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The general aim of this thesis was to assess the long-term risks of cardiovascular 

disease, both asymptomatic and symptomatic and associated risk-factors in 5-year 

survivors of childhood cancer. Based on the existing knowledge we identified gaps in 

knowledge about cardiotoxicity after treatment for childhood cancer.  We formulated 

research questions focusing on these gaps. First we wanted to summarize the existing 

evidence and the quality of the available evidence. After summarizing and appraising 

the existing evidence, we formulated another four research questions focusing on 

the remaining gaps in knowledge, to be investigated in our cohort of 5-year survivors 

of childhood cancer. The answers to these research questions were presented in the 

previous chapters.

Part I Current knowledge about cardiovascular disease 
after treatment for childhood cancer
In Part I we described the current knowledge about cardiovascular disease after 

treatment for childhood cancer. We performed three systematic reviews and one 

Cochrane systematic review in order to answer a number of clinical relevant questions;

In chapter 2 we report on a systematic review evaluating the existing evidence with 

regard to the frequency and risk factors of subclinical cardiotoxicity in apparently 

healthy survivors of childhood cancer after anthracycline therapy. The following research 

question was investigated: 

1. What is the existing evidence on the risk and associated risk factors for developing 

asymptomatic left ventricular dysfunction after treatment with anthracyclines in 

survivors of childhood cancer?

We included 25 cohort studies that reported on the frequency of measurements of 

subclinical cardiotoxicity; the reported frequency varied widely between 0% and 57%. 

More than half of the studies had methodological limitations. Subclinical cardiotoxicity 

was defined in many different ways, e.g., as an abnormal systolic function measured by 

echocardiography or radionuclide angiocardiography, or an increased afterload measured 

by echocardiography, resulting in different outcome measurements as left ventricular 

fractional shortening (SF), ejection fraction (EF) or end-systolic wall stress (ESWS). Most 

studies (n=15) defined the outcome as an abnormal SF, compared with normal values from 

the literature or own control groups. The lower limit of normal of the SF varied between 

28% and 30%. The reported frequency of an abnormal SF varied between 0% and 39.2%. 

Data on risk factors that should be included in multivariable analyses were present in only 

10 of the studies. A higher cumulative dose, longer follow-up time, mediastinal radiation, 

female sex, higher dose in 3 weeks, diagnosis, lower age (two studies) and older age (one 
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study) at diagnosis were reported as independent risk factors for a decreased systolic 

function and for an increased afterload. We concluded that the reported frequency of 

subclinical cardiotoxicity after anthracycline therapy in children varied between 0% and 

57%. Differences in outcome definition and study groups with respect to the cumulative 

dose of anthracyclines could explain a part of this wide range. As most studies showed 

serious methodological limitations, more cohort studies and randomized trials are needed 

to investigate the factors that increase the risk of subclinical or clinical cardiotoxicity after 

anthracycline therapy in children. These studies should focus on the cardiotoxic effects of 

different types of anthracyclines, cumulative dose, dose intensity and the cardiotoxic effects 

of co-treatment compared with the benefit of anthracyclines on survival. These studies 

should be performed in well-defined and representative patients groups from the start of 

treatment, or in survivors with a complete and sufficient length of follow-up, and include 

precise and accurate outcome measures. Patients with subclinical cardiotoxicity should 

be monitored for a long period of time to obtain insight into the clinical consequences, 

and natural course of the disease, although patients with subclinical anthracycline-induced 

cardiotoxicity might receive treatment with e.g. ACE-inhibitors, which can alter the course 

of the disease.

In chapter 3 we assessed the cumulative incidence and risk factors of mitoxantrone-

induced cardiotoxicity, both asymptomatic and symptomatic, after treatment for cancer in 

a systematic review. We addressed the following research question:

2. What is the existing evidence on the risk and associated risk factors for developing 

(a)symptomatic left ventricular dysfunction and other (a)symptomatic cardiovascular 

diseases like arrhythmia’s, ischemia and valvular disease after treatment with 

mitoxantrone in survivors of childhood cancer?

In our systematic review, we included 17 cohort studies describing symptomatic or 

asymptomatic cardiotoxicity in children treated with mitoxantrone. Our review showed 

that childhood cancer patients treated with mitoxantrone were at risk for developing 

cardiotoxicity, defined as left ventricular dysfunction. The reported cumulative incidence 

varied between 0 and 6.7% for symptomatic mitoxantrone-induced heart failure, and 

between 0 and 80% for asymptomatic mitoxantrone-induced cardiac dysfunction. 

