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ABSTRACT
Purpose To determine the prevalence of valvular disease after radiotherapy involving the 

heart region and/or treatment with anthracyclines and to identify associated risk factors in 

a large cohort of 5-year childhood cancer survivors (CCS). 

Patients and methods  The study cohort consisted of all 5-year survivors diagnosed with 

childhood cancer between 1966 and 1996 in the Emma Children’s Hospital/Academic 

Medical Center and treated with radiotherapy involving the heart region and/or with 

anthracyclines. In CCS who visited our late effects outpatient clinic echocardiograms 

were performed and analyzed in a standardized manner. We used multivariable logistic 

regression analyses to examine the association between treatment and valvular disease.

Results We identified 225 echocardiographic mild to severe valvular abnormalities in 

169 (31%) of 545 CCS with a cardiac assessment. Median follow-up time was 14.9 years 

(range 5.1-36.8) and median attained age 22.0 years (range 7.0-49.7). Most common were 

tricuspid valve disorders (N=119; 21.8%) and mitral valve disorders (N=73; 13.4%). The 

regression models showed that development of a valvular abnormality was associated with 

higher cardiac irradiation dose as EQD2 (OR 1.33 per 10 Gray), irradiation fields involving 

the heart region, namely thoracic (OR 1.48 per 10 Gray), and total body irradiation (TBI OR 

2.04 per 10 Gray), and congenital heart disease (CHD OR 3.43).

Conclusions Almost one third of CCS has developed one or more relevant valvular 

abnormalities after a median follow-up of nearly 15 years. The most important risk factors 

for developing a valvular abnormality are higher cardiac irradiation dose (especially thoracic 

irradiation, and TBI), and CHD. 
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INTRODUCTION
Major advances in medical and supportive care have contributed to a growing population 

of childhood cancer survivors (CCS). With 5-year overall survival approaching 80%, most 

children diagnosed with cancer today are expected to become long-term survivors.1 

However, improved prognosis has been accompanied by long-term health problems 

due to cancer treatment. Approximately 3 out of 4 survivors experience one or more 

adverse events.2,3 Cardiovascular disease (CVD) and cardiac mortality are among the most 

serious late effects.4-8  Several population-based studies observed a 6- to 8-fold increased 

mortality due to CVD among CCS compared to the general population.9-13 

Cardiac exposure to irradiation can adversely affect the structures of the heart, including 

the pericardium, myocardium, valves, conduction system and coronary arteries. This may 

lead to symptomatic cardiac disease such as constrictive pericarditis, valvular disease, 

conduction defects, congestive heart failure and coronary artery disease.14,15 Several risk 

factors, such as higher total dose, higher fractioned dose, younger age at exposure, more 

volume of heart exposed, and technique of chest irradiation have been identified, but not 

consistently in all studies.14,15 

Whereas several studies14-27 have evaluated the incidence and risk factors of symptomatic 

CVD and cardiac mortality as an adverse effect of treatment for (childhood) Hodgkin’s 

lymphoma, nephroblastoma, and breast cancer, only a few studies have evaluated both 

symptomatic and asymptomatic valvular disease after treatment for all childhood cancer 

diagnosis.5,7,16,20 The outcome of these studies varied with regard to the incidence, 

type and hemodynamic significance of the valvular lesions found, and focused mostly 

on symptomatic valvular disease or mortality. The prevalence of asymptomatic and 

symptomatic valvular disease after treatment for childhood cancer is largely unknown; 

reported frequencies vary from 1.6% to more than 40% including different definitions of 

valvular disease and study groups.5,15,16 

The precise role of anthracyclines as well as that of other chemotherapeutic agents, such 

as cyclophosphamide, ifosfamide, vincristine and cisplatin in the development of valvular 

disease has to be determined.5,11,28

The aim of our study was to determine the prevalence of valvular disease after radiotherapy 

involving the heart region and/or treatment with anthracyclines, and to identify associated 

risk factors in a large cohort of 5-year CCS.

PATIENTS AND METHODS

Study population

The study population consisted of all children (<18 years) who were diagnosed with 

childhood cancer in the Emma Children’s Hospital / Academic Medical Center (EKZ/AMC), 

Valvular disease in survivors of childhood cancer

155



chapter 7

Amsterdam, the Netherlands, between January 1st 1966 and January 1st 1996, and who 

survived for at least 5 years after diagnosis. The methods of patient selection and data 

collection have been described in detail previously.2 Patients were identified using the 

Childhood Cancer Registry of the EKZ/AMC. This registry was established in 1966 and 

contains data on all patients treated for childhood cancer in the EKZ/AMC with regard to 

diagnosis, treatment, and follow-up. To be eligible for inclusion in this study, patients had 

to meet the following criteria: (1) diagnosis of a primary malignancy between 1966 and 

1996, (2) age < 18 years at time of primary diagnosis, (3) ≥ 5 year survival after diagnosis, 

(4) treated primarily in EKZ/AMC, (6) treated with radiotherapy involving the heart region 

(i.e. total body irradiation (TBI), left or whole abdominal irradiation, spinal irradiation, 

thoracic irradiation, and radiotherapy involving the para-aortic lymph nodes) and/or (7) 

treated with anthracyclines. 

