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ABSTRACT
Purpose To evaluate the long-term risk for validated symptomatic cardiac events (CEs) and 

associated risk factors in childhood cancer survivors (CCSs).

Patients and methods We determined CEs grade 3 or higher: congestive heart failure 

(CHF), cardiac ischemia, valvular disease, arrhythmia and/or pericarditis (Common 

Terminology Criteria Adverse Events) in a hospital-based cohort of 1362 5-year CCSs 

diagnosed between 1966 and 1996. We calculated both marginal and cause-specific 

cumulative incidence of CE and cause-specific cumulative incidence of separate events. We 

analyzed different risk factors in multivariable Cox regression models.

Results Overall, 50 CEs, including 27 cases of CHF, were observed in 42 survivors (at a 

median attained age of 27.1 years). The 30-year cause-specific cumulative incidence of CEs 

was significantly increased after treatment with both anthracyclines and cardiac irradiation 

(12.6%;95%CI:4.3-20.3), after anthracyclines (7.3%;95%CI:3.8-10.7), and after cardiac 

irradiation (4.0%;95%CI:0.5-7.4), as compared to other treatments. In the proportional 

hazards analyses; anthracycline (dose), cardiac irradiation (dose), combination of these 

treatments, and congenital heart disease were significantly associated with developing a 

CE. We demonstrated an exponential relationship between the cumulative anthracycline 

dose, cardiac irradiation dose and risk of CE. 

Conclusions Childhood cancer survivors have a high risk of developing symptomatic CE at 

an early age. The most common CE was CHF. Survivors treated with both anthracyclines 

and radiotherapy have the highest risk; after 30 years, 1 in 8 will develop severe heart 

disease. The use of potentially cardiotoxic treatments should be reconsidered for high-risk 

groups and frequent follow-up for high-risk survivors is needed.
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INTRODUCTION
Major advances in medical and supportive care have contributed to a growing population 

of childhood cancer survivors (CCSs). With 5-year overall survival in Europe approaching 

80%, most children diagnosed with cancer today are expected to become long-term 

survivors.1 Unfortunately, improved prognosis has been accompanied by long-term health 

problems due to cancer treatment. Approximately 75% of survivors experience one or 

more adverse events.2,3 Cardiac events (CEs) are among the most important adverse 

events, causing long-term morbidity and early mortality.4-10 

Anthracyclines and cardiac irradiation can cause symptomatic and asymptomatic CEs. 

With regard to anthracyclines, higher cumulative anthracycline dose is the most important 

risk factor for ventricular dysfunction.9,11-16 Female sex and younger age at diagnosis are 

frequently suggested as additional risk factors,12,13,16-19 as well as other chemotherapeutic 

agents, like cyclophosphamide, ifosfamide, vincristine and cisplatin.8,15,20 Radiation 

dose and irradiated cardiac volume are commonly found risk factors for CE in long-term 

survivors.21-26

Because of the relative rareness of childhood cancer and the difficulty to clinically assess 

long-term survivors, most studies have focused on asymptomatic CEs. Long-term data 

regarding the incidence and associated risk factors for symptomatic CEs in survivors are 

sparse and mostly based on self-reported events.9,15,17 To obtain insight into the extent 

of CEs in survivors, information on clinically relevant outcomes, as well as information on 

the specific role of associated risk factors is essential. This knowledge can contribute to 

optimal recommendations for less toxic treatment, to preventive measures during or after 

treatment and to optimal follow-up care for survivors. 

Our aim was to determine the risk of late severe symptomatic CEs in CCSs, and to identify 

associated risk factors. Unique features of our study are the near complete long-term 

follow-up and medical validation of all CEs.

PATIENTS AND METHODS

Study population

The methods of patient selection and data collection have been described in detail 

previously.2 See Appendix for more detailed information. We performed a cohort study 

in all 5-year survivors diagnosed with childhood cancer in the EKZ/AMC between January 

1st 1966 and January 1st 1996. In total, 1362 out of 2596 patients survived their primary 

malignancy for at least 5 years and were therefore eligible for our study. 

Symptomatic cardiac events
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Data collection and follow-up

Information concerning patient characteristics, cancer diagnoses, therapy including 

treatment for recurrence(s), last date of medical follow-up and CEs were extracted from 

the Childhood Cancer Registry or from medical records. When cardiac follow-up data 

were missing at January 1st 2006, vital status was checked in the municipal registries 

and questionnaires were sent to general practitioners (GPs) or attending physicians to 

complete information about cardiac outcome. 

For each patient, the following information was recorded: cumulative dose of all 

chemotherapeutic agents, cardiac irradiation dose (i.e. total body irradiation, left or whole 

abdominal irradiation, spinal irradiation, thoracic irradiation, and inverted Y), date and 

cause of death, presence of congenital heart disease (CHD), and dates and diagnoses 

of CEs, including the occurrence of CEs during primary cancer treatment. CHD was 

defined as a clinically relevant defect in the structure of the heart or great vessels of 

a newborn. Potentially cardiotoxic therapy was defined as treatment with anthracyclines 

and/or cardiac irradiation for a first childhood malignancy and/or recurrent disease with 

or without other treatments. For all localizations of cardiac irradiation, we converted the 

physical radiation dose into equivalent dose in 2-Gray fractions (EQD2) in order to compare 

different fractionation schedules and treatments in a uniform way.27,28 See Appendix for 

more detailed information.

Definition of late cardiac events

Two authors (HJP, ED) independently graded all CEs (congestive heart failure, ischemia, 

valvular disease, arrhythmia and pericarditis) according to the Common Terminology Criteria 

for Adverse Events version 3.0 (CTC-AE).29 In case of disagreement a third author (LCK) was 

consulted. All CEs were diagnosed by cardiologists and validated by a cardiologist (WEK). 

The CTC-AE instrument can be used to score both acute and chronic adverse events in 

cancer patients and distinguishes five grades with unique clinical descriptions of severity: 

mild (grade 1), moderate (grade 2), severe symptomatic disease requiring treatment (grade 

3), life-threatening or disabling (grade 4), and death related to the adverse event (grade 

5). Definitions and validation of CEs according to CTC-AE are described in the Appendix.

Statistical analysis

The main outcome of interest was the occurrence of late symptomatic CEs defined as 

grade 3 or higher diagnosed more than 5 years after primary cancer diagnosis. Since we 

included only 5-year survivors, time at risk started 5 years from diagnosis. Survivors who 

developed a CE in the first 5 years after primary cancer diagnosis were only eligible if they 

had recovered (i.e. no symptoms of CE or treatment) within the same 5 years. Survivors 

who did not recover within 5 years were excluded. Follow-up time after primary cancer 
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diagnosis and attained age were defined at the earliest date of first CE, date of death or 

date of last known medical status if neither CE nor death was observed.

For all first CEs combined, we estimated both the marginal and cause-specific cumulative 

incidence after primary cancer diagnosis.30-33 See Appendix for more detailed information. 

For separate CEs we calculated only the cause-specific cumulative incidences after primary 

cancer diagnosis, as the marginal cumulative incidence cannot be estimated, because 

progression to different CEs are likely to be dependent mechanisms. 

For all CEs combined and the separate CEs, we assessed the overall cumulative risk, the 

risk for different treatment groups, and for mutually exclusive treatment categories that 

were defined by the cardiotoxic treatments received; i.e. anthracyclines, cardiac irradiation, 

both anthracyclines and cardiac irradiation and all other treatments. For ischemia and 

valvular disease, we assessed the risk of cardiac irradiation versus no cardiac irradiation 

irrespective of anthracycline use. For arrhythmia and pericarditis only descriptive analyses 

are presented due to the low number of first events.