Unfortunately, all included studies had methodological limitations, and none of the studies 

evaluated the cardiotoxic effects of mitoxantrone and anthracyclines in a randomized 

controlled trial. 

The conclusion of this systematic review was that mitoxantrone can indeed cause 

symptomatic and asymptomatic cardiac dysfunction. No comparison between 

anthracyclines and mitoxantrone could be made, and all studies had methodological 

limitations. The precise cumulative incidence and risk factors for developing mitoxantrone-

induced cardiotoxicity remain unclear, as well as whether mitoxantrone is less cardiotoxic 
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than anthracyclines. Furthermore, no information was available on other symptomatic 

and asymptomatic cardiovascular diseases apart from symptomatic and asymptomatic left 

ventricular dysfunction. Well-designed cohort studies are needed to reliably evaluate the 

cumulative incidence of mitoxantrone-induced cardiotoxicity and its associated risk factors. 

To compare the cardiotoxic effects of mitoxantrone and anthracyclines, randomized 

controlled trials with a long-term follow-up are needed.

In chapter 4 we performed a systematic review of articles reporting on radiation-induced 

cardiovascular disease after childhood cancer to evaluate the existing evidence regarding 

the long-term risk of cardiovascular disease after radiotherapy for childhood cancer. We 

addressed the following research question:

3. What is the existing evidence on the risk and associated risk factors for developing 

(a)symptomatic left ventricular dysfunction and other symptomatic cardiovascular 

diseases like arrhythmia’s, ischemia and valvular disease after radiotherapy involving 

the heart region in survivors of childhood cancer?

We included fourteen articles in our systematic review; ten studies evaluated clinical 

cardiovascular events and 11 cardiovascular mortality after cardiac irradiation for 

childhood cancer. There were nine studies reporting various incidences for different 

cardiovascular diseases, ranging from 0.3% to 22.8%. Four studies, all in survivors of 

Hodgkin’s lymphoma, showed a significantly increased standardized mortality ratio; a 22- 

to 68-fold increase compared to the general population. No study compared the incidence 

of cardiovascular events with the general population. Three studies examined the risk 

of cardiovascular disease (both cardiovascular mortality and cardiovascular events) after 

radiotherapy compared to an unexposed control group, and two showed a significantly 

increased relative risk. We were not able to pool the data on cardiovascular events, as all 

studies used different definitions and different outcome measurements. Many studies had 

important methodological limitations, related to completeness of follow-up, adjustment 

for other risk factors and outcome assessment in cardiovascular events studies. Therefore, 

although the conclusion is that the risks of cardiovascular events and cardiovascular 

mortality are increased after radiotherapy involving the heart region for childhood cancer, 

uncertainty remains on the precise cumulative incidence of the combined and separate 

symptomatic cardiovascular diseases, on the prevalence of asymptomatic disease and 

the role of other risk factors for developing radiation-induced cardiovascular disease and 

mortality. New follow-up studies are needed to accurately estimate the long-term risk of 

cardiovascular events and cardiovascular mortality after radiotherapy for childhood cancer, 

and to reliably investigate the factors that might increase the risk of radiation-induced 

clinical cardiovascular disease. Ideally, future studies should focus on all children treated 

with radiotherapy involving the heart region. Separate analysis of clinical cardiovascular 

events and cardiovascular mortality should be made, preferably in a cohort followed from 
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the start of treatment, or a fixed point after the start of treatment. Follow-up should 

be long enough and complete (preferable>90%), with precise and accurate outcome 

definitions and uniform methods of detection. Incidence of clinical cardiovascular events 

and cardiovascular mortality should be compared with the general population rates by 

calculating standardized mortality ratios and standardized incidence ratios, and also with 

an unexposed internal control group. Furthermore, the evolution of risk over follow-up time 

deserves careful analysis. Finally, in the risk estimation appropriate multivariate analysis 

should be carried out, taking into account the separate and joint effects of radiotherapy 

and potential cardiotoxic chemotherapy and other important prognostic cardiovascular 

disease risk factors.