Data collection and follow-up

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

EKZ/AMC. All 5-year CCS were traced using the Childhood Cancer Registry and invited 

to participate and enroll in prospective follow-up protocols tailored to previous diagnosis 

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

consensus. The CCS gave informed consent for data collection from the medical records.2  

CCS who received treatment with anthracyclines and/or cardiac irradiation were enrolled 

in the cardiotoxicity screening protocol that comprised a full medical assessment and an 

echocardiography on the same day.

Information concerning patient characteristics, cancer diagnoses, therapy including 

treatment for recurrence(s), last date of medical follow-up and presence of valvular 

disease were extracted directly from the Childhood Cancer Registry or from medical 

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

chemotherapeutic agents, cardiac irradiation dose, date and cause of death (if applicable), 

and presence of congenital heart disease (CHD). 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. 

Cardiac irradiation was defined as radiation exposure of the heart as a consequence of 

radiotherapy for childhood cancer to one of the following treatment fields: thorax, spine, 

upper abdomen (left or whole abdomen, or inverted Y) and TBI.

The physical radiation dose was converted into the equivalent dose in fractions of 2 Gray 

(EQD2)
7 by using the formula: EQD2 = D*(d+α/β)/(2+α/β). In this formula D represents 

the total dose given in fractions of d Gray, and the value of the α/β ratio depends on the 

tissue under consideration. We used an α/β ratio of 3 Gray for late responding tissues. The 

EQD2 includes both fractionation size and total dose, and is appropriate to evaluate late 
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radiation-induced effects, because fractionation size is the dominant factor in determining 

late effects. Besides, by using the EQD2 different fractionation schedules can be compared 

in a uniform way.29,30 The EQD2 is expressed in Gray (Gy). All calculated EQD2s embody 

the maximum applied dose per treatment localization.

Cardiac assessment

Patients were examined by echocardiography at least once by using standardized M-mode 

and two-dimensional echocardiography with a concurrent ECG, for the measurement of 

the left ventricular fractional shortening (LVFS) and for color and pulsed Doppler studies of 

the valvular functions. All studies were performed using commercially available ultrasound 

scanners. Measurements were made by trained and skilled echocardiography technicians 

and approved and interpreted by experienced cardiologists from our hospital who 

were blinded to the details of therapy. We defined a valvular abnormality as a disorder 

characterized by a defect in the mitral valve, aortic valve, tricuspid valve and/or pulmonary 

valve identified with echocardiographic cardiac assessment.

Valvular function was assessed as follows;31 mitral and tricuspid valvular regurgitation 

were visually graded using a scale from trace, mild, moderate to severe regurgitation, 

equivalent to the ratio of the color Doppler-jet area to the atrial area (extending <1 cm 

into the atrium as trace, <20% with a jet extension of at least 1 cm into the atrium as 

mild,  20% to 40% as moderate  and  >40% as severe). Regurgitation leading to reversal 

in the hepatic (tricuspid regurgitation) or pulmonary (mitral regurgitation) veins was also 

considered severe. Aortic regurgitation was visually graded using the ratio of the width of 

the color jet at the site of the valve leaflets to the diameter of the left ventricle outflow 

tract (LVOT) (<1/4 as trace, between 1/ 4 and 1/2 as mild, between 1/2 and 2/3 as 

moderate, and >2/3 as severe). Pulmonary regurgitation was visually graded using color 

jet extension into the right ventricle outflow tract (RVOT) (small jet <1 cm as trace, jet <2 

cm as mild, jet far in RVOT as moderate, and severe with the pulmonary regurgitation 

flow visible coming from the arteria pulmonalis branches). Aortic stenosis was considered 

present if the peak-pressure-difference over the aortic valve was <15 mmHg, mild if the 

difference was 15-40 mmHg, moderate if the difference was between 40-70 mmHg and 

severe if the difference was 70-100 mmHg. Pulmonary stenosis was considered trace and 

mild if the peak-pressure-difference was <50 mmHg, moderate pulmonary stenosis if the 

difference was 50-80 mmHg, and severe if the difference was >80 mmHg. Mitral and 

tricuspid stenosis were considered severe if the hemodynamic ostium-area was <1.0 cm2, 

moderate if it was between 1.0-1.5 cm2, mild if it was between 1.5-2.2 cm2. Aortic and 

mitral valve thickening was considered present if the motions of the valve leaflets were 

restricted, and not further graded. If there were no data in the report about the aortic, 

tricuspid, mitral and pulmonary valve, they were considered to be normal, as (anatomic) 

abnormalities were unlikely not mentioned by protocol. 

Valvular disease in survivors of childhood cancer
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The LVFS was calculated using the formula: LVFS(%)=((LVDD–LVDS)/LVDD)*100%, where 

LVDD is the left ventricular diastolic diameter measured at the start of the QRS complex 

and LVDS is the left ventricular systolic diameter. LVFS was considered deviate if it was 

less than 30%.32 Echocardiographic measurements were done multiple times diminishing 

the risk of intra-observer variability. For each patient, the first evaluable echocardiogram 

performed at least 5 years after diagnosis was used as outcome measurement. We chose 

the first echocardiography as the most unbiased measurement possible, in order to avoid 

both selection bias, and confounding by treatment. Survivors with echocardiographic 

abnormalities received a different follow-up schedule compared to those with 

measurements within normal limits, with possible treatment of the abnormalities. 