Potential risk factors and confounders were considered in two multivariable Cox regression 

analyses. In one model, we quantified the effects of different treatments, including 

cyclophosphamide, ifosfamide, cisplatin and vincristine, on the risk (Hazard Ratio (HR)) 

of any CE and the risk of CHF, correcting for sex, age at diagnosis, and CHD. For CE as 

outcome, we allowed for an interaction between both treatments (i.e. anthracyclines and 

cardiac irradiation) and for non-linear effects of both doses by using natural splines34. 

In the second model, we regressed both outcomes on the four mutually exclusive 

treatment categories and also included sex, age at diagnosis and CHD. Deviations from the 

assumption of proportionality were tested for, using Schoenfeld residuals. Analyses were 

performed using SPSS for Windows version16.02 (SPSS, Chicago, IL) and the R statistical 

program version 2.13.0 (http://www.R-project.org).

RESULTS

Study population

Patient characteristics of the 1362 5-year survivors are described in Table 1. More than 

half of the survivors (n=723) received potentially cardiotoxic therapy with or without other 

treatments: 457 (33.6%) anthracyclines, 158 (11.6%) cardiac irradiation and 108 (7.9%) 

both anthracyclines and cardiac irradiation. Median follow-up time after primary cancer 

diagnosis was 22.2 years (range 5.0-44.5). Median attained age was 29.1 years (range 

5.2-54.2). At the end of follow-up 148 (10.9%) survivors had died, 88 (59.5%) due to 

primary cancer or recurrence, 35 (23.6%) due to subsequent neoplasms, 5 (3.3%) due to 

CHF and 20 (13.5%) due to other causes. 

Symptomatic cardiac events
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Cardiovascular events, cumulative risks and associated risk factors

For 1236 survivors (90.7%) we obtained the medical status regarding CE up to at least 

January 2006 (based on outpatient clinic visits in 977 survivors and GPs in 259). For the 

other 126 survivors the cardiac status at the most recent contact before January 2006 was 

used. Table 2 shows the distribution of types and grades of CEs. We observed 50 CEs in 

42 survivors after a median follow-up of 18.6 years after cancer diagnosis (range 5.0-35.7) 

and at a median attained age of 27.1 years (range 10.6-46.0) (Supplementary Table S1). 

Table 1. Patient characteristics of eligible childhood cancer survivors (N=1362)

Characteristic All 5-year cancer survivors N (%)

Sex

Male 745 (54.7)

Female 617 (45.3)

Primary childhood cancer diagnosis

ALL 302 (22.2)

ANLL 30 (2.2)

Non-Hodgkin’s disease 167 (12.3)

Hodgkin’s disease 104 (7.6)

Nephroblastoma 186 (13.7)

Soft tissue sarcoma 131 (9.6)

Ewing sarcoma 53 (3.9)

Osteosarcoma 73 (5.4)

CNS tumor 124 (9.1)

Neuroblastoma 85 (6.2)

Germ cell tumor 45 (3.3)

Other 62 (4.5)

Age at diagnosis childhood cancer (years)

Median (range) 5.9 (0-17.8)

0–4 596 (43.7)

5–9 378 (27.8)

10–14 309 (22.7)

15–18 79 (5.8)

Overall treatment category (N=1362)

Chemotherapy only (± surgery) 658 (48.2)

Radiotherapy only (± surgery) 88 (6.5)

Chemotherapy & radiotherapy (± surgery) 509 (37.4)

Surgery only 107 (7.9)

Cardiotoxic treatment 723 (53.1)

Anthracycline only* (± other therapy)† 457 (33.6)

Cardiac irradiation only‡ (± other therapy)† 158 (11.6)

Anthracycline & cardiac irradiation (± other therapy)† 108 (7.9)

Other therapy 639 (46.9)

Anthracyclines

None 797 (58.5)

Any 565 (41.5)
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Table 1. (Cont.)

Characteristic All 5-year cancer survivors N (%)

Cum anthracycline dose (mg/m2) (N=565)

Median (range) 250 (25-775)

1-100 65 (4.8)

101-200 172 (12.6)

201-300 135 (9.9)

301-400 57 (4.2)

401-500 102 (7.5)

> 500 19 (1.4)

Dose unknown 15 (1.1)

Cardiac irradiation

None 1095 (80.4)

Any 266 (19.5)

Unknown 1 (0.1)

Localization of cardiac irradiation (N=266)

Thorax§ 84 (31.6)

Abdomen¥ 65 (24.4)

Spine 89 (33.5)

TBI 28 (10.5)

Cardiac irradiation dose in EQD2 (Gy)(median; range) (N=266)

Thorax§ (24.08; 9.47-88.46) 77 (28.9)

Abdomen¥ (26.90; 3.73-57.19) 64 (24.1)

Spine (30.14; 8.00-50.11) 87 (32.7)

TBI (15.75; 14.00-21.60) 28 (10.5)

Unknown 10 (3.8)

Cardiac surgery

Yes 3 (0.2)

No 1359 (99.8)

Recurrence since primary cancer diagnosis

Yes 283 (20.8)

No 1079 (79.2)

Follow-up since primary cancer diagnosis (years)

Median (range) 22.2 (5.0-44.5)

5–9 94 (6.9)

10–14 133 (9.8)

15–19 333 (24.4)

20–24 281 (20.6)

25-29 259 (19.0)

30-34 159 (11.7)

³ 35 103 (7.6)

Attained age at end of follow-up (years)

Median (range) 29.1 (5.2-54.2)

≤ 14 66 (4.8)

15–19 135 (9.9)

Symptomatic cardiac events
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Table 1. Cont.

Characteristic All 5-year cancer survivors  N (%)

20–24 240 (17.6)

25–29 293 (21.5)

30–34 249 (18.3)

35-39 205 (15.1)

³ 40 174 (12.8)

Vital status at end of follow-up

Alive 1214 (89.1)

Deceased 148 (10.9)

Abbreviations: N, number; ALL, acute lymphoblastic leukemia; ANLL, acute non-lymphoblastic leukemia; CNS, 
central nervous system; Cum, cumulative; TBI, total body irradiation; EQD2, equivalent dose in 2-Gray fractions. 

*Anthracycline only includes treatment with anthracyclines and no radiotherapy involving the heart region, with or 
without all other treatment. †Other therapy includes all other treatment except anthracyclines, radiotherapy involving 
the heart region or cardiac surgery. ‡Cardiac irradiation only is radiotherapy involving the heart region with no 
anthracycline and includes total body irradiation, left or whole abdominal irradiation, spinal irradiation, thoracic 
irradiation, and inverted Y. §Thorax includes radiotherapy to the left lung, mantle field, and/or mediastinum. ¥ 
Abdomen includes radiotherapy to whole abdomen, left kidney, inverted Y and/or para-aortic lymph nodes. 

Table 2. Symptomatic cardiac events, CTC-AE grade 3 or higher (N=50) in 42 survivors*

CTC-AE Grade 3-5 CE Total N (%)

Grade 3 (%) Grade 4 (%) Grade 5 (%)

Congestive heart failure 17† 5 5 27 (54.0)

Cardiac ischemia / infarction 3 3 - 6 (12.0)

Valvular heart disease 4 2 - 6 (12.0)

Aortic regurgitation 1 - - 1

Aortic stenosis - 1‡ - 1

Mitral regurgitation 2 1§ - 3

Mitral stenosis - - - -

Tricuspid regurgitation 1 - - 1

Tricuspid stenosis - - - -

Cardiac arrhythmia 7 2 - 9 (18.0)

Pericarditis 1 1 - 2 (4.0)

Total N (%) 32 (64.0) 13 (26.0) 5 (10.0) 50 (100.0)

Abbreviations: CE, cardiac event; CTC-AE, Common Terminology Criteria for Adverse Events; N, number.
*CE were graded according to CTC-AE v3.0: ventricular dysfunction, grade 3: symptomatic congestive heart failure 
(CHF) responsive to interventions, ejection fraction (EF) <40% or left ventricular shortening fraction <15%; grade 
4: refractory CHF or poorly controlled; EF <20%; intervention such as ventricular assist device, ventricular reduction 
surgery, or heart transplant indicated; grade 5: death. Ischemia, grade 3: symptomatic and testing consistent with 
ischemia or unstable angina, intervention indicated; grade 4: acute myocardial infarction; grade 5, death. Valvular 
heart disease, grade 3: symptomatic, severe regurgitation or stenosis, symptoms controlled with medical therapy; 
grade 4: life-threatening; disabling; intervention (e.g., valve replacement, valvuloplasty) indicated; grade 5: death. 
Arrhythmia, grade 3: symptomatic and incompletely controlled medically or controlled with device; grade 4: 
life-threatening (e.g., arrhythmia associated with CHF, hypotension, syncope, shock); grade 5: death. Pericarditis, 
grade 3: disease with physiologic consequences; grade 4: life-threatening consequences; emergency intervention 
indicated; grade 5: death. † Including a patient with an atrial septum defect and Down syndrome and a patient with 
Duchenne muscular dystrophy.  ‡Including a patient with a bicuspid aortic valve. §Including a patient with an atrial 
septum defect.
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Nearly all survivors with CEs (n=40) received potentially cardiotoxic therapy, of the two 

survivors with a CE and without cardiotoxic treatment, one had Duchenne muscular 

dystrophy and the other Wolff-Parkinson-White syndrome. CHF was the most common CE 

(n=27). Of the complete cohort, six patients had experienced CHF during primary cancer 

treatment, but all had recovered after anti-congestive treatment and were asymptomatic 

and without medication 5 years after diagnosis. Five of them again developed CHF 5.1 to 

19.6 years after diagnosis. Four of 21 survivors with CHD subsequently developed a CE 

(Supplementary Table S2).

Of the 42 survivors with a CE, seven died; five due to cardiac disease, and two due to tumor 

progression in combination with progressive CHF. Two survivors required a heart transplant. 

Six survivors showed progressive cardiac disease at last follow-up despite treatment. 

Two survivors with arrhythmia and two with pericarditis recovered after treatment. The 

other 25 survivors showed stable disease with treatment. Four of the nine survivors with 

arrhythmia developed this condition as a result of their first CE (Supplementary Table S3). 

In Table 3 we present the cumulative incidences at 10, 20, 30, and 40 years after primary 

cancer diagnosis. The 30-year marginal cumulative incidence of the first CE in 5-year 

survivors was 4.2% (95%CI:2.8-5.6), the 30-year cause-specific cumulative incidence 3.9% 

(95%CI:2.6-5.1). The marginal cumulative incidence was significantly increased (log-rank 

p<.001) in survivors treated with potentially cardiotoxic therapy as compared to survivors 

without potentially cardiotoxic treatment (Figure 1A). For example, the 30-year marginal 

cumulative incidence was 8.3% (95%CI:5.4-11.1) versus 0.4% (95%CI:0-0.9). Figure 1B 

Table 3. Cumulative incidence of a first symptomatic CE in childhood cancer survivors according to the 
Kaplan-Meier method versus cause-specific cumulative incidence with death from any cause or another CE as 
competing risk

All CEs Kaplan-Meier (marginal) cumulative incidence % (95% CI) Log-rank P

Treatment group 10 yr 20 yr 30 yr 40 yr

Overall 0.5 (0.1-0.8) 2.3 (1.4-3.2) 4.2 (2.8-5.6) 7.2 (4.0-10.3) -

CTX therapy, no 0 0.4 (0-0.9) 0.4 (0-0.9) 0.4 (0-0.9) <.001

CTX therapy, yes 0.9 (0.2-1.6) 4.1 (2.4-5.8) 8.3 (5.4-11.1) 16.3 (7.5-24.3)

Anthracycline only* 0.7 (0-1.4) 4.3 (2.0-6.5) 8.3 (4.2-12.2) - <.001

Radiotherapy only† 0.7 (0-1.9) 0.7 (0-1.9) 4.5 (0.5-8.3) 15.0 (4.2-24.6)

Anthracycline & 
radiotherapy both

2.1 (0-5.0) 10.3 (3.0-17.0) 16.8 (5.1-27.0) -

All CEs Cause-specific cumulative incidence % (95% CI) ‡ Log-rank P

Treatment group 10 yr 20 yr 30 yr 40 yr

Overall 0.4 (0.1-0.8) 2.1 (1.3-2.9) 3.9 (2.6-5.1) 6.5 (3.7-9.2) -

CTX therapy, no 0 0.4 (0-0.9) 0.4 (0-0.9) 0.4 (0-0.9) <.001

CTX therapy, yes 0.8 (0.2-1.5) 3.7 (2.2-5.2) 7.2 (4.7-9.7) 13.4 (6.7-19.6)

Anthracycline only* 0.7 (0-1.4) 3.9 (1.8-5.9) 7.3 (3.8-10.7) - <.001

Radiotherapy only† 0.6 (0-1.9) 0.6 (0-1.9) 4.0 (0.5-7.4) 13.3 (3.8-21.9)

Anthracycline & 
radiotherapy both

1.9 (0-4.4) 8.2 (2.5-13.7) 12.6 (4.3-20.3) -

Symptomatic cardiac events
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shows the marginal cumulative incidence of CE for the four mutually exclusive treatment 

categories. The 30-year marginal cumulative incidence of CE was highest for survivors 

treated with both anthracyclines and cardiac irradiation (16.8%;95%CI:5.1-27.0), but also 

increased for survivors treated with anthracyclines (8.3%;95%CI:4.2-12.2), and cardiac 

irradiation (4.5%;95%CI:0.5-8.3). Survivors treated with both anthracyclines and cardiac 

irradiation had the shortest induction period of developing a CE. The 30-year cause-specific 

risk cumulative incidence of CEs for survivors treated with both cardiac irradiation and 

anthracyclines was 12.6% (95%CI:4.3-20.3).

In Table 3 and Figure 1C-E, we present the 30-year cause-specific cumulative incidences 

separately for CHF (2.7%;95%CI:1.6-3.8), cardiac ischemia (0.8%;95%CI:0.1-1.4), and 

valvular disease (0.6%;95%CI:0.1-1.2). The 30-year cause-specific cumulative incidence of 

Table 3. Cont.