In chapter 5, we describe the results of a Cochrane systematic review on one of the 

possible strategies of preventing anthracycline-induced cardiotoxicity, the use of different 

dosage schedules, to answer the following research question:

4. What is the existing evidence on primary prevention with different dose schedules 

of anthracyclines as a feasible and effective approach to diminish risk of developing 

(late) cardiotoxicity after treatment with anthracyclines for (childhood) cancer?

We identified seven randomized controlled trials (RCTs) addressing different anthracycline 

infusion durations. The meta-analysis showed a statistically significant

lower rate of clinical heart failure with an infusion duration of 6 hours or longer as 

compared to a shorter infusion duration (relative risk (RR) = 0.27; 95% confidence 

interval (CI) 0.09 to 0.81; 5 studies; 557 patients). It should be emphasized that the 

majority of patients included in these studies were adults with different solid tumours. 

Subgroup analyses for children versus adults and leukaemia versus solid tumours 

were not possible. Children with leukaemia could not be included in the performed 

meta-analyses. Although, clinical heart failure was evaluated in two studies with children 

diagnosed with leukaemia, in which no differences were identified (however, one study 

had a very short follow-up of only seven days). Subclinical heart failure was evaluated in 

three studies with children diagnosed with leukaemia, of which two studies evaluated 

the significance of the difference between both treatment groups. Again, no differences 

were identified. The third study suggests a decrease in LVSF in children treated with 

bolus infusion. Response rate was evaluated in one study with children diagnosed with 

leukaemia. This study identified no difference in response after seven days.

For different anthracycline peak doses we identified two RCTs addressing a doxorubicin 

peak dose of less than 60 mg/m2 versus 60 mg/m2 or more, one RCT addressing a 

liposomal doxorubicin peak dose of 25 mg/m2 versus 50 mg/m2 and one RCT 

addressing an epirubicin peak dose of 83 mg/m2 versus 110 mg/m2. In none of the 

studies a significant difference in the occurrence of clinical heart failure was identified. 

All patients included in these studies were adults with different solid tumours. 
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We concluded that an anthracycline infusion duration of six hours or longer reduces the 

risk of clinical heart failure and it seems to reduce the risk of subclinical cardiac damage. 

Since there is only a small amount of data for children and data obtained in adults 

cannot be extrapolated to children, different anthracycline infusion durations should 

be evaluated further in children. No significant difference in the occurrence of clinical 

heart failure was identified between patients treated with a doxorubicin peak dose of 

less than 60 mg/m2 and 60 mg/m2 or more. For the other identified peak doses only 

one RCT was available, so no definitive conclusions can be made about the occurrence 

of cardiotoxicity. More high quality research is needed, both in children and adults and 

in leukaemias and solid tumours. 

Part II Cohort studies
In Part II we describe the results and conclusions of four different studies we performed 

in our EKZ/AMC cohort of 5-year survivors of childhood cancer, in order to provide 

more accurate and high quality answers to our research questions.

In chapter 6 we describe the results of a cohort study we performed in all adult 5-year 

survivors of childhood cancer who were treated with potentially cardiotoxic therapies 

and who visited our late effects outpatient clinic. We investigated the following research 

question:

5. What are the risk and associated risk factors for developing asymptomatic left 

ventricular dysfunction after treatment with anthracyclines, radiotherapy involving 

the heart region an/or other chemotherapy like cyclophosphamide, ifosfamide, 

vincristine in survivors of childhood cancer?

We assessed left ventricular function by an echocardiography in patients who had received 

anthracyclines, radiotherapy involving the heart region, high-dose cyclophosphamide, 

or high-dose ifosfamide. For all patients detailed treatment data were available and we 

performed both multivariable linear and logistic regression analyses to evaluate the effect of 

different risk factors. Of 601 eligible childhood cancer survivors, 525 (87%) were assessed 

by echocardiography, of which 514 were evaluable for assessment of the left ventricular 

shortening fraction (LVSF). The median overall LVSF in the whole group of childhood cancer 

survivors was 33.1% (range, 13.0%-56.0%). Subclinical cardiac dysfunction (LVSF<30%) 

was identified in 139 patients (27%). In a multivariable linear regression model, LVSF 

was reduced with younger age at diagnosis, higher cumulative anthracycline dose, and 

radiation to the thorax. High-dose cyclophosphamide and ifosfamide and female sex 

were not associated with a reduction of LVSF. Vincristine sulfate was associated with a 

non-significant decrease of cardiac function (P=.07). There was a suggestion that both 
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abdominal radiotherapy and vincristine might play a role in developing cardiac dysfunction. 