Finally, we considered mild or higher echocardiographic valvular abnormalities as a 

clinically relevant disorder and normal or trace measures as a physiological condition with 

no clinically relevant consequences.

Statistical analyses

The main outcomes of interest was the prevalence of clinically relevant valvular disorders 

based on results of all echocardiographic valvular assessments across the first available 

echocardiographic measurements at least 5 years after primary cancer diagnosis. We 

assessed both the prevalence of all CCS with a valvular abnormality combined and the 

prevalence of mitral, tricuspid, pulmonary and aortic valve abnormalities.

To investigate potential risk factors for valvular late adverse effects, multivariable 

logistic regression analyses were performed in which all echocardiographic valvular 

abnormalities were combined and in which tricuspid valve and mitral valve abnormalities 

were considered separately. For aortic and pulmonary valve abnormalities only descriptive 

analyses are presented, due to the low numbers of abnormal findings. The following 

potential determinants of the valvular abnormalities were evaluated: sex, age at cancer 

diagnosis, cumulative dose of anthracyclines, cyclophosphamide, ifosfamide, cisplatin, and 

vincristine, cardiac irradiation dose (as EQD2), irradiation fields and CHD. In the first model, 

we quantified the effect of cumulative cardiac irradiation dose expressed as the odds 

ratio (OR), and in the second model we evaluated the effect of cardiac irradiation dose 

per radiation field. All analyses were corrected for follow-up time. Follow-up time after 

primary cancer diagnosis was defined at the date of cardiac assessment. Furthermore, we 

investigated a possible interaction between CHD and cardiac irradiation dose. Analyses 

were performed using statistical software SPSS for Windows version 16.02 (SPSS, Inc, 

Chicago, IL). 
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RESULTS

Study population

Between January 1966 and January 1996, 2596 patients were diagnosed with childhood 

cancer in the EKZ/AMC. Of those, 1362 survived their malignancy for at least 5 years 

(Figure 1). In total, 723 patients were treated with anthracyclines and/or cardiac irradiation. 

Ninety-seven 5-year CCS died before they could visit our Outpatient Clinic; none of 

valvular disease. Thus 626 CCS were eligible for inclusion, and 545 had an evaluable 

Original cohort
N = 1362

Diagnosed with childhood cancer (age < 18 years)
      between 1966 – 1996 in the EKZ/AMC

Alive ≥ 5 years after primary cancer diagnosis

All 5-year CCS treated with potential 
cardiotoxic therapy: cardiac

irradiation and/or anthracyclines
N = 723

CCS died before visit to
Late Effects Outpatients Clinic

N = 97

Potential study group of 5 -year CCS 
treated with cariotoxic therapy

N = 626

CCS with non evaluable 
echocardiography

N = 8

Study group of 5 -year CCS with 
echocardiographic assessment

N = 545

CCS without echocardiographic
assessment for various reasons

N = 73

Figure 1. Flowchart of 5-year survivors 
of childhood cancer included in this 
study.

Abbreviations: N, number; EKZ/AMC, 
Emma Children’s Hospital/Academic 
Medical Center, Amsterdam, The 
Netherlands; CCS, childhood cancer 
survivors

Valvular disease in survivors of childhood cancer
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echocardiographic assessment (87.1%). Eight survivors had a cardiac assessment, but due 

to poor quality of the echocardiogram, they were not evaluable. The other 73 patients did 

not have an echocardiographic assessment for various reasons (e.g. emigration or refusal 

of screening). Table 1 lists the characteristics of the original cohort of all CCS treated with 

potentially cardiotoxic therapy (i.e. anthracyclines and/or cardiac irradiation), of the cohort 

of eligible CCS and of the final study group with reliable echocardiographic assessment. 

Survivors with and without a cardiac assessment did not differ by sex, age at diagnosis, 

tumor diagnosis, and treatment. 

Table 1. Patient characteristics of 5-year survivors of childhood cancer treated with cardiac irradiation and/or 
anthracyclines

Characteristic All CCS treated with 
CTX

All CCS eligible for 
cardiac assessment

All CCS with 
echocardiography

Number 723 626 545

Sex

Male 400 (55.3) 344 (55.0) 282 (51.7)

Female 323 (44.7) 282 (45.0) 263 (48.3)

Primary childhood cancer diagnosis

ALL 158 (21.9) 120 (19.2) 108 (19.8)

ANLL 29 (4.0) 28 (4.5) 25 (4.6)

Hodgkin’s lymphoma 68 (9.4) 64 (10.2) 54 (9.9)

Non-Hodgkin’s lymphoma 139 (19.2) 130 (20.8) 111 (20.4)

Nephroblastoma 82 (11.3) 73 (11.7) 61 (11.2)

Soft tissue sarcoma 52 (7.2) 48 (7.7) 43 (7.9)