Congestive heart failure Cause-specific cumulative incidence % (95% CI)§ Log-rank P

Treatment group 10 yr 20 yr 30 yr 40 yr

Overall 0.4 (0-0.7) 1.9 (1.1-2.7) 2.7 (1.6-3.8) 3.1 (1.8-4.4) -

CTX therapy, no 0 0.2 (0-0.5) 0.2 (0-0.5) 0.2 (0-0.5) <.001

CTX therapy, yes 0.7 (0.1-1.4) 3.7 (2.0-5.2) 5.4 (3.2-7.6) 6.2 (3.5-8.9)

Anthracycline only* 0.7 (0-1.4) 4.0 (1.8-6.2) 7.5 (3.6-11.2) - <.001

Radiotherapy only† 0.7 (0-1.9) 0.7 (0-1.9) 0.7 (0-1.9) 2.1 (0-5.0)

Anthracycline & 
radiotherapy both

1.1 (0-3.1) 7.9 (1.4-14.0) 7.9 (1.4-14.0) -

Ischemia Cause-specific cumulative incidence % (95% CI)§ Log-rank P

Treatment group 10 yr 20 yr 30 yr 40 yr

Overall 0 0.1 (0-0.3) 0.8 (0.1-1.4) 1.9 (0-4.1) -

CTX therapy, no 0 0 0 0 .007

CTX therapy, yes 0 0.2 (0-0.7) 1.6 (0.2-3.0) 4.9 (0-11.2)

Radiotherapy, no¥ 0 0.1 (0-0.3) 0.3 (0-0.8) 0.3 (0-0.8) .01

Radiotherapy, yes¥ 0 0 2.2 (0-4.7) 6.0 (0-13.3)

Valvular disease Cause-specific cumulative incidence % (95% CI)§ Log-rank P

Treatment group 10 yr 20 yr 30 yr 40 yr

Overall 0 0.3 (0-0.6) 0.6 (0.1-1.2) 1.7 (0-3.9) -

CTX therapy, no 0 0 0 0 .008

CTX therapy, yes 0 0.6 (0-1.2) 1.3 (0.1-2.4) 4.6 (0-10.8)

Radiotherapy, no¥ 0 0.1 (0-0.3) 0.1 (0-0.3) 0.1 (0-0.3) .0002

Radiotherapy, yes¥ 0 1.1 (0-2.5) 2.5 (0-5.0) 6.3 (0-13.6)

Abbreviations: CE, cardiac event; CI, confidence interval; yr, year; P, p-value; CTX, cardiotoxic therapy (i.e. 
treatment containing anthracyclines and / or cardiac irradiation). *Anthracycline only includes treatment 
with anthracyclines and no radiotherapy involving the heart region, with or without all other treatment. 
†Radiotherapy is radiotherapy involving the heart region and includes total body irradiation, left or whole 
abdominal irradiation, spinal irradiation, thoracic irradiation, and inverted Y.  ‡Competing risk cumulative 
incidence with death from any cause as competing risk.  §Competing risk cumulative incidence with death 
from any cause or another CE as competing risks. ¥ Radiotherapy only includes treatment with radiotherapy 
involving the heart region and no anthracyclines, with or without all other treatment. 
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CHF was 7.9% (95%CI:1.4-14.0) for survivors treated with both anthracyclines and cardiac 

irradiation, 7.5% (95%CI:3.6-11.2) for survivors treated with anthracycline, and 0.7% 

(95%CI:0-1.9) for survivors treated with cardiac irradiation. The cause-specific cumulative 

incidence of cardiac ischemia or valvular disease was significantly increased (log-rank p.01 

and p.0002 respectively) for survivors treated with cardiac irradiation as compared to 

survivors treated without cardiac irradiation. E.g. the 30-year cause-specific cumulative 

Figure 1. Marginal (Kaplan-Meier) (A, B) and cause-specific (competing risk) (C, D, E) cumulative incidence of 
cardiac events (CEs) in childhood cancer survivors stratified according to different treatment groups. 
(A) Marginal cumulative incidence for all CEs, stratified according to potential CTX therapy or no CTX therapy, 
log-rank P-value <.001; (B) Marginal cumulative incidence for all CEs, stratified according to different CTX 
therapies, log-rank P-value <.001; (C) Cause-specific cumulative incidence for congestive heart failure, stratified 
according to different treatment groups, log-rank P-value <.001; (D) Cause-specific cumulative incidence for 
cardiac ischemia, stratified according to cardiac irradiation or no cardiac irradiation, log-rank P-value .01; (E) 
Cause-specific cumulative incidence for valvular disease, stratified according to cardiac irradiation or no cardiac 
irradiation, log-rank P-value .0002. CE, cardiac event; CTX, cardiotoxic treatment; Ant, anthracycline; RTX, 
cardiac irradiation.

A B

C D

E

Symptomatic cardiac events
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incidence was 2.2% (95%CI:0-4.7) versus 0.3% (95%CI:0-0.8) and 2.5% (95%CI:0-5.0) 

versus 0.1% (95%CI:0-0.3), respectively.

In the multivariable Cox regression analyses, a higher anthracycline dose, cardiac 

irradiation dose and the presence of CHD significantly increased the risks of both the 

first CE and CHF. Since the overall test for the presence of interaction and nonlinear 

effects was not significant (p=0.11), we show results based on a model in which these 

terms were not included (Table 4). When adding transient CHF during primary cancer 

treatment to the model, we found a highly significant association with an increased CE 

risk (HR 26.6;95%CI:9.3-76;p<·001); the other HRs were not substantially affected (data 

not shown). In the second Cox model using mutually exclusive treatment groups the risk 

of the first CE was significantly increased in the following groups: survivors treated with 

anthracyclines (HR19.0;95%CI:4.4-83), with cardiac irradiation (HR13.0;95%CI:2.8-61), 

with the combination of both therapies (HR 49.5;95%CI:10.7-230), and also in survivors 

Table 4. Multivariable Cox regression analysis of potential determinants of symptomatic CEs of different potential 
cardiotoxic treatments (model 1) and mutual exclusive potential cardiotoxic treatments (model 2)

Determinant All events 
(N=42)

Congestive heart failure 
(N=27)

Model 1 HR (95% CI) P HR (95% CI) P

Sex (female vs. male) 1.1 (0.6-2.1) .80 0.8 (0.4-1.8) .63

Age at diagnosis (per year) 1.03 (0.96-1.10) .47 0.98 (0.90-1.07) .67

Anthracycline (per 100 mg/m2) 1.7 (1.4-2.1) <.001 1.8 (1.5-2.3) <.001

Radiotherapy (EQD2 per 10 Gy)* 1.8 (1.4-2.2) <.001 1.4 (1.1-2.0) .02

Cyclophosphamide (yes vs. no) 1.6 (0.7-3.8) .32 1.8 (0.6-5.3) .25

Ifosfamide (yes vs. no) 1.9 (0.8-4.6) .18 1.9 (0.7-5.2) .20

Vincristine (yes vs. no) 1.0 (0.3-2.9) .99 1.5 (0.3-7.7) .61

Cisplatin (yes vs. no) 1.4 (0.4-5.2) .62 1.7 (0.4-8.0) .47

Cong. heart disease (yes vs. no) 12.0 (4.0-37) <.001 9.9 (2.2-44) .003

Model 2

Sex (female vs. male) 1.1 (0.6-2.1) .72 0.9 (0.4-1.9) .72

Age at diagnosis (per year) 1.05 (0.98-1.12) .20 0.98 (0.90-1.07) .67

No cardiotoxic therapy 1 - 1 -

Anthracycline only (yes vs. no)† 19.0 (4.4-83) <.001 33.5 (4.4-254) .001

Radiotherapy only (yes vs. no)‡ 13.0 (2.8-61) .001 6.6 (0.6-73) .13

Anthracycline & radiotherapy (yes vs. no) 49.5 (10.7-230) <.001 55.9 (6.6-470) <.001

Cong. heart disease (yes vs. no) 7.4 (2.6-22) <.001 6.9 (1.6-30) .009

Abbreviations: CE, cardiac event; N, number; HR, hazard ratio; CI, confidence interval; P, p-value; vs., versus; 
EQD2, equivalent dose in 2-Gray fractions; Gy, Gray; Cong., congenital. *Radiotherapy is radiotherapy 
involving the heart region and includes total body irradiation, left or whole abdominal irradiation, spinal 
irradiation, thoracic irradiation, and inverted Y. †Anthracycline only includes treatment with anthracyclines 
and no radiotherapy involving the heart region, with or without all other treatment.‡Radiotherapy only 
includes treatment with radiotherapy involving the heart region and no anthracyclines, with or without all 
other treatment.
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8with CHD (HR 7.4;95%CI;2.6-22). The combined effect of anthracyclines and cardiac 

irradiation was stronger than the effect of anthracyclines or cardiac irradiation only. None 

of the models showed significant deviations form proportionality (p-values model 1: 0.65, 

0.75; model 2: 0.06, 0.67).

Figure 2 shows the association between cumulative anthracycline dose and irradiation 

dose and HR for CE. It clearly demonstrates the exponentially increasing risk of developing 

a CE with a higher cumulative anthracycline dose or irradiation dose.

Figure 2. Association between cumulative anthracycline dose and hazard ratio, and cumulative radiotherapy 
dose and hazard ratio (in EQD2, equivalent dose in 2-Gray fractions) for all cardiac events (A) and congestive 
heart failure (B), based on the Cox model that also included sex, age at diagnosis, cisplatin, vincristine, 
cyclophosphamide, ifosfamide and congenital heart disease. In both figures, no cardiotoxic treatment (dose=0) 
was the reference value. For CE, effect of anthracycline dose is shown for zero irradiation dose and effect of 
irradiation dose is shown for zero dose of anthracycline.

Symptomatic cardiac events
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DISCUSSION
This study demonstrates that CCSs are at high risk of developing a severe symptomatic CE 

after cardiotoxic therapy, especially when treated with high-dose anthracyclines, cardiac 

irradiation, both anthracyclines and cardiac irradiation and when they had CHD or CHF 

during primary cancer treatment. Thirty years after primary cancer diagnosis nearly 1 in 8 

survivors treated with both anthracyclines and cardiac irradiation will develop a serious CE. 

Our study reliably investigated the risk of symptomatic CEs in survivors using strict criteria 

and medical validation of all identified cases. Other unique features of our study are the 

near complete follow-up, and the complete and detailed treatment information. 

Of great concern is that the prognosis of survivors with a symptomatic CE is poor, only 4 

recovered completely. It is essential to realize that this is a very young patient population 

with a long life-expectancy; the median attained age was 29.1 years and the median age 

at CE diagnosis was 27.1 years. Furthermore, in the general population symptomatic CEs 

are preceded by asymptomatic CEs.35,36 The risk of asymptomatic ventricular dysfunction 

in survivors has been reported to be as high as 57%.12,18 So our study might only show 

the proverbial tip of the iceberg; the problem of symptomatic CE could be much greater in 

the future. Another important finding is that the induction period for developing a CE is 

shorter for survivors treated with both anthracyclines and cardiac irradiation than for other 

treatment groups. 

Thus far only the Childhood Cancer Survivor Study (CCSS) has addressed and identified 

an increased risk for different symptomatic CEs in 5-years survivors.15 The CCSS reported 

all CEs in a large and well-characterized cohort of long-term survivors including a sibling 

control-group. However, there are important differences between our study and the CCSS 

paper, and our study therefore has additional value. In the CCSS only 70% of eligible 

survivors participated, while we were able to assess the outcome in more than 90% of the 

eligible population treated with and without cardiotoxic treatment, the latter serving as 

a control-group for the first. In the CCSS information on CEs was based on self-reported 

answers to questionnaires and CCSS used different definitions of CEs than in our study. 

Furthermore, the CCSS investigators were not able to medically validate CEs while in 

our study all cases were diagnosed and verified by cardiologists. We also identified a 

significantly increased risk of CHF in our entire cohort of 5-year survivors, but our estimate 

was lower (2.7% versus 4.1% at 30 years), possibly due to less selection bias, a more 

precise definition and validation of symptomatic CE in our study. Also, the risks at 30 

years for severe ischemia (0.8%) and for valvular disease (0.6%) in our entire cohort were 

lower than in the CCSS (1.3 % and 4.0% respectively). An additional explanation for these 

differences could be a lower percentage of survivors with cardiac irradiation in our cohort 

compared to the CCSS (19.5% versus 56.5%). 

We succeeded in completing radiotherapy treatment details for 96.2% of the irradiated 

survivors. Converting the physical dose into the EQD2 enabled us to compare different 
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fractionation schedules uniformly. The EQD2 is a convenient measure to evaluate late 

radiation induced effects, since it includes both fractionation size and total dose, and 

fractionation size is the dominant factor in determining late effects.27,28 The calculated 

EQD2 does not represent the exact cardiac dose; it is the converted applied dose to the 

heart region.

Our results show that survivors treated with anthracyclines, cardiac irradiation, and 

especially the combination of both, are at the highest risk for developing CEs. An 

important new finding of our study is the exponential relationship between the cumulative 

anthracycline dose and irradiation dose and the HR of developing CE. The shape of the 

curve clearly demonstrates that a cut-off point for a safe anthracycline dose or irradiation 

dose is difficult, if not impossible, to define. In the group of survivors treated with 

anthracyclines only, all but one with a CE received cumulative anthracycline doses of 300 

mg/m2 or higher. However, in the group treated with both anthracyclines and cardiac 

irradiation CHF already occurred at cumulative anthracycline doses of 120 mg/m2. We 

found no evidence that other chemotherapy or female sex were risk factors for developing 

CE as other studies have suggested.8,15,20 We identified CHD and transient CHF during 

primary cancer treatment as new risk factors. 

Our study has some limitations. Apart from CHF, it was difficult to perform separate 

multivariable Cox analyses for other CEs, 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. Six of the survivors included in our cohort were 

also included in a previous study by van Dalen et al9 on CHF during and after treatment 

with anthracyclines. In our cohort we included all 5-year CCSs treated with all treatments, 

identified all cardiac events and expanded the follow-up.

In conclusion, 5-year CCSs have a high risk of developing symptomatic CE. The most 

frequent CE is CHF. The risk of a CE is increased especially in survivors treated with 

high-dose anthracyclines, cardiac irradiation, both anthracyclines and cardiac irradiation, 

and in survivors with CHD or transient CHF during cancer treatment. The risk of developing 

severe ischemia or valvular disease is increased after cardiac irradiation. 

Our study has implications for future studies and care for children with cancer and survivors. 

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 CEs. The high risk of CEs associated with cardiotoxic 

treatment, the poor prognosis of survivors with a CE and possible treatment options such 

as ß-blockers or ACE-inhibitors,35-37 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 CHD or earlier CHF need frequent follow-up. 

Symptomatic cardiac events
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APPENDIX ADDITIONAL PATIENTS AND METHODS

Study population

In 1996, the Outpatient Clinic for Late Effects of Childhood Cancer was established in 

the Emma Children’s Hospital/Academic Medical Center (EKZ/AMC), Amsterdam, the 

Netherlands. All 5-year childhood cancer survivors (CCSs) were traced using the Childhood 

Cancer Registry of the EKZ/AMC, which was established in 1966 and maintains data on 

diagnosis, treatment and follow-up of all patients treated for childhood cancer in the EKZ/

AMC. All CCSs who survived at least 5 years after primary cancer diagnosis were invited to 

participate and enrolled into prospective follow-up protocols tailored to previous diagnosis 

and treatment. These protocols were developed by health care professionals based on 

consensus. The CCSs gave informed consent for data collection.2

Data collection and follow-up

For all localizations of cardiac irradiation, we converted the physical radiation dose into 

equivalent dose in fractions of 2 Gray (EQD2) in order to compare different fractionation 

schedules and treatments in a uniform way.27,28 The EQD2 includes both fractionation size 

and total dose, and is therefore appropriate to evaluate late radiation induced effects, since 

fractionation size is the dominant factor in determining late effects. We used the formula: 

EQD2 = D*(d+α/β)/(2+α/β), in which D represents the total dose given in fractions of d 

Gray. The α/β parameter originates from the linear quadratic model, and its value depends 

on the kind of tissue. We used an α/β ratio of 3 Gray for late responding tissues. The EQD2 

is expressed in Gray (Gy). All calculated EQD2s embody the maximum applied dose per 

treatment localization.

Definition of late cardiac events

Definitions of cardiac events (CEs) according to the Common Terminology Criteria 

for Adverse Events version 3.0 (CTC-AE)29 are: left ventricular dysfunction, grade 3: 

symptomatic congestive heart failure (CHF) responsive to interventions with an ejection 

fraction (EF) <40% or left ventricular shortening fraction (LVSF) <15%; grade 4: refractory 

CHF or poorly controlled; EF <20%; intervention such as ventricular assist device, ventricular 

reduction surgery, or heart transplant indicated; grade 5: death. Cardiac ischemia, 

grade 3: symptomatic and testing consistent with ischemia or unstable angina pectoris, 

intervention indicated; grade 4: acute myocardial infarction; grade 5, death. Valvular heart 

disease, grade 3: symptomatic, severe regurgitation or stenosis, symptoms controlled with 

medical therapy; grade 4: life-threatening; disabling; intervention (e.g., valve replacement, 

valvuloplasty) indicated; grade 5: death. Arrhythmia, grade 3: symptomatic and 

incompletely controlled medically or controlled with device; grade 4: life-threatening (e.g., 

arrhythmia associated with CHF, hypotension, syncope, shock); grade 5: death. Pericarditis, 

grade 3: disease with physiologic consequences; grade 4: life-threatening consequences; 
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emergency intervention indicated; grade 5: death. A CE was only defined as a true CE 

when it could not be attributed to other causes, e.g. like in the case of CHF to sepsis. 

The majority of cardiac events were diagnosed in our own institute by our cardiologists. If 

an event was recorded in another institute, the medical records of the case in question were 

requested from the treating cardiologist or hospital. We determined all cardiac events both 

by going through the registry data and medical records of all eligible CCS. Furthermore, 

when cardiac follow-up data were missing at January 1st 2006, vital status was checked in 

the municipal registries and questionnaires were sent to general practitioners or attending 

physicians to complete information about cardiac outcome. Validation was done by 

applying the CTC-AE criteria on the available medical information by two of the authors 

independently (HJP, ED), and the validation of all possible cardiac events (CTC-AE grade 1 

to 5) was verified by a cardiologist (WEK). To be accepted as a true cardiac event, both 

symptoms and additional diagnostic tests had to be consistent with the specific CTC-AE 

criteria and the event. If either information on symptoms or diagnostic tests was missing or 

inconclusive, we did not include the specific cardiac event.

Statistical analysis 

For all first CEs combined, we estimated both the marginal and cause-specific cumulative 

incidence after primary cancer diagnosis. The marginal cumulative incidence reflects what 

would happen if individuals did not die of other reasons than CE. As such, it reflects the 

biological effects of the childhood cancer and subsequent treatment on the development 

of CEs. It is estimated by calculating the Kaplan-Meier survival curve, in which individuals 

who die before developing a CE are censored. It is a valid method to estimate the marginal 

cumulative incidence only under the assumption that progression to first CE and non-CE 

death are independent mechanisms. The cause-specific cumulative incidence reflects 

what actually happens, and takes into account that some patients may die before ever 

developing a CE. When calculating the cause-specific cumulative incidence, individuals 

who die before developing a CE are not censored, but remain in the risk set with a weight 

that depends on the timing of the last known medical status for the ones who did not 

have a CE and did not die.31 Hence, the cause-specific cumulative incidence is always 

lower than the marginal cumulative incidence for CE. For example, if 10% of the survivors 

develop a CE within 20 years, and 20% dies without a CE, the cause-specific cumulative 

incidence at 20 years is 10%, whereas the marginal cumulative incidence for CE will be 

some number between 10% and 12.5%, depending on when the deaths occurred relative 

to the CEs. If all 20% deaths occurred before any CE, these survivors would be taken out 

of the risk set, resulting in a marginal estimate of 1/8=0.125. We believe competing risk 

analyses in these types of studies are the only valid approach because the different CEs are 

probably not independent from each other. Hence, the Kaplan-Meier estimator, in which 

the occurrence of another CE is treated as a censoring, will give a biased estimate of the 

cumulative incidence.31

Symptomatic cardiac events
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Table S1. Characteristics of all childhood cancer survivors with and without symptomatic CE*

All 5-year childhood cancer survivors (N=1362)

Patients without CE All patients with CE Congestive heart failure Ischemia Valvular disease Arrhythmia Pericarditis

N 1320 42† 27 6 6 9 2

Sex

Male 724 (54.8) 21 (50.0) 15 4 1 3 1

Female 596 (45.2) 21 (50.0) 12 2 5 6 1

Med age at diagn (range) 5.8 (0-17.8) 9.7 (0.4-15.1) 6.5 (0.4-14.9) 13.7 (10.3-14.4) 10.6 (2.3-15.1) 4.9 (2.3-13.8) 12.0 (11.8-12.2)

Anthracycline (Y) 535 (40.5) 30 (71.4) 24 3 4 5 1

Med cum dose (range) 250 (25-775) 420 (120-720) 398 (120-720) 405 (360-450) 437 (350-475) 475 (360-720) 360 (360)

Cardiac irradiation (Y) 246 (18.6) 20 (47.6) 8 4 5 5 2

Med cum dose (range) 24.7 (3.7-88.5) 25.1 (14.0-45.6) 23.1 (14.0-45.6) 38.7 (16.6-39.6) 21.9 (16.6-24.7) 24.0 (22.5-27.5) 34.9 (34.2-35.6)

Localization RTX

Thorax 71 (5.4) 13 (31.0) 4 3 3 4 2

Abdomen 62 (4.7) 3 (7.1) 1 1 - 1 -

Spine 86 (6.5) 3 (7.1) 2 - 2 - -

TBI 27 (2.0) 1 (2.4) 1 - - - -

Cyclophosphamide (Y) 395 (29.9) 22 (52.4) 18 3 2 4 1

Med cum dose (range) 5.1 (0.1-45.0) 9.1 (0.2-18.4) 7.8 (0.2-15.8) 9.2 (3.9-14.4) 12.5 (9.5-15.6) 15.1 (8.8-18.4) 18.5 (18.5)

Ifosfamide (Y) 179 (13·6) 7 (17·5) 7 - 1 1 -

Med cum dose (range) 24.0 (0.1-132.0) 42.0 (18-76.3) 51.0 (18-76.3) - 18.0 (18.0) 60.0 (60.0) -

Vincristine (Y) 995 (75.4) 35 (83.3) 24 5 3 9 1

Cisplatin (Y) 73 (5.5) 4 (9.5) 3 - 1 - -

Cong. heart disease(Y) 17 (1.3) 4 (9.5) 2 - 2 1 -

Cardiotoxic therapy (Y) 683 (51.7) 40 (95.2) 26 6 6 8 2

Ant only 437 (33.1) 20 (52.4) 18 2 1 3 -

RTX only 148 (11.2) 10 (23.8) 2 3 2 3 1

Ant+RTX 98 (7.4) 10 (23.8) 6 1 3 2 1

Med follow-up (range) 22.3(5.0-44.5) 18.6 (5.0-35.7) 16.6(5.0-30.0) 22.4 (18.7-35.7) 21.2 (12.0-35.7) 23.7 (15.1-32.1) 20.5 (9.0-32.1)

Med attained age (range) 29.2 (5.2-54.2) 27.1 (10.6-46.0) 25.7(10.6-34.1) 36.5 (33.0-46.0) 28.3 (25.2-46.0) 28.7 (20.5-38.3) 32.5 (21.1-43.9)

Abbreviations: CE, cardiac events; N, number; Diagn, diagnosis; Med, median; Y, yes; cum, cumulative; RTX, 
radiotherapy involving the heart region; Cong., congenital; Ant, anthracycline.
* Data are N (%), unless otherwise indicated. † 42 survivors of childhood cancer with 50 CEs. Radiotherapy 
is radiotherapy involving the heart region and includes total body irradiation, left or whole abdominal 
irradiation, spinal irradiation, thoracic irradiation and/or inverted Y. Radiotherapy only includes treatment 
with radiotherapy involving the heart region and no anthracyclines, with or without all other treatment. 
Anthracycline only includes treatment with anthracyclines and no radiotherapy involving the heat region, with 
or without all other treatment. Age at diagnosis, follow-up and attained age in years. Cumulative dose of 
anthracycline in mg/m2. Cumulative dose of cardiac irradiation (in EQD2, equivalent dose in 2-Gray fractions) 
in Gray. Cumulative dose of cyclophosphamide and ifosfamide in g/m2.
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Med cum dose (range) 250 (25-775) 420 (120-720) 398 (120-720) 405 (360-450) 437 (350-475) 475 (360-720) 360 (360)

Cardiac irradiation (Y) 246 (18.6) 20 (47.6) 8 4 5 5 2

Med cum dose (range) 24.7 (3.7-88.5) 25.1 (14.0-45.6) 23.1 (14.0-45.6) 38.7 (16.6-39.6) 21.9 (16.6-24.7) 24.0 (22.5-27.5) 34.9 (34.2-35.6)

Localization RTX

Thorax 71 (5.4) 13 (31.0) 4 3 3 4 2

Abdomen 62 (4.7) 3 (7.1) 1 1 - 1 -

Spine 86 (6.5) 3 (7.1) 2 - 2 - -

TBI 27 (2.0) 1 (2.4) 1 - - - -

Cyclophosphamide (Y) 395 (29.9) 22 (52.4) 18 3 2 4 1

Med cum dose (range) 5.1 (0.1-45.0) 9.1 (0.2-18.4) 7.8 (0.2-15.8) 9.2 (3.9-14.4) 12.5 (9.5-15.6) 15.1 (8.8-18.4) 18.5 (18.5)

Ifosfamide (Y) 179 (13·6) 7 (17·5) 7 - 1 1 -

Med cum dose (range) 24.0 (0.1-132.0) 42.0 (18-76.3) 51.0 (18-76.3) - 18.0 (18.0) 60.0 (60.0) -

Vincristine (Y) 995 (75.4) 35 (83.3) 24 5 3 9 1

Cisplatin (Y) 73 (5.5) 4 (9.5) 3 - 1 - -

Cong. heart disease(Y) 17 (1.3) 4 (9.5) 2 - 2 1 -

Cardiotoxic therapy (Y) 683 (51.7) 40 (95.2) 26 6 6 8 2

Ant only 437 (33.1) 20 (52.4) 18 2 1 3 -

RTX only 148 (11.2) 10 (23.8) 2 3 2 3 1

Ant+RTX 98 (7.4) 10 (23.8) 6 1 3 2 1

Med follow-up (range) 22.3(5.0-44.5) 18.6 (5.0-35.7) 16.6(5.0-30.0) 22.4 (18.7-35.7) 21.2 (12.0-35.7) 23.7 (15.1-32.1) 20.5 (9.0-32.1)

Med attained age (range) 29.2 (5.2-54.2) 27.1 (10.6-46.0) 25.7(10.6-34.1) 36.5 (33.0-46.0) 28.3 (25.2-46.0) 28.7 (20.5-38.3) 32.5 (21.1-43.9)

Abbreviations: CE, cardiac events; N, number; Diagn, diagnosis; Med, median; Y, yes; cum, cumulative; RTX, 
radiotherapy involving the heart region; Cong., congenital; Ant, anthracycline.
* Data are N (%), unless otherwise indicated. † 42 survivors of childhood cancer with 50 CEs. Radiotherapy 
is radiotherapy involving the heart region and includes total body irradiation, left or whole abdominal 
irradiation, spinal irradiation, thoracic irradiation and/or inverted Y. Radiotherapy only includes treatment 
with radiotherapy involving the heart region and no anthracyclines, with or without all other treatment. 
Anthracycline only includes treatment with anthracyclines and no radiotherapy involving the heat region, with 
or without all other treatment. Age at diagnosis, follow-up and attained age in years. Cumulative dose of 
anthracycline in mg/m2. Cumulative dose of cardiac irradiation (in EQD2, equivalent dose in 2-Gray fractions) 
in Gray. Cumulative dose of cyclophosphamide and ifosfamide in g/m2.
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Table S3. Patient characteristics and outcome of all 42 survivors with symptomatic CE*

Pt Sex Diag Age Ant Cyc Ifo Cis Vinc RTX RTX dose Therapy FUP Age CE CHF ID Val AR PD CHD Outcome

1 M MH 11.8 - - - - - Thorax 35.6 RTX only 32.1 43.9 - - - - Y - Pericardiocentesis. Recovered

2 F Osteo 10.3 - - - - - Thorax 16.6 RTX only 35.7 45.9 - Y‡ Y‡ - - - Stable on Ca-antagonist, nitrates, ß-blocker

3 M NHL 13.5 - - - - Y Abd 39.6 RTX only 26.1 39.6 - Y - - - - PTCA, stent placement, stable on ß-blocker, acetylsalicylic 
acid

4 M STS 4.1 - 14 - - Y Thorax 20.8 RTX only 30.0 34.1 Y - - - - - Stable on ß-blockers

5 M NHL 6.5 175 2.6 - - Y - - Ant only 9.0 15.4 Y - - - - - †, unresponsive CHF

6 M STS 2.3 720 15.8 60 - Y - - Ant only 25.0 27.3 Y§ - - Y§ - - Slow progression. ß-blocker, ACE-inhibitor. ICD

7 F Ewing 14.8 - - - - Y Thorax 32.0 RTX only 6.1 20.9 Y - - - - - †, unresponsive CHF

8 M STS 1.0 300 ?? - - Y - - Ant only 19.6 20.6 Y - - - - - †, unresponsive CHF

9 F Wilms 7.2 - - - - Y Abd 22.5 RTX only 31.1 38.3 - - - Y - - Stable on anti-arrhythmic drugs

10 M Ewing 13.6 ?? ?? - - Y Thorax ?? Ant & RTX 22.0 35.6 - Y - - - - PTCA, stable on ß-blocker, acetylsalicylic acid

11 F Ewing 12.2 360 18.5 - - Y Thorax 34.2 Ant & RTX 9.0 21.1 - - - - Y - Diuretics, pericardiocentesis. Recurrence †

12 F NHL 12.1 425 15.6 - - Y Thorax 23.3 Ant & RTX 23.7 35.9 - - Y§ Y§ - - Stable on ß-blocker, Ca-antagonist, anti-arrhythmic 
drugs. AOR, acenocoumarol

13 M STS 3.9 540 8.8 - - Y - - Ant only 22.3 26.3 Y§ - - Y§ - - Slow progression. ß-blocker, ACE-inhibitor. ICD

14 F STS 0.4 540 9.8 - - Y - - Ant only 26.8 27.2 Y - - - - - Stable on ß-blocker, ACE-inhibitor

15 F MH 10.9 475 - - - Y Thorax 24.7 Ant & RTX 15.1 26.0 - - Y§ Y§ - ASD MVR & revision. PM (DDDR). Diuretics, ß-blocker. Slow 
progression

16 M NHL 6.4 700 0.7 - - Y - - Ant only 5.9 12.3 Y - - - - - †, unresponsive CHF

17 M STS 0.6 240 6.8 - - Y Thorax 15.0 Ant & RTX 10.0 10.6 Y - - - - - Diuretics, digitalis. Recurrence †

18 F Wilms 1.2 200 - 42 - Y Thorax 25.5 Ant & RTX 13.9 15.1 Y - - - - - Stable on ß-blocker, ACE-inhibitor, acenocoumarol

19 M Wilms 0.6 - - - - Y - - Other 14.4 15.0 Y - - - - D Slow progression on ß-blocker, ACE-inhibitor, digitalis

20 M NHL 14.3 450 3.9 - - Y - - Ant only 18.7 33.0 Y‡ Y‡ - - - - PTCA. Heart transplant. Stable on Ca-antagonist

21 M MH 4.9 - - - - Y Thorax ?? RTX only 23.8 28.7 - - - Y - - Stable on ß-blocker, acetylsalicylic acid

22 M MH 14.4 - - - - Y Thorax 38.7 RTX only 22.4 36.8 - Y - - - - Stable on ß-blocker, acetylsalicylic acid

23 F Wilms 3.3 300 - - - Y Abd 26.1 Ant & RTX 13.6 16.9 Y - - - - - Stable on ß-blocker, ACE-inhibitor

24 M NHL 9.6 420 10.8 - - Y - - Ant only 20.8 30.5 Y - - - - - Stable on ACE-inhibitor

25 F CNS 2.3 - - - - - Spine 21.9 RTX only 22.9 25.2 - - Y - - - Stable on diuretics

26 F Ewing 13.5 480 14.4 - - Y - - Ant only 18.1 31.6 Y - - - - - Stable on ß-blocker, ACE-inhibitor

27 F NHL 10.2 300 7.8 - - Y - - Ant only 5.1 15.3 Y - - - - - Stable on ACE-inhibitor

28 F NHL 9.9 350 9.5 - - Y Spine 19.9 Ant & RTX 19.6 29.5 Y‡ - Y‡ - - - Slow progression on ß-blocker, ACE-inhibitor

29 M Osteo 15.1 450 - 18 Y - - - Ant only 12.0 27.1 - - Y - - BAV AOR. Stable on acenocoumarol, ACE-inhibitor

30 F Ewing 9.0 120 14.4 - - Y Spine 45.6 Ant & RTX 16.7 25.7 Y - - - - - Stable on ß-blocker, ACE-inhibitor

31 F Ewing 13.8 360 14.4 - - Y - - Ant only 22.4 36.3 - Y‡ - Y‡ - - Stable on acetylsalicylic acid, ß-blocker. ICD

32 M Ewing 9.7 544 - 76.3 - Y - - Ant only 19.3 29.1 Y - - - - - Stable on ACE-inhibitor

33 M NHL 6.0 720 15.6 - - Y - - Ant only 16.6 22.7 Y - - - - - Stable on ß-blocker, ACE-inhibitor

34 F ALL 2.3 - - - - Y - - Other 18.2 20.5 - - - Y - - Ablation, complete recovery

35 M Osteo 9.7 450 - 18 Y - - - Ant only 12.8 22.5 Y - - - - - Slow progression on ACE-inhibitor

36 M Osteo 14.1 375 18 Y - - - Ant only 18.5 32.7 Y - - - - - †, unresponsive CHF

37 F NHL 6.2 300 5.2 - - Y - - Ant only 14.1 20.3 Y - - - - - Heart transplant. Stable on Ca-antagonist, 
acenocoumarol, diuretics

38 M NHL 11.8 375 6.5 - - Y - - Ant only 14.7 26.5 Y - - - - - Stable on ACE-inhibitor

39 F ANLL 3.0 270 1.1 - - Y TBI 14 Ant & RTX 8.1 11.1 Y - - - - ASD Stable on ACE-inhibitor, diuretics, digitalis

40 F STS 14.9 600 - 63 - Y - - Ant only 14.4 29.3 Y - - - - - Stable on ACE-inhibitor

41 F Wilms 4.0 0 - - - Y Thorax 27.5 RTX only 32.1 36.1 - - - Y - - Ablation, complete recovery

42 F Osteo 11.3 450 - - Y - - - Ant only 21.3 32.6 Y - - - - - Stable on ß-blocker
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Table S2. Congenital heart disease in all 5-year survivors of childhood cancer*

Survivors with congenital heart 
disease†

Total

Without CE With CE

Atrial septum defect 4 2‡ 6

Ventricular septum defect 5 - 5

ASD & VSD 1 - 1

Bicuspid aortic valve 3 1§ 4

Transposition 1 - 1

Fallot 1 - 1

Duchenne Muscular Dystrophy - 1§ 1

Pulmonal stenosis 2 - 2

Total 17 (81.0%) 4 (19.0%) 21 (100%)

Abbreviations: CE, cardiac event; ASD, atrial septum defect; VSD, ventricular septum defect. *Data are N 
(number), unless otherwise indicated. † Including 4 survivors with Down syndrome (2 with ASD, 1 with ASD 
and VSD and 1 with bicuspid aortic valve). ‡ Including 1 patient with valvular disease and arrhythmia, and 1 
patient with valvular disease. § Including 1 patient with cardiomyopathy. 

Abbreviations: CE, cardiac event; Pt, patient number; Diag, primary cancer diagnosis; Ant, anthracycline; 
Cyc, cyclophosphamide; Ifo, ifosfamide; Cis, cisplatin; Vinc, vincristine; RTX, radiotherapy involving the heart 
region; FUP, time between primary cancer diagnosis and first CE (years); CHF, congestive heart failure; ID, 
ischemia; Val, valvular disease; AR, arrhythmia; PD, pericardial disease; CHD, congenital heart disease; M, 
male; F, female; MH, M. Hodgkin; Osteo, osteosarcoma; NHL, non-Hodgkin lymphoma; STS, soft-tissue-
sarcoma; Ewing, Ewing sarcoma; Wilms, nephroblastoma; CNS, central nervous system tumor; ALL, acute 
lymphoblastic leukemia; ANLL, acute non-lymphoblastic leukemia; Y, yes; Abd, abdominal; TBI, total body 
irradiation; ASD, atrial septum defect; D, Duchenne muscular dystrophy; BAV, bicuspid aortic valve; PTCA, 
percutaneous transluminal coronary angioplasty; CHF, congestive heart failure; ICD, implantable cardioverter 
defibrillator; MVR, mitral valve replacement; PM (DDD-R), dual chamber rate adaptive pacemaker; AOR, aortic 
valve replacement; †, deceased; ??, dose unknown. * Age at primary cancer diagnosis in years. Anthracycline 
dose in mg/m2. Cyclophosphamide and ifosfamide dose in g/m2. Radiotherapy dose in EQD2 (equivalent 
dose in 2-Gray fractions) in Gray. Follow-up in years. Age at CE in years. Radiotherapy is radiotherapy involving 
the heart region and includes total body irradiation, left or whole abdominal irradiation, spinal irradiation, 
thoracic irradiation, and inverted Y. Radiotherapy only includes treatment with radiotherapy involving the 
heart region and no anthracyclines, with or without all other treatment. Anthracycline only includes treatment 
with anthracyclines and no radiotherapy involving the heat region, with or without all other treatment. Other 
therapy includes all other treatment except anthracyclines, radiotherapy involving the heart region or cardiac 
surgery. ‡ Cardiac events experienced at the same time. § Cardiac events experienced at different time points.
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