardiac dysfunction as a result of cardiotoxic therapy can be present in the short-term 
(during breast cancer treatment), but also years (> 5 years) after diagnosis. The short-
term effects may be due to the direct damage, while long-term consequences may be 
due to the combined effects of direct and indirect damage. It remains uncertain, 
especially on the long-term, to what extend these therapies impair the cardiac function.

Follow-up care of breast cancer patients
In the Netherlands, follow-up of patients who have been curatively treated for breast 
cancer focusses on two topics: early detection and survivorship-care.

Early detection of recurrences and contralateral primary tumours is mainly 
performed by medical specialists in the hospital in the first five years after treatment. 
Patients above the age of 60 are then referred back to the national screening program 
in case of an ablation of the breast or to the GP when they had breast conserving 
surgery.14

Survivorship-care is delivered by both care providers in the hospital as well as 
the GP. The focus of a this care is monitoring treatment-related side-effects, and 
providing care and support.14 Monitoring side-effects include treating lymphedema and 
shoulder pain, side effects of anti-hormonal medication and (underlying causes of) 
fatigue. Care and support should be given to women with psychosocial distress, an 
increase of body weight, with anticonception or hormonal therapy wishes, with 
problems related to sexuality or returning to work. 

Cardiotoxicity is mentioned as a potential side-effect of treatment in the breast 
cancer guideline of the Dutch College of General Practitioners.14 However, no 
recommendations are made regarding routine cardiac follow-up or incorporating 
cardiotoxicity in the cardiovascular risk assessment. This is because prevalence in 
primary care is unknown. Studies on the risk of cardiac dysfunction due to breast cancer 
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therapy do not reflect the population of breast cancer survivors in general practice. 
Therefore, it is uncertain whether long-term routine cardiac follow-up is useful. 
Furthermore, before determining whether to add chemo- and/or radiotherapy 
treatment for breast cancer to the cardiovascular risk management (CVRM) guideline 
of the Dutch College of General Practitioners (NHG), the prevalence must be known. 71 
 
Objectives and outline of the thesis 
The main focus of this thesis is to estimate the burden of cardiac dysfunction in women 
treated for breast cancer with chemo- and/or radiotherapy in the general population 
compared to age- and GP-matched controls. In addition, this thesis aims to find 
methods to identify women who are at increased risk of developing cardiac 
dysfunction, and biomarkers are explored to give more insight in the possible aetiology 
of the occurrence of cardiovascular disease after breast cancer treatment.  

To answer these questions, a retrospective study, a cross-sectional study, and 
a systematic review have been performed. The majority of the chapters (2, 4 and 5) are 
based on data of the BLOC (Breast Cancer Long-term Outcome Cardiac dysfunction) 
study: a cross-sectional cohort study of 350 long-term breast cancer survivors treated 
with chemo- and/or radiotherapy and 350 age- and GP matched controls derived from 
general practice. This large study contained echocardiographic data, blood samples and 
questionnaires of all 700 participants. In this study we were able to compare outcomes 
of breast cancer survivors with those of control women to contribute to a more 
accurate assessment of risks.  
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Part I Prevalence  
The first part of this thesis focusses on the main research question regarding the 
prevalence of cardiac dysfunction of breast cancer survivors, and presents the results 
of two studies: 

1. Long-term follow-up for cardiovascular disease after chemotherapy and/or 
radiotherapy for breast cancer in an unselected population  

In this retrospective analysis of electronic patient files of GPs the aim 
was to assess the risk of congestive heart failure, vascular cardiac 
diseases, and ‘other’ cardiac diseases in an unselected population of 
women curatively treated for breast cancer, compared with an age- 
and general-practice matched random sample of women. In addition, 
breast cancer survivors treated with radiotherapy were compared to 
those threated without radiotherapy and breast cancer survivors with 
chemotherapy were compared to survivors without chemotherapy. 

2. Long-term outcome of cardiac function in a population-based cohort of early 
breast cancer survivors: a cross-sectional study [BLOC-study] 

This cross-sectional study, derived from the BLOC-study, assessed the 
prevalence of long-term echocardiographic-based cardiac dysfunction 
among early breast cancer survivors treated with chemotherapy (± 
radiotherapy) or radiotherapy only, and compared that with the 
prevalence of cardiac dysfunction among matched control women in a 
primary care setting. In addition, the prevalence of cardiovascular 
disease and prescribed cardiovascular medication was assessed among 
survivors and controls.  

Part II Risk assessment  
In the second part of the thesis, the goal was to gain more insight into factors that are 
associated with long-term cardiac dysfunction, and therewith identify factors 
associated with higher risk of long-term cardiac dysfunction and cardiovascular disease 
among the long-term survivors.   

3. Troponin and (NT-pro)BNP as predictors for the occurrence of asymptomatic 
and symptomatic cardiac dysfunction during or after breast cancer treatment: 
a systematic review 

This systematic review evaluated whether an increased value of 
troponin or (NT-pro)BNP during breast cancer treatment could predict 
the occurrence of subsequent cardiac dysfunction. Thereby, it may 
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serve as a tool to identify a high risk cohort within the group of breast 
cancer survivors.  

4. Long-term survivors of breast cancer treated with chemotherapy are 
characterized by a pro-inflammatory biomarker profile compared to matched 
controls [BLOC study]  

This aim of this analysis was to search for differences in biomarker 
profiles between breast cancer survivors and women without a history 
of cancer and to identify whether these profiles relate to their cardiac 
function, and therewith give clues to the pathophysiology of 
cardiotoxicity.  

Finally, the last chapter contains a summary and general discussion on the most 
important results of this thesis.  
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