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Chapter 8

Summary

This thesis focussed on the determinants and predictors of long-term outcome and
long-term (cardiovascular) toxicity in early breast cancer and testicular cancer pa-
tients. After a review of the current state of the field of cardio-oncology, the first
part of the thesis described research in women with early breast cancer treated with
anthracycline-based chemotherapy and the second part described research in men
with testicular cancer treated with platinum-based chemotherapy. After successful
completion of therapy, many of these patients have a long residual lifespan without
cancer recurrence, providing the incentive to focus on these specific patient popula-
tions.

In Chapter 2 we reviewed the pathophysiology and treatment of drug-induced
cardiac dysfunction in cancer treatment. Cardiovascular toxicity may present itself
as cardiac dysfuction, structural abnormalities of the heart (e.g. valvular disease or
dysrhythmias), or as vascular or thrombotic disease. The risk of cardiovascular tox-
icity of cancer treatment is influenced by therapy-related as well as patient-related
factors, such as age, sex, comorbidity and genetic susceptibility. Focussing on the
pathophysiology of cardiac damage, we also provided an overview of single nucle-
otide polymorphisms (SNPs) related to anthracycline and trastuzumab cardiotox-
icity. Although various methods have been proposed to detect early/acute or late
cardiotoxicity, there is an ongoing need for better evidenced-based strategies to find
and target patients at risk. When looking at cardioprotective therapies from onset
of potentially cardiotoxic cancer treatment or started at early signs of cardiotoxicity,
there is no straightforward evidence of long-term benefit. The timing, type of drug
or intervention, and the target population need further research. Adequate risk as-
sessment before cancer drug administration to identify patients highly susceptible to
develop cardiotoxicity and early detection of cardiovascular damage during or after
treatment seem key to reduce early and late cardiovascular adverse effects.

The long-term prevalence of myocardial dysfunction after anthracycline-based
chemotherapy in breast cancer survivors is not clearly known. Chapter 3 provided
the results of a cross-sectional cohort study in breast cancer patients conducted
in the University Medical Center Groningen and the Netherlands Cancer Institute -
Antoni van Leeuwenhoek. Women were invited for inclusion when they had early
invasive breast cancer or ductal carcinoma at to years of age, and were
now to ( ) or to years ( ) after breast cancer treatment. In over
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half of patients, treatment included anthracycline-based chemotherapy. Cardiac as-
sessment at study visit included echocardiographic left ventricular ejection fraction,
global longitudinal strain of the left ventricle, and N-terminal pro-brain natriuretic
peptide (NT-proBNP)measured in serum. Anthracycline-treated patients ( ),
compared to the non-anthracycline group ( ), more often had decreased LVEF
( versus ), impaired GLS ( versus ) and elevated NT-proBNP (
versus ). Moreover, GLS and LVEF declined in a linear fashion with increasing
cumulative anthracycline dose. The risk of NT-proBNP ngL was higher for
patients with higher anthracycline doses. We concluded that impaired GLS and in-
creased NT-proBNP levels are present in a substantial proportion of breast cancer
survivors treated with anthracyclines.

In addition,we studied vascular health in the same cross-sectional cohort of breast
cancer survivors.Chapter 4 reported on an analysis of blood biomarkers of cardiovas-
cular health, advanced glycation end-products (AGEs), and vascular ultrasound ex-
amination of intima-media thickness (IMT) and local pulse-wave velocity (PWV).
These non-invasive measurements of vascular health may help discern patients at
risk for cardiovascular disease. The prevalence of abnormal IMT, PWV, AGEs (meas-
ured by skin autofluorescence), aswell as traditional cardiovascular risk factors, were
determined. Contrary to the analysis in chapter 3, the main comparison was between
the two follow-up duration groups ( to versus to years) and not between
treatment groups, since the link between anthracycline (dose) and vascular health
was less apparent than in the study on anthracycline-related cardiotoxicity. Note that
the patients with to years of follow-up were younger (median years of age)
than patients with to years of follow-up ( years of age). This is inherent to
study design, since one of the inclusion criteria was that patients had been treated
between 40 and 50 years of age. Visceral obesity ( versus , ), hyper-
tension ( versus , ), and the metabolic syndrome ( versus ;

) were highly prevalent in both the - to - and - to -year follow-up
groups, respectively. Half of patients had a body-mass index above kgm . AGEs
were similar between - to - and - to -year follow-up groups. Measured by ul-
trasound at the common carotid artery, IMT mm or a plaque were found in
versus of patients with to and to years of follow-up, respectively. In a sub-
group with PWV measurements at the common carotid artery, PWV ms was
measured in ( ) versus ( ) of patients with to and to years
of follow-up, respectively. Thus, abnormal IMT, local PWV, or AGEs were uncom-
mon at long-term follow-up, yet obesity, hypertension, and the metabolic syndrome
were highly prevalent. The metabolic syndrome coincided with higher AGEs, IMT,
and local PWV. We inferred that (components of) the metabolic syndrome should
be studied as targets for screening and intervention in breast cancer survivors.

Earlier studies on adjuvant high-dose chemotherapy (HDCT) failed to showbene-
fit in unselected stage III breast cancer patients, but long-term follow-up was lacking.
In chapter 5, we investigated the 20-year efficacy and safety outcomes of the largest
randomised phase 3 study on HDCT in stage III breast cancer that had spread to

axillary lymph nodes. This study was conducted in ten hospitals in The Neth-
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erlands. To provide this update, we collected follow-up data from medical records,
general practitioners, Netherlands Cancer Registry, the nationwide network and re-
gistry of histopathology and cytopathology in the Netherlands (PALGA) and Stat-
istics Netherlands. Between 1993 and 1999, a total of patients were randomised

to HDCT ( ) or to conventional-dose chemotherapy (CDTC, ).
CDCT consisted of five cycles 5-fluorouracil, mgm , epirubicin, mgm ,
and cyclophosphamide, mgm . In the HDCT group, the first four cycles were
identical, but the fifth cycle was replaced by cyclophosphamide, mgm , thi-
otepa, mgm , and carboplatin, mgm , followed by autologous haema-
topoietic stem cell transplantation. With years median follow-up (interquartile
range [IQR] – ), the -year overall survival was withHDCT and
with CDCT (hazard ratio [HR] ; confidence interval [CI] – ). The
absolute improvement in -year overall survival was (HR 0.72; CI –

) for patients with or more involved axillary lymph nodes and (HR
; CI – ) for patients with triple-negative breast cancer. The cumulat-

ive incidence risk of a second malignant neoplasm at years or major cardiovascu-
lar events was similar in both treatment groups ( -year cumulative incidence risk
for second malignant neoplasm was in the HDCT group versus in the
CDCT group; ), although patients in the HDCT group more often had hy-
pertension ( versus ; ), hypercholesterolaemia ( versus

; ), and dysrhythmias ( versus ; ). In conclusion,
HDCT provided no long-term survival benefit in unselected patients with stage III
breast cancer but did provide improved overall survival in the subgroup of patients
with involved axillary lymph nodes. Although not statistically significant, the
subgroup with triple-negative breast cancer may have a survival benefit from HDCT.
With regard to safety, HDCT did not affect long-term risk of a second malignant neo-
plasm or major cardiovascular events.

The next two chapters in this thesis concerned testicular cancer patients. The ma-
jority of these patients can be cured, even in case of disseminated testicular cancer.
After curative treatment, patients are expected to have a long residual lifespan, es-
pecially since most patients are relatively young at diagnosis. As such, long-term
adverse effects of treatment are of importance in these patients. Two factors were
addressed in this thesis: hypogonadism, and genetic susceptibility to cardiovascular
events.

After curative treatment, primary hypogonadism is described in up to of
testicular cancer survivors after orchidectomy with or without chemotherapy. 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. Two cohorts were analysed: first, a cross-sectional cohort of testicu-
lar cancer patients after orchidectomy with or without chemotherapy (1988–1999) at
long-term follow-up (median and years of age at follow-up, respectively) and
healthy men of similar age; second, a longitudinal cohort of chemotherapy-treated
testicular cancer patients (2000–2008), analysed before and one year after chemother-
apy (median years of age at chemotherapy). In the cross-sectional cohort, the
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testicular cancer patients at median seven years after orchidectomy and chemother-
apy had higher luteinising hormone, lower testosterone, but similar INSL3 as the
controls. After orchidectomy only ( ), higher luteinising hormone, but no dif-
ferences in testosterone or INSL3 were observed compared to controls. In the longit-
udinal cohort, patients with normal pre-chemotherapy β-hCG ( IUL , )
had increased luteinising hormone one year after chemotherapy compared to pre-
chemotherapy, and no change in testosterone or INSL3. In contrast, patients with
high β-hCG pre-chemotherapy ( IUL , ) had suppressed luteinising hor-
mone, markedly elevated testosterone, and low INSL3 at start of chemotherapy, with
increased luteinising hormone, decreased testosterone, and increased INSL3 one year
later. We concluded that pre-chemotherapy, β-hCG-producing tumours affect the
gonadal endocrine axis, demonstrated by increased testosterone and decreased LH.
However, the marker under investigation, INSL3, did not uniformly follow the pat-
tern of testosterone.

Chemotherapy-treated testicular cancer patients have an increased risk of cardi-
ovascular disease compared to the general population. In part, genetic variation may
mediate a patient’s risk for cardiovascular disease after chemotherapy. In chapter 7,
we reported an explorative genome-wide association study (GWAS) on the oc-
curence of cardiovascular disease in testicular cancer patients. These patients
were treated with platinum-based chemotherapy between 1977 and 2011, were age

years at diagnosis, and had years relapse-free follow-up. Median follow-up
was years (range – ). In this time period, cardiovascular events had occurred
in ( ) of the genotyped patients. First, the association between SNPs and the
occurrence of cardiovascular disease during treatment or follow-up was analysed.
Based on SNPs associated at , independent genomic loci were
found associatedwith cardiovascular disease. Next, we used Data-driven Expression
Prioritized Integration for Complex Trait (DEPICT) for a higher level of abstraction,
searching for enriched gene sets and clustering these gene sets into groups, which
we called ’biological themes’. DEPICT analysis resulted in ten of these biological
themes, with the RAC2/RAC3 network as the most prominent theme. From literat-
ure we connected this RAC2/RAC3 network to endothelial activation. In search of a
biological read-out, in a longitudinal cohort of testicular cancer patients treated
with cisplatin-based chemotherapy, we found increased circulating endothelial cells
during chemotherapy. In conclusion, this explorative GWAS found ten biological
themes that may point to genetic pathways involved in cardiovascular disease in
chemotherapy-treated testicular cancer patients.
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