Epirubicin hydrochloride was as cardiotoxic as doxorubicin when corrected for tumour 

efficacy and daunorubicin hydrochloride seemed less cardiotoxic.

We concluded that a high percentage (27%) of young adult childhood cancer survivors 

have an asymptomatic abnormal cardiac function, defined as an LVSF<30%, at their first 

visit to the outpatient clinic for late effects of childhood cancer. The strongest predictors of 

subclinical cardiac dysfunction were anthracycline dose, radiotherapy involving the heart 

region, and younger age at diagnosis.

We were only able to focus on the LVSF without looking at other echocardiographic 

measurements as afterload, wall thickness, and diastolic dysfunction. The added value of 

those more sophisticated measurements of cardiac dysfunction should be evaluated in new 

research protocols. However, for LVSF the predictive value for clinically relevant outcomes 

has been established in adults and children.1-3 The influence of follow-up time could not 

be evaluated as we used the results of the first echocardiographic measurement at the 

outpatient clinic to avoid selection bias. As a result, patients entered the study cohort at 

different time points since diagnosis. In the multivariable analyses, we adjusted for time 

since diagnosis. Furthermore, no longitudinal measurements were available, so we were 

not able to investigate the correlation of an abnormal LVSF with the development of clinical 

cardiovascular disease later on. The ability of our study to evaluate more subtle cardiotoxic 

effects of high-dose cyclophosphamide, high-dose ifosfamide, or vincristine compared 

with the much stronger cardiotoxic effect of anthracyclines and cardiac irradiation, may 

have been limited owing to the absence of a comparison group not exposed to any 

potentially cardiotoxic treatment. Continued and sequential monitoring of all childhood 

cancer survivors treated with potentially cardiotoxic therapy with or without subclinical 

cardiac dysfunction is necessary to identify childhood cancer survivors who could possibly 

benefit from early treatment, which could avoid further deterioration of cardiac function. 

Our findings have to be confirmed in a cohort of childhood cancer survivors including 

those who did not receive cardiotoxic treatment. 

In chapter 7 we determined the risk of valvular disease and the associated risk factors after 

radiotherapy to the heart region and/or anthracyclines, in our cohort of 5-year childhood 

cancer survivors, to answer the following research question:

6. What are the risk and associated risk factors for developing valvular disease after 

radiotherapy involving the heart region in survivors of childhood cancer?

The study cohort consisted of all 5-year childhood cancer survivors who were diagnosed 

between 1996 and 1996 treated with radiotherapy involving the heart region and/

or anthracyclines. We performed echocardiograms in all patients who had received 

anthracyclines and/or radiotherapy involving the heart region. Of all childhood cancer 

survivors detailed treatment data were registered. We assessed different risk factors 
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in multivariate logistic regression analyses. We found 225 echocardiographic valvular 

abnormalities in 169 of 545 survivors (31%) after a median follow-up time of 14.9 years 

(range 5.1-36.8) and at a median attained age of 22.0 years (range 7.0-49.7). Most 

common valvular abnormalities were tricuspid valve disorders (N=119; 21.8%) and mitral 

valve disorders (N=73; 13.4%). In the multivariable logistic regression models, development 

of a valvular abnormality was associated with higher irradiation dose, congenital heart 

disease and specific field of radiotherapy, namely thoracic irradiation and total body 

irradiation. We concluded that more than 31% of 5-year childhood cancer survivors 

treated with radiotherapy involving the heart region and/or anthracyclines had one or 

more relevant echocardiographic valvular abnormality. The most important risk factors for 

developing a valvular abnormality were higher irradiation dose, thoracic irradiation or total 

body irradiation, and congenital heart disease. We found no evidence that anthracyclines 

or other chemotherapeutic agents increased the risk of developing valvular abnormalities.

We used the results of the first echocardiographic measurement, in order to avoid selection 

bias. As a result, patients entered the study cohort at different time points since diagnosis, 

for which we adjusted in the multivariable analyses. By doing so, it was not possible to 

examine the course of a valvular disorder over time. Due to small numbers of events, we 

were not able to perform multivariable logistic regression analyses for aortic valve and 

pulmonary valve disorders. In addition, we could not compare the prevalence of valvular 

disorders to that of the general population, as those figures were not available.

Future studies should focus on the longitudinal evaluation of valvular abnormalities in 

childhood cancer survivors treated with cardiac irradiation and compared to childhood 

cancer survivors unexposed to radiotherapy involving the heart region and/or treatment 

with anthracyclines.

In chapter 8 we evaluated the long-term risk for validated symptomatic cardiac events 

and associated risk factors in our complete cohort of 5-year childhood cancer survivors, in 

order to answer the following research question: 

7. What are the risk and associated risk factors of developing symptomatic cardiac 

events defined as congestive heart failure, arrhythmias, ischemia and valvular 

disease after treatment in survivors of childhood cancer?

We determined cardiovascular events grade 3 or higher: congestive heart failure (CHF), 

cardiac ischemia, valvular disease, arrhythmia and/or pericarditis (according to the 

Common Terminology Criteria Adverse Events) in our complete cohort of 5-year survivors 

of childhood cancer (N=1362). We calculated both marginal and cause-specific cumulative 

incidence of cardiovascular events and cause-specific cumulative incidence of separate 

events. We analyzed different risk factors in multivariable Cox regression models. Overall, 

we observed 50 cardiovascular events, including 27 cases of CHF, in 42 survivors at a 

median attained age of 27.1 years (range 10.6-46.0 years) after a median follow-up of 
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18.6 years (range 5.0-35.7 years). The 30-year cause-specific cumulative incidence of 

cardiovascular events was significantly increased after treatment with both anthracyclines 

and radiotherapy involving the heart region (12.6%;95%CI:4.3-20.3), after anthracyclines 

(7.3%;95%CI:3.8-10.7), and after radiotherapy involving the heart region (4.0%;95%CI:0.5-

7.4), as compared to other treatments. In the proportional hazards analyses; anthracycline 

(dose), radiotherapy involving the heart region (dose), combination of these treatments, 

and congenital heart disease were significantly associated with developing a cardiovascular 

event. We demonstrated an exponential relationship between the cumulative anthracycline 

dose, cardiac irradiation dose and risk of developing a cardiovascular event. In conclusion, 

childhood cancer survivors have a high risk of developing symptomatic a cardiovascular 

event at an early age. The most common cardiovascular event was CHF. Survivors treated 

with both anthracyclines and radiotherapy have the highest risk; after 30 years, 1 in 8 will 

develop severe heart disease.

Apart from CHF, it was difficult to perform separate multivariable Cox analyses for other 

cardiovascular events, due to the small number of events. Furthermore, we were not able 

to include established risk factors for cardiovascular disease, like smoking or hypertension, 

in the analyses. However, the survivors in our cohort are still young and those risk factors 

may not play a role yet. 

Studies with even longer follow-up are needed to evaluate the effect of aging, and general 

risk factors. Finally, it is important to evaluate if early screening and interventions improve 

the outcome in survivors with cardiovascular events. The high risk of cardiovascular events 

associated with cardiotoxic treatment, the poor prognosis of survivors with a cardiovascular 

event and possible treatment options such as ß-blockers or ACE-inhibitors,2,4,5 underscore 

the need to monitor all survivors treated with cardiotoxic therapies in order to detect and 

treat deterioration of cardiac function early. Especially survivors treated with high-dose 

anthracyclines, cardiac irradiation or both anthracyclines and cardiac irradiation, with 

congenital heart disease or earlier CHF need frequent follow-up. The use of potentially 

cardiotoxic treatments should be reconsidered for high-risk groups and frequent follow-up 

for high-risk survivors is needed.

In chapter 9 we present the results of a study assessing the cumulative incidence of 

peripartum anthracycline-induced clinical heart failure in a cohort of female survivors of 

childhood cancer treated with anthracyclines, in order to answer the following research 

question:

8. What are the risk and associated risk factors of triggering the development of 

cardiac dysfunction during or shortly after excess cardiac stress associated with 

pregnancy and delivery in female survivors of childhood cancer treated with 

anthracyclines?
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Our study consisted of a cohort of 53 female survivors of childhood cancer, who had 

delivered one or more children after a mean follow-up time of 20.3 years (range 5.8–28 

years). The mean cumulative dose of anthracyclines they received was nearly 270 mg/m2 

(range 60–552 mg/m2). None of the survivors developed peripartum clinical heart failure 

(cumulative incidence 0%; 95% confidence interval (CI): 0-5.7%). Even the 2 survivors, 

who had been diagnosed with anthracycline-induced clinical heart failure shortly after 

the end of anthracycline treatment, did not develop peripartum anthracycline-induced 

heart failure. 

Our study was the first study to investigate the occurrence of peripartum clinical heart 

failure after treatment for childhood cancer in a complete cohort of female survivors. 

Although the results were reassuring, questions remain, and more research is needed. 

Due to the small sample size, and thus low power it is possible that the real cumulative 

incidence of peripartum anthracycline-induced is as high as 5.7% (the upper limit of 

the 95% CI). Since none of the survivors developed clinical heart failure, we were 

not able to evaluate associated risk factors. Another important issue is that we were 

not able to assess the prevalence of peripartum anthracycline-induced asymptomatic 

cardiac dysfunction, as female survivors treated with anthracyclines did not undergo 

routine echocardiographic of the left ventricular function prior to and after delivery. 

More cohort studies with a high number of pregnant patients and long-term follow-up 

are needed to reliably evaluate the cumulative incidence of peripartum anthracycline-

induced cardiotoxicity (both clinical and asymptomatic, as measured by, for example, 

regular echocardiograms) and associated risk factors. Preferably, these new studies 

will also evaluate the long-term difference in cardiac function between anthracycline-

treated childhood cancer survivors who have been pregnant and those who have 

not been pregnant. As more data become available, clinicians will be able to make 

well-informed decisions about adequate follow-up protocols for pregnant childhood 

cancer survivors who have been treated with anthracyclines. Although the 2 patients 

who were diagnosed with A-CHF shortly after the end of anthracycline therapy did not 

develop any peripartum cardiac problems, it is known that pregnancy in women with 

pre-existing heart disease can be associated with significant cardiac complications. We 

recommend careful monitoring of patients with prior A-CHF around their pregnancy.

Overall conclusions
Our studies haves implications for future studies and care for children with cancer and 

survivors. Many aspects of the cumulative incidence of symptomatic cardiotoxicity, 

prevalence of asymptomatic cardiotoxicity, and associated risk factors after treatment 

with potentially cardiotoxic therapies have been addressed in this thesis, including some 

aspects of prevention of anthracycline-induced cardiotoxicity. We have provided more 
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insight into the current knowledge about cardiotoxicity after treatment for childhood 

cancer, and found, although not all, answers to the research questions we have asked 

ourselves. 

Conclusions of this thesis are;

l Survivors of childhood cancer treated with anthracyclines are at increased risk of 

developing asymptomatic cardiac dysfunction, and clinical heart failure.6-8

l There is high level evidence that higher doses of anthracyclines are associated with a 

higher risk of asymptomatic cardiac dysfunction and clinical heart failure in survivors 

of childhood cancer.6-8 

l There is still debate about some risk factors for developing cardiotoxicity after 

treatment with anthracyclines as female sex and younger age at treatment.6-8

l We could not identify that childhood cancer survivors are at higher risk of developing 

valvular disease after treatment with anthracyclines.9 

l Survivors of childhood cancer treated with radiotherapy involving the heart region are 

at increased risk of developing asymptomatic cardiac dysfunction and clinical heart 

failure, and also of developing ischemia and valvular disease.8-11 

l There is high level evidence that higher cardiac radiation doses are associated 

with asymptomatic and symptomatic cardiac dysfunction, ischemia and valvular 

disorders.7-10

l Questions that remain are the other risk factors for developing radiation-induced 

cardiotoxicity.7-10

l It is likely that childhood cancer survivors treated with mitoxantrone are at increased 

risk of symptomatic and asymptomatic cardiac dysfunction.12 

l Information on cumulative incidence of mitoxantrone-induced symptomatic 

cardiotoxicity and asymptomatic cardiac dysfunction, as well as precise risk factors 

are lacking.12  

l We found no evidence to support the hypothesis that cyclophosphamide or ifosfamide 

treatments increase the risk of cardiac disease.7-9

l We concluded that an anthracycline infusion duration of six hours or longer could 

reduces the risk of clinical heart failure and seems to reduce the risk of subclinical 

cardiac damage.13

l We could not confirm that pregnancy and delivery is a risk factor for developing 

symptomatic anthracycline-induced cardiac disease.13
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Strengths and limitations of our studies
The overall quality of our systematic reviews is good.6,10,12,14 Selection of eligible studies, 

data-extraction and quality assessment of the included studies were performed by two 

independent researchers. In order to avoid selection bias extensive literature searches 

were performed. The only limitation of two of the reviews is the fact that the presence 

of language bias can not be ruled out, as we only included studies in English, Dutch, 

French and German.6,12

The overall quality of our cohort studies is good.7-9,13 Since 1966 all children diagnosed 

with cancer have been registered in the hospital-based Childhood Cancer Registry of the 

EKZ/AMC, which maintains data on diagnosis, treatment and follow-up. This registry 

was used to track and trace all 5-year survivors of childhood cancer treated since 1966. 

Between 1966 and 1996, 2596 patients were diagnosed with childhood cancer in the 

EKZ/AMC. Of those, 1362 survived their malignancy for at least 5-years and formed 

the first cohort of the EKZ/AMC that was invited to visit the late effects outpatient 

clinic.15 Strengths of our cohort studies are the long-term and near complete follow-up, 

the complete and detailed treatment information, and the medical assessment of late 

adverse events. Limitations of our cohort studies are the sometimes small numbers of 

events, the lack of a control group or only a control group within the cohort and the 

lack of longitudinal data. Furthermore, our cohort is hospital-based and not population-

based. Continued follow-up and expansion of the cohort with all 5-year childhood 

cancer survivors treated in all 7 Dutch hospitals with a paediatric oncology unit will 

eliminate most of these limitations in future. 

Recommendations for future research and clinical practice
In this thesis we added knowledge about the risk and specific risk factors for developing 

cardiotoxicity, defined as (a)symptomatic cardiac disease, after treatment for childhood 

cancer. We defined recommendations for research and practice based on the existing 

and new evidence provided in this thesis

Recommendations for future research

We formulate research questions based on the remaining gaps in knowledge concerning 

development of cardiotoxicity, defined as (a)symptomatic cardiac disease after treatment 

for childhood cancer relevant for future survivors of childhood cancer:

l Identifying genetic factors for developing cardiotoxicity after specific treatments for 

childhood cancer

Summary, conclusion, discussion and recommendations for future research and clinical practice
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l Identifying  the role of chemotherapy such as cyclophosphamide, ifosfamide, 

vincristine and cisplatin in the development of cardiotoxicity after treatment for 

childhood cancer

l Identifying the role of interaction between anthracycline dose and radiation dose in 

the development of cardiotoxicity after treatment for childhood cancer

l Identifying the roles of sex and age at treatment in the development of cardiotoxicity 

after treatment for childhood cancer

l Identifying the role of general cardiovascular risk factors, such as hypertension, 

diabetes and smoking, in the development of cardiotoxicity after treatment for 

childhood 

l Identifying the long-term risk and rate of deterioration of (a)symptomatic cardiac 

disease in survivors of childhood cancer

l Identifying whether the risk of developing cardiotoxicity is life-long increased or 

whether the risk diminishes after a certain follow-up time

l Identifying  the best diagnostic test, including biomarkers, for detecting (a)

symptomatic cardiac diseases early in survivors of childhood cancer

l Identifying the best treatment options for survivors of childhood cancer with (a)

symptomatic disease

l Identify the cost benefit relation of screening for (a)symptomatic cardiac disease in 

survivors of childhood cancer

l Identifying the impact of screening and possible treatment for (a)symptomatic cardiac 

disease on the quality-of-life of survivors of childhood cancer

Recommendations for clinical practice

We formulate recommendations for clinical practice concerning the development of 

cardiotoxicity, defined as (a)symptomatic cardiac disease after treatment for childhood 

cancer, relevant for future survivors of childhood cancer: 

l Both survivors and care-givers should be aware of the risk of developing treatment-

induced cardiac disease after treatment for childhood cancer

l Childhood cancer survivors should receive individualised follow-up care to identify 

development of cardiac disease early, to prevent deterioration of cardiac function and 

to maintain or improve quality-of-life
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l Follow-up care of childhood cancer survivors should be based on the Dutch guidelines 

for follow-up after childhood cancer

l Follow-up care of childhood cancer survivors should be provided by expertise centres

l The individual survivor should be counselled about a healthy life-style and about the 

potential advantages and disadvantages of our screening recommendations

Furthermore current knowledge about risk and risk factors for developing cardiotoxicity 

after treatment for childhood cancer should be used for the development of new treatment 

protocols of children with cancer.

Since 2010 the Netherlands have nation-wide evidence-based guidelines for follow-

up after treatment for childhood cancer. They were developed by the Late Effects of 

Childhood Cancer task force of The Dutch Childhood Oncology Group (DCOG LATER). 

Every Dutch hospital with a children’s oncology unit, has a LATER outpatient clinic. In these 

expertise centres multidisciplinary patient care guided by the Dutch follow-up guidelines, 

is provided.16,17 More specific the cardiac guideline comprises risk-based follow-up based 

on echocardiography, with different time intervals depending upon cumulative dose of 

anthracyclines and/or radiotherapy involving the heart region, see Table or http://www.

skion.nl/bestanden/richtlijn_follow-up_na_kinderkanker. 

Summary, conclusion, discussion and recommendations for future research and clinical practice
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DCOG LATER recommendations for cardiac screening and follow-up

Who do we need to screen?

Childhood cancer survivors, treated with:

Anthracyclines (doxorubicine, epirubicine, daunorubicine, rubidomycine)

Cardiac radiotherapy (irradiation of the mediastinum, thorax, spine, left or whole upper abdomen or total 
body irradiation)

Mitoxantrone

What is the diagnostic test we have to use?

Main test and parameters

Echocardiography: left ventricular systolic function (FS and/or EF); valvular abnormalities

Alternative test and parameters

GNA: left ventricular systolic function (EF)

Other tests and parameters

ECG: arrhythmia’s, especially PQ prolongation / Blood pressure / BMI / Lipid profile: total cholesterol / 
HDL / LDL

What is the time interval for screening?

Echocardiography

Anthracyclines <300 mg/m2 Once every 5 year

Anthracyclines ≥300 mg/m2 Twice every 5 year

Anthracyclines and cardiac radiotherapy (regardless the doses) Twice every 5 year

Cardiac radiotherapy <30 Gy Once every 5 year

Cardiac radiotherapy ≥30 Gy Twice every 5 year

Mitoxantrone ≥40 mg/m2 Once every 5 year

Pregnant survivors treated with any cardiotoxic treatment Once in the third trimester of pregnancy

MUGA

In case echocardiography is not feasible (adipositas) : Schedule like echocardiography

ECG

All survivors at risk for cardiac late effects: Once 5 year after primary cancer diagnosis. Afterwards only in 
case of complaints.

Blood pressure, BMI

All survivors: Every outpatient clinic visit

Lipid profile

Survivors with left ventricular dysfunction: Once, afterwards only when indicated according to the Dutch 
guideline on cardiovascular risk management

What should be done when abnormalities are found?

Echocardiography

FS ≥ 30%, EF ≥ 50%, no other abnormalities: No action

FS ≥ 30%, EF ≥ 50%, but other abnormalities or incidental findings: Consult cardiologist

FS 25%-29%, EF 45%-49%: Consult / referral cardiologist (consider ACE-inhibitor treatment) Consider 
evaluation of lipid profile

FS < 25%, EF < 45%: Referral cardiologist (consider treatment with ACE-inhibitor, preferably in research 
setting)
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ECG 

Any rhythm abnormality or changes compared to baseline ECG: Consult cardiologist

Cardiovascular risk factors

All survivors: General lifestyle recommendations: no smoking, regular exercise, healthy diet

Survivors with cardiovascular risk factors (hypertension, metabolic syndrome, obesity, growth hormone 
deficiency): Interventions according to the Dutch guideline on cardiovascular risk management

Other considerations

Counselling

All survivors at risk for cardiac late effects

Individual estimated risk of cardiac disease

Individual counselling about potential advantages and disadvantages of screening

Abbreviations: DCOG LATER, Late Effects of Childhood Cancer task force of The Dutch Childhood Oncology 
Group; CCS, childhood cancer survivors; FS, left ventricular fractional shortening; EF, ejection fraction; MUGA, 
multi-gated nuclear angiogram; ECG, electrocardiogram ;BMI, body mass index

Summary, conclusion, discussion and recommendations for future research and clinical practice
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