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Chapter 1

General introduction

1.1 Background

Over people in the Netherlands are alive with invasive cancer or have a his-
tory of cancer.1 Better outcomes due to earlier diagnosis and improved treatment of
cancer have resulted in a growing number of cancer survivors. Manywill have a long
residual life span after their cancer treatment. However, residual life span and health
in this residual life span may be affected by adverse effects of cancer treatment.2

Patients with testicular cancer or early invasive breast cancer are of particular
interest when studying cancer survivorship for three reasons. Firstly, both tumour
types affect patients at relatively young age. Secondly, most patients can be cured, al-
beit with treatments that may have significant short-term and long-term side effects.
Thirdly, many patients are expected to have a long residual life span after curation
– and consequently time to develop and be affected by long-term adverse treatment
effects. As breast cancer is by far more prevalent in women and testicular cancer af-
fects exclusively men, both patient populations can be considered as complementary
study models of cancer survivorship.

1.1.1 Long-term outcome and treatment-related toxicity in early breast
cancer

In the Netherlands, every year women are diagnosed with invasive breast can-
cer.3 For stage I, II, and III invasive breast cancer, the proportion of women alive
ten years after diagnosis is approximately , , and , respectively.3 World-
wide, the estimated 5-year prevalence of early invasive breast cancer is over milion
cases.4 Treatment of breast cancer is most often multimodal, combining surgery, ra-
diation therapy, and systemic therapy after consideration of both patient (e.g. age,
preferences, and comorbidity) and disease factors (e.g. tumour burden and biology).
Often, radiation therapy is indicated, either as whole breast radiotherapy (with or
without boost irradiation) after breast-conserving surgery, post-mastectomy radi-
ation therapy, or comprehensive locoregional radiation therapy encompassing the
regional lymph nodes. Adjuvant or neo-adjuvant systemic treatment can consist of a
combination of chemotherapy, HER2-directed therapy, and endocrine therapy. An-
thracyclines and taxanes, with the possible addition of platinum in HER2-positive
and triple-negative disease, are standard for the majority of patients that are treated
with chemotherapy. Endocrine therapy is used in oestrogen receptor-positive breast
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cancer. For patients with HER2-positive early breast cancer, HER2-directed therapy
is added to the (neo-)adjuvant regimen.

Radiation therapy, anthracyclines, and trastuzumab can cause cardiac toxicity.
The anthracycline-based chemotherapy regimens are associated with cardiomy-
opathy, left ventricular dysfunction, and heart failure in a minority of patients.5–8
An empirical cumulative dose limit around to mgm of the anthracycline
doxorubicin is used to minimize the risk of cardiomyopathy, yet treatment-related
cardiotoxicity can occur at much lower dosages.5,7 In addition, radiotherapy is associ-
atedwith the occurrence of ischaemic heart disease and the risk depends on radiation
dose.9 Darby reported a linear relationship between the mean heart radiation
dose used in breast cancer treatment and the risk of a major coronary event in a large
case–control study: the relative risk increased with per gray without a clear
’safe’ dose threshold.10 Trastuzumab has well-known, partially reversible cardiotox-
icity, ranging from asymptomatic reduced left ventricular ejection fraction to severe
heart failure and cardiac events.11,12

Current clinical guidelines acknowledge that patients after anthracycline-based
chemotherapy and radiotherapy may be at increased cardiovascular risk. Clinical
guidelines have incorporated the start/stop rules from trastuzumab trials to aidmon-
itoring for cardiotoxicity during trastuzumab treatment.4,13 However, no mature and
well-defined, evidence-based strategies are available for screening and intervention
for cardiovascular risk in breast cancer patients who are treated with radiation ther-
apy and/or anthracycline-based chemotherapy and for patients in long-term follow-
up.14 The European Society for Medical Oncology has recently provided consensus
recommendations for the management of cardiac disease in cancer patients through-
out oncological treatment.15 However, in case of asymptomatic patients, the sugges-
ted periodic cardiac screenings (including monitoring of LVEF and cardiac biomark-
ers) during treatment at follow-up are generally based on relatively low levels of
evidence with low grades of recommendation.

Clearly, there is an unmet need to knowwhich breast cancer patients are especially
at increased cardiovascular risk after breast cancer treatment, and at what timepoint
in treatment and follow-up cardiovascular screening should be considered. This en-
compasses not only cardiac toxicity per se, but the full cardiovascular risk profile
including vascular health. High-risk groups need to be identified first to enable tar-
geted development, testing and adoption of prevention and intervention strategies
for cardiovascular toxicity. In addition,more detailed knowledge about the long-term
adverse effects of breast cancer treatment will help the clinician and the patient when
navigating breast cancer treatment options.

In women with high-risk locoregional breast cancer, sufficient treatment benefit
might justify treatments that may be more toxic. High-dose chemotherapy has been
evaluated in the past in trials in high-risk breast cancer, despite the possibility of
more toxicity compared to conventional-dose chemotherapy. At this time, high-dose
chemotherapy with autologous rescue stem cell transplantation is not standard of
care. However, the high-dose chemotherapy trials performed at the end of the last



1

General introduction

century provide an unprecedented opportunity to study long-term treatment benefit
and treatment-related toxicity in high-risk breast cancer patients.

1.1.2 Long-term outcome and treatment-related toxicity in testicular
cancer

Testicular cancer is the most common malignancy in men between twenty and forty
years of age, with above new cases each year in the Netherlands in recent years.3
Therapy consists of orchidectomy and, in case of disseminated disease, platinum-
based chemotherapy. Over of patients with disseminated tesicular cancer can
be cured with platinum-based chemotherapy.16 High cure rates come at the trade-
off of increased risk of second cancers and cardiovascular disease, mainly attributed
to chemotherapy.17,18 Testicular cancer treatment is associated with excess cardiovas-
cular morbidity and mortality.19

One of the factors that may contribute to cardiovascular risk in testicular can-
cer patients is primary hypogonadism after treatment. Hypogonadism is fully ex-
pected after bilateral orchidectomy. However, most patients are treated with unilat-
eral orchidectomy, and hypogonadism after treatment may be due to a toxic effect of
chemotherapy and/or a putative pre-existing testicular dysgenesis of the remaining
’healthy’ testis. An estimated to of long-term testicular cancer survivors have
low testosterone or use testosterone replacement therapy.20–22 Patients treated with
platinum-based chemotherapy have both elevated luteinising hormone and reduced
testosterone,23,24 and total testosterone is negatively associated with prevalence of
the metabolic syndrome,23,25,26 which is an established proxy for cardiovascular risk.

The risk of cardiovascular disease after treatment of testicular cancer varies sub-
stantially per patient. Therefore it would be interesting to explore the effects of ge-
netic variation. Genetic variationmay in part determine the susceptibility of a patient
to the toxic effects of cancer treatment and provide clues to the underlying patho-
physiology.

Given the high cure rates, assessment and reduction of treatment-related toxicity
and long-termhealth consequences are among the foremost issues in testicular cancer
care. In a broader sense, the lessons learned in the testicular cancer model may have
implications for cancer survivorship care in general.

1.2 Aim of the thesis

The overall aim of this thesis is assess determinants and predictors of long-term out-
come and long-term cardiovascular toxicity in patients with breast cancer and testic-
ular cancer.

The following research goals were conceived:

• to determine treatment-related and patient-related factors that are associated
with cardiac function and cardiac damage in curatively treated early breast can-
cer patients, with a focus on the effect of anthracycline treatment;
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• to determine treatment-related and patient-related factors that are associated

with vascular health and vascular ageing in curatively treated early breast can-
cer patients;

• to determine long-term efficacy and toxicity of high-dose adjuvant chemother-
apy in stage III breast cancer patients;

• to explore early and long-term hypogonadism in curatively treated testicular
cancer patients;

• to explore genetic susceptibility to cardiovascular disease in curatively treated
patients with disseminated testicular cancer.

1.3 Outline of the thesis

Chemotherapy and other drugs in cancer treatment have been associated with ad-
verse cardiac effects. Chapter 2 is a review of the pathophysiology and treatment
of drug-induced cardiac dysfunction in cancer treatment. In addition, new develop-
ments and studied interventions in the field of cardio-oncology are summarized.

In chapter 3, we report on (sub)clinical cardiotoxicity in breast cancer survivors.
We conducted a cross-sectional cohort study of breast cancer survivors in the
University Medical Center Groningen and the Netherlands Cancer Institute - Antoni
van Leeuwenhoek. We included women with early invasive breast cancer or ductal
carcinoma at to years of age, who were to or to years after
initial treatment, which included anthracycline-chemotherapy in over half of patients.
Cardiac assessment at study visit included echocardiographic left ventricular ejection
fraction, global longitudinal strain of the left ventricle, and NT-proBNP.

In addition,we studied vascular health in the same cross-sectional cohort of breast
cancer survivors. Chapter 4 reports an analysis of blood biomarkers of cardiovascu-
lar health, advanced glycation end-products, and vascular structure and function by
ultrasound examination of intima-media thickness and pulse-wave velocity.

In chapter 5, we provide a long-term update of a clinical trial on adjuvant high-
dose chemotherapy in early breast cancer. Earlier studies on adjuvant high-dose
chemotherapy failed to show benefit in unselected stage III breast cancer patients,
but long-term follow-up is lacking. We investigated the 20-year efficacy and safety
outcomes of the largest randomised phase 3 study on high-dose chemotherapy in
stage III breast cancer that had spread to axillary lymph nodes. Between 1993 and
1999, a total of patients were randomised to high-dose chemotherapy (including
an autologous peripheral haemapoietic stem cell transplantation) or to conventional-
dose chemotherapy. We collected follow-up data from medical records, general prac-
titioners, the Netherlands Cancer Registry, the nationwide network and registry of
histopathology and cytopathology in the Netherlands (PALGA) and Statistics Neth-
erlands. Main endpoints were overall survival and safety (in particular second ma-
lignancies and cardiovascular events).

The next two chapters in this thesis concern testicular cancer patients. After cur-
ative treatment, hypogonadism is described in – of testicular cancer survivors.
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In chapter 6, we investigated insulin-like factor 3 (INSL3), a novel marker of Leydig
cell function, in relation to luteinising hormone, testosterone, and β-hCG in testicular
cancer patients.

Testicular cancer patients are at increased risk for cardiovascular events. Part of
this cardiovascular susceptibilitymay be influenced by the patient’s genetic make-up.
In chapter 7, we report an explorative genome-wide association study on the occur-
rence of cardiovascular disease in testicular cancer patients treated with platinum-
based chemotherapy.

After a summary in chapter 8, the final chapter, chapter 9, puts the findings of
prior chapters into context. Implications for current clinical practice are addressed
and future research questions are explored.
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