Ewing sarcoma 44 (6.1) 35 (5.6) 32 (5.9)

Osteosarcoma 58 (8.0) 52 (8.3) 46 (8.4)

CNS tumor 57 (7.9) 44 (7.0) 39 (7.2)

Germ cell tumor 11 (1.5) 11 (1.8) 9 (1.7)

Neuroblastoma 9 (1.2) 7 (1.1) 5 (0.9)

Other 16 (2.2) 14 (2.2) 12 (2.2)

Age at diagnosis childhood cancer (years)

Median (range) 7.6 (0.1-17.8) 7.6 (0.1-17.8) 7.6 (0.1-17.8)

0–4 243 (33.6) 210 (33.5) 181 (33.2)

5–9 232 (32.1) 200 (31.9) 179 (32.8)

10–14 193 (26.7) 165 (26.4) 143 (26.2)

15–18 55 (7.6) 51 (8.1) 42 (7.7)

Cardiotoxic treatment 723 (100) 626 (100) 545 (100)

Anthracycline only* (± other 
therapy)†

457 (63.2) 412 (65.8) 364 (66.8)

Cardiac irradiation only‡ 
(± other therapy)†

158 (21.9) 133 (21.2) 109 (20.0)

Anthracycline & cardiac irradiation 
(± other therapy)†

108 (14.9) 81 (12.9) 72 (13.2)
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Table 1. (Cont.)

Characteristic All CCS treated with 
CTX

All CCS eligible for 
cardiac assessment

All CCS with 
echocardiography

Anthracyclines

None 158 (21.9) 133 (21.2) 109 (20.0)

Any 565 (78.1) 493 (78.8) 436 (80.0)

Cum anthracycline dose (mg/m2)

Median (range) 250 (25-775) 270 (25-750) 270 (40-750)

1-100 65 (9.0) 51 (8.1) 40 (7.3)

101-200 172 (23.8) 156 (24.9) 140 (25.7)

201-300 135 (18.7) 117 (18.7) 105 (19.3)

301-400 56 (7.7) 48 (7.7) 45 (8.3)

401-500 103 (14.2) 97 (15.5) 90 (16.5)

> 500 19 (2.6) 16 (2.6) 13 (2.4)

Dose unknown 15 (2.1) 8 (1.3) 3 (0.6)

Radiotherapy involving the heart region

None 456 (63.1) 412 (65.8) 364 (66.8)

Any 266 (36.8) 214 (34.2) 181 (33.2)

Unknown 1 (0.1) - -

Localization of cardiac irradiation

Thorax§ 83 (11.4) 70 (11.2) 62 (11.4)

Abdomen¥ 65 (9.0) 59 (9.4) 44 (8.1)

Spine 90 (12.4) 65 (10.4) 57 (10.5)

TBI 28 (3.9) 20 (3.2) 18 (3.3)

Cardiac irradiation dose in EQD2 (Gy)
(median; range)

24.7 (3.7-88.5) 24.4 (3.7-53.6) 24.2 (3.7-53.6)

Thorax§ 24.1 (9.5-88.5) 23.6 (9.5-53.6) 23.8 (9.5-53.6)

Abdomen¥ 26.9 (3.7-57.2) 26.6 (3.7-39.6) 27.0 (3.7-39.6)

Spine 30.1 (8.0-50.1) 30.3 (13.7-50.1) 30.4 (15.0-50.1)

TBI 15.8 (14.0-21.6) 15.8 (14.0-21.6) 15.8 (14.0-21.6)

Unknown N=10 N=5 N=5

Cyclophosphamide

No 366 (50.6) 322 (51.4) 275 (50.5)

Yes 357 (49.4) 304 (48.6) 270 (49.5)

Ifosfamide

No 617 (85.3) 544 (86.9) 472 (86.6)

Yes 106 (14.7) 82 (13.1) 73 (13.4)

Cisplatin

No 669 (92.5) 579 (92.5) 502 (92.1)

Yes 54 (7.5) 47 (7.5) 43 (7.9)

Vincristine

No 116 (16.0) 101 (16.1) 87 (16.0)

Yes 607 (84.0) 525 (83.9) 458 (84.0)

Valvular disease in survivors of childhood cancer
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Valvular abnormalities, cumulative risks and associated risk factors

Overall, 169 of 545 survivors (31%) had one or more relevant echocardiographic valvular 

abnormality 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). Table 2A describes the echocardiographic 

measurements for all valves. Most common were tricuspid valve disorders mild or higher 

(N=119; 21.8%) and mitral valve disorders mild or higher (N=73; 13.4%). The prevalence of 

aortic valve and pulmonary valve abnormalities was 16 (2.9%) and 17 (3.1%) respectively. 

Figure 2 shows the distribution of the 225 relevant valvular abnormalities that were found 

in 169 CCS, of whom 120 had one abnormality, and 49 had two or more abnormalities.

Table 2B describes the patient characteristics of all included 5-year CCS and CCS with 

echocardiographic valvular abnormalities. We found 12 CCS with a CHD; the specifics are 

listed in Appendix Table A1.

In Table 3 the multivariable logistic regression models are presented.  For all echocardiographic 

valvular abnormalities combined, we found that higher cardiac irradiation dose (expressed 

as EQD2), age at diagnosis and CHD were significantly associated with developing valvular 

disease, OR 1.33 per 10 Gy (95%CI:1.11-1.60, P=0.002), 1.05 (95%CI:1.00-1.10, P=0.04), 

and 3.79 (95%CI:1.15-12.5, P=0.03) respectively. For tricuspid valvular abnormalities, only 

a significant association with cardiac irradiation dose (OR 1.30 per 10 Gy (95%CI:1.07-1.58, 

P=0.004) was found and for mitral valvular abnormalities both cardiac irradiation dose and 

CHD were significantly associated with a higher risk (OR 1.35 per 10 Gy (95%CI;1.07-1.69, 

P=0.01, and OR 4.11 (95%CI:1.14-14.9, P=0.03, respectively). Anthracycline dose showed 

a non significant association with a higher risk (OR 1.21 per 100 mg/m2; 95%CI:0.99-1.48, 

P=0.07). In model 2 the association between cardiac irradiation dose (as EQD2) to one of the 

Table 1. Cont.

Characteristic All CCS treated with 
CTX

All CCS eligible for 
cardiac assessment

All CCS with 
echocardiography

Recurrence since primary cancer 
diagnosis

No 539 (74.6) 515 (82.3) 450 (82.6)

Yes 184 (25.4) 111 (17.7) 95 (17.4)

Abbreviations: CCS; childhood cancer survivor; CTX, cardiotoxic treatment (i.e. anthracyclines and/or cardiac 
irradiation); 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; 
Gy, Gray.
*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, irradiation of the 
left axilla and inverted Y.
§Thorax includes radiotherapy to the left lung, mantle field, mediastinum and/or left axilla irradiation.
¥ Abdomen includes radiotherapy to whole abdomen, left kidney, inverted Y and para-aortic lymph nodes.
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Table 2A. Echocardiographic assessment of valvular abnormalities in 5-year survivors of childhood cancer 
(N=545)

Normal 
(%)

Trace 
(%)

Mild 
(%)

Moderate 
(%)

Severe 
(%)

Overall mild 
or higher (%)

Unknown 
(%)*

Aortic valve 16 (2.9)

AV insufficiency 461 (84.6) 19 (3.5) 9 (1.7) 4 (0.7) 1 (0.2) 51 (9.4)

AV stenosis 494 (90.6) 0 0 1 (0.2) 0 50 (9.2)

Mitral valve 73 (13.4)

MV insufficiency 289 (53.0) 168 (30.8) 63 (11.6) 6 (1.1) 2 (0.4) 17 (2.4)

MV stenosis 494 (90.6) 0 1 (0.2) 0 0 50 (9.2)

Tricuspid valve 119 (21.8)

TV insufficiency 231 (42.4) 138 (25.3) 106 (19.4) 12 (2.2) 1 (0.2) 57 (10.5)

TV stenosis 331 (60.7) 1 (0.2) 0 0 0 213 (39.1)

Pulmonary valve 17 (3.1)

PV insufficiency 83 (15.2) 31 (5.7) 14 (2.6) 2 (0.4) 0 415 (76.1)

PV stenosis 120 (22.0) 0 0 1 (0.2) 0 424 (77.8)

Overall 1 or more valvular 
abnormality grade 2 or higher

225/169 (31.0)

Abbreviations: N, number; AV, aortic valve; MV, mitral valve; TV, tricuspid valve; PV, pulmonary valve.
* Valves which were not mentioned (unknown) were considered normal.

All survivors with valvular abnormalities (N=169)

72
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Figure 2. All 5-year survivors of childhood cancer with 1 or more echocardiographic valvular abnormalities.
Abbreviations: N, number; TV, tricuspid valve; MV, mitral valve; PV, pulmonary valve; AV, aortic valve
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Table 2B. Patient characteristics of all included 5-year survivors and survivors with echocardiographic valvular abnormalities

Characteristic All CCS with 
echocardio-

gram

All CCS with 
valvular 

abnormalities

All CCS 
with TV 

abnormalities

All CCS 
with MV 

abnormalities

All CCS 
with PV 

abnormalities

All CCS 
with AV 

abnormalities

Number 545 169 119 73 17 16

LVSF (%)

Median (range) 33.3 (7.1-62.5) 31.9 (14.0-50.0) 31.1 (16.2-45.8) 31.8 (14.0-50.0) 35.1 (20.4-43.6) 34.9 (22.2-40.4)

LVSF abnormal

<30% 138 (25.3) 63 (37.3) 47 (39.5) 31 (42.5) 6 (35.3) 6 (37.5)

≥30% 404 (74.1) 106 (62.7) 72 (60.5) 42 (57.5) 11 (64.7) 10 (62.5)

missing 3 (0.6) - - - - -

Cardiotoxic treatment

Anthracycline only* (± other 
therapy)†

364 (66.8) 91 (53.8) 66 (55.5) 37 (50.7) 11 (64.7) 4 (25.0)

Cardiac irradiation only‡ (± other 
therapy)†

109 (20.0) 50 (29.6) 30 (25.2) 24 (32.9) 5 (29.4) 10 (62.5)

Anthracycline & cardiac 
irradiation (± other therapy)†

72 (13.2) 28 (16.6) 23 (19.3) 12 (16.4) 1 (5.9) 2 (12.5)

Anthracyclines

None 109 (20.0) 50 (29.6) 30 (25.2) 24 (32.9) 5 (29.4) 10 (62.5)

Any 436 (80.0) 119 (70.4) 89 (74.8) 49 (67.1) 12 (70.6) 6 (37.5)

Cum anthracycline dose (mg/m2)

Median (range) 270 (40-750) 280 (40-420) 270 (40-720) 300 (50-720) 360 (150-450) 375 (120-500)

Cardiac irradiation

None 364 (66.8) 91 (53.8) 66 (55.5) 37 (50.7) 11 (64.7) 4 (25.0)

Any 181 (33.2) 78 (46.2) 53 (44.5) 36 (49.3) 6 (35.3) 12 (75.0)

Cardiac irradiation dose in EQD2 
(Gy)

Median (range) 24.2 (3.7-53.6) 25.0 (3.7-53.6) 26.2 (14.3-53.6) 27.0 (3.7-53.6) 23.5 (17.6-32.2) 25.0 (9.5-41.1)

Localization of cardiac irradiation

Thorax§ 62 (11.4) 34 (20.1) 24 (20.2) 15 (20.5) 3 (17.6) 8 (50.0)

Abdomen¥ 44 (8.1) 15 (8.9) 6 (5.0) 9 (12.3) 1 (5.9) 1 (6.2)

Spine 57 (10.5) 20 (11.8) 16 (13.4) 7 (9.6) 2 (11.8) 3 (18.8)

TBI 18 (3.3) 9 (5.3) 7 (5.9) 5 (6.8)) - -

Follow-up since primary cancer diagnosis at cardiac 
assessment (years)

Median (range) 14.9 (5.1-36.8) 16.3 (5.6-36.1) 16.3 (5.7-35.1) 17.1 (5.6-36.1) 16.0 (8.2-28.5) 21.5 (11.3-32.4)

Attained age at cardiac assessment

Median (range) 22.0 (7.0-49.7) 23.4 (16.1-44.3) 22.9 (16.2-43.1) 24.0 (17.1-44.3) 22.7 (16.2-31.2) 29.4 (19.9-44.3)

Abbreviations: N, number; AV, aortic valve; MV, mitral valve; TV, tricuspid valve; PV, pulmonary valve. 
*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, irradiation of the left axilla and inverted Y. §Thorax includes radiotherapy 
to the left lung, mantle field, mediastinum and/or left axilla irradiation. ¥ Abdomen includes radiotherapy to 
whole abdomen, left kidney, inverted Y and para-aortic lymph nodes
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four radiation fields, e.g. radiation dose delivered 

to the thorax or abdomen, and the development 

of valvular abnormalities, was investigated. For 

all valvular abnormalities combined and mitral 

valvular abnormalities separately both dose to the 

thorax and TBI were significantly associated with 

a higher risk of developing a valvular abnormality, 

as was CHD. The OR for cardiac irradiation dose to 

the thorax was 1.48 per 10 Gy (95%CI:1.13-1.93, 

P=0.004), TBI irradiation dose OR 2.04 per 10 Gy 

(95%CI:1.12-3.70, P=0.019) and for CHD the OR was 

3.43 (95%CI:1.02-11.6, P=0.046) respectively. For 

tricuspid valve abnormalities, the same associations 

were found but there was an additionally significant 

association with spinal irradiation dose (OR 1.30 

per 10 Gy (95%CI:1.05-3.55, P=0.03).

No evidence of an interaction between cardiac 

irradiation dose and CHD was found when adding 

the interaction term to the model, (OR 1.73; (95%CI; 

0.24-12.37, P=0.59) for all valvular abnormalities 

combined, and OR 0.54 (95%CI; 0.11-2.73, P=0.46) 

and OR 5.34 (95%CI; 0.40-71.19, P=0.21) for mitral 

and tricuspid valve abnormalities respectively).  

DISCUSSION
Echocardiographic valvular abnormalities were 

observed in 31% of 5-year CCS after a median 

follow-up of nearly 15 years and at a median 

attained age of 22 years. The most common 

valvular disorders were tricuspid (21.8%) and mitral 

valve abnormalities (13.4%). The most important 

determinants for developing valvular abnormalities 

were higher cardiac irradiation dose and localization 

of cardiac irradiation, especially thoracic irradiation, 

and TBI. Also, the presence of CHD was associated 

with a higher risk of developing a valvular disorder. 

We found no evidence that sex, anthracyclines, or 

other chemotherapy such as cyclophosphamide, 

Table 2B. Patient characteristics of all included 5-year survivors and survivors with echocardiographic valvular abnormalities

Characteristic All CCS with 
echocardio-

gram

All CCS with 
valvular 

abnormalities

All CCS 
with TV 

abnormalities

All CCS 
with MV 

abnormalities

All CCS 
with PV 

abnormalities

All CCS 
with AV 

abnormalities

Number 545 169 119 73 17 16

LVSF (%)

Median (range) 33.3 (7.1-62.5) 31.9 (14.0-50.0) 31.1 (16.2-45.8) 31.8 (14.0-50.0) 35.1 (20.4-43.6) 34.9 (22.2-40.4)

LVSF abnormal

<30% 138 (25.3) 63 (37.3) 47 (39.5) 31 (42.5) 6 (35.3) 6 (37.5)

≥30% 404 (74.1) 106 (62.7) 72 (60.5) 42 (57.5) 11 (64.7) 10 (62.5)

missing 3 (0.6) - - - - -

Cardiotoxic treatment

Anthracycline only* (± other 
therapy)†

364 (66.8) 91 (53.8) 66 (55.5) 37 (50.7) 11 (64.7) 4 (25.0)

Cardiac irradiation only‡ (± other 
therapy)†

109 (20.0) 50 (29.6) 30 (25.2) 24 (32.9) 5 (29.4) 10 (62.5)

Anthracycline & cardiac 
irradiation (± other therapy)†

72 (13.2) 28 (16.6) 23 (19.3) 12 (16.4) 1 (5.9) 2 (12.5)

Anthracyclines

None 109 (20.0) 50 (29.6) 30 (25.2) 24 (32.9) 5 (29.4) 10 (62.5)

Any 436 (80.0) 119 (70.4) 89 (74.8) 49 (67.1) 12 (70.6) 6 (37.5)

Cum anthracycline dose (mg/m2)

Median (range) 270 (40-750) 280 (40-420) 270 (40-720) 300 (50-720) 360 (150-450) 375 (120-500)

Cardiac irradiation

None 364 (66.8) 91 (53.8) 66 (55.5) 37 (50.7) 11 (64.7) 4 (25.0)

Any 181 (33.2) 78 (46.2) 53 (44.5) 36 (49.3) 6 (35.3) 12 (75.0)

Cardiac irradiation dose in EQD2 
(Gy)

Median (range) 24.2 (3.7-53.6) 25.0 (3.7-53.6) 26.2 (14.3-53.6) 27.0 (3.7-53.6) 23.5 (17.6-32.2) 25.0 (9.5-41.1)

Localization of cardiac irradiation

Thorax§ 62 (11.4) 34 (20.1) 24 (20.2) 15 (20.5) 3 (17.6) 8 (50.0)

Abdomen¥ 44 (8.1) 15 (8.9) 6 (5.0) 9 (12.3) 1 (5.9) 1 (6.2)

Spine 57 (10.5) 20 (11.8) 16 (13.4) 7 (9.6) 2 (11.8) 3 (18.8)

TBI 18 (3.3) 9 (5.3) 7 (5.9) 5 (6.8)) - -

Follow-up since primary cancer diagnosis at cardiac 
assessment (years)

Median (range) 14.9 (5.1-36.8) 16.3 (5.6-36.1) 16.3 (5.7-35.1) 17.1 (5.6-36.1) 16.0 (8.2-28.5) 21.5 (11.3-32.4)

Attained age at cardiac assessment

Median (range) 22.0 (7.0-49.7) 23.4 (16.1-44.3) 22.9 (16.2-43.1) 24.0 (17.1-44.3) 22.7 (16.2-31.2) 29.4 (19.9-44.3)

Abbreviations: N, number; AV, aortic valve; MV, mitral valve; TV, tricuspid valve; PV, pulmonary valve. 
*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, irradiation of the left axilla and inverted Y. §Thorax includes radiotherapy 
to the left lung, mantle field, mediastinum and/or left axilla irradiation. ¥ Abdomen includes radiotherapy to 
whole abdomen, left kidney, inverted Y and para-aortic lymph nodes
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Table 3. Multivariable logistic regression analyses of potential determinants of relevant echocardiographic 
valvular abnormalities.*

Determinant All valvular 
abnormalities 

(N=169)

Tricuspid valve 
abnormalities 

(N=119)

Mitral valve 
abnormalities 

(N=73)

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

Sex (female vs. male) 1.24 (0.84-1.81) .28 1.18 (0.77-1.79) .45 1.25 (0.74-2.08) .40

Age at diagnosis (per year) 1.05 (1.00-1.10) .04 1.02 (0.97-1.07) .51 1.04 (0.98-1.11) .20

Anthracycline (per 100 mg/m2) 1.08 (0.92-1.26) .35 1.07 (0.90-1.26) .40 1.21 (0.99-1.48) .07

Cyclophosphamide (yes vs. no) 1.09 (0.67-1.76) .73 1.14 (0.67-1.93) .63 0.96 (0.50-1.87) .91

Ifosfamide (yes vs. no) 1.00 (0.52-1.96) .99 1.31 (0.65-2.65) .45 0.97 (0.39-2.41) .97

Vincristine (yes vs. no) 0.97 (0.51-1.85) .94 0.99 (0.49-1.99) .98 0.69 (0.32-1.51) .36

Cisplatin (yes vs. no) 0.56 (0.21-1.54) .26 0.61 (0.20-1.85) .39 0.37 (0.09-1.63) .19

Radiotherapy (EQD2 per 10 Gy)† 1.33 (1.11-1.60) .002 1.30 (1.07-1.58) .008 1.35 (1.07-1.69) .01

Cong. heart disease (yes vs. no) 3.79 (1.15-12.5) .03 0.79 (0.17-3.71) .76 4.11 (1.14-14.9) .03

Model 2

Sex (female vs. male) 1.23 (0.84-1.81) .30 1.17 (0.76-1.78) .48 1.23 (0.73-2.06) .44

Age at diagnosis (per year) 1.04 (0.99-1.09) .91 1.00 (0.95-1.06) .94 1.03 (0.97-1.10) .32

Anthracycline (per 100 mg/m2) 1.09 (0.93-1.27) .29 1.11 (0.93-1.31) .25 1.21 (0-98-1.49) .07

Cyclophosphamide (yes vs. no) 0.97 (0.58-1.61) .91 0.95 (0.54-1.66) .86 0.83 (0.41-1.69) .61

Ifosfamide (yes vs. no) 0.87 (0.43-1.73) .68 1.05 (0.51-2.19) .89 0.82 (0.32-2.09) .67

Vincristine (yes vs. no) 0.94 (0.48-1.82) .85 1.04 (0.51-2.13) .92 0.64 (0.28-1.44) .28

Cisplatin (yes vs. no) 0.56 (0.20-1.54) .26 0.66 (0.22-2.03) .47 0.36 (0.08-1.60) .18

RTX thorax (EQD2 per 10 Gy)† 1.48 (1.13-1.93) .004 1.49 (1.14-1.96) .004 1.45 (1.07-1.96) .017

RTX abdomen (EQD2 per 10 Gy)† 1.19 (0.89-1.61) .24 0.93 (0.64-1.33) .68 1.30 (0.91-1.87) .16

RTX spine (EQD2 per 10 Gy)† 1.22 (0.96-1.55) .10 1.30 (1.00-1.67) .046 1.15 (0.83-1.60) .40

RTX TBI (EQD2 per 10 Gy)† 2.04 (1.12-3.70) .019 1.93 (1.05-3.55) .03 2.34 (1.19-4.60) .015

Cong. heart disease (yes vs. no) 3.43 (1.02-11.6) .046 0.65 (0.13-3.15) .59 3.63 (0.98-13.9) .053

Abbreviations: N, number; OR, Odds ratio; CI, confidence interval; P, p-value; vs., versus; EQD2, equivalent 
dose in 2-Gy fractions; Gy, Gray; Cong., congenital; RTX, radiotherapy; TBI, total body irradiation.
*corrected for time since primary cancer diagnosis until cardiac assessment. †Radiotherapy is radiotherapy 
involving the heart region and includes total body irradiation, left or whole abdominal irradiation, spinal 
irradiation, thoracic irradiation, and inverted Y.

ifosfamide, cisplatin or vincristine played a role in the development of valvular disorders. 

There is a suggestion that older age at diagnosis was associated with the development of 

a valvular abnormality. The prevalence of 31% clinically relevant echocardiographic valvular 

disorders in this young population is of great concern. It is important to note that the 

ORs from the logistic regressions can not be interpreted as relative risks due to the high 

prevalence of valvular abnormalities.

Irradiation involving the heart region was the most important risk factor for developing 

a valvular disorder. We used the EQD2 as cardiac irradiation dose instead of the physical 
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dose given. Converting the physical dose into the EQD2 enabled us to compare different 

fractionation schedules that have been used uniformly over time. 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.29,30 

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

dose to the heart region. It was, however, possible to evaluate in the multivariable logistic 

analyses the cardiac irradiation dose to the four different radiation fields involving the 

heart region (thorax, abdomen, spine and TBI). Only the dose to the thorax and TBI were 

significantly associated with an increased risk of developing a valvular disorder. Although 

not significant, the risk of developing valvular abnormalities seems to be increased after 

abdominal or spinal irradiation. For tricuspid valve abnormalities the radiation dose to the 

spine was significantly increased, this can be anatomically explained as the tricuspid valve 

is right in front of the spine, and will receive the highest dose of spinal irradiation as 

compared to the other valves.

The pathophysiology of the increased incidence of valvular disease after cardiac irradiation 

is not well understood and cannot be explained as a result of microvascular damage as 

ischemic heart disease, because the heart valves are avascular.14 Most likely, irradiation 

injures the valves so that the cusps or leaflets of the valves thicken, develop fibrosis and 

calcify. Similarly, the chordae tendineae, which control valve leaflet movements, can 

thicken and shorten. Valves that are unable to close completely permit the leakage of 

blood in a retrograde fashion, producing regurgitation murmurs. Sometimes, the valve 

orifice is narrowed simultaneously by fibrosis, thus impeding the blood flow and producing 

a murmur of stenosis.14 The physical examination of the heart was not included in the 

results and the analyses, as auscultation has shown to have a limited specificity and a low 

positive predictive value.21

Thus far, only a few studies have evaluated the risk of valvular disease in childhood cancer 

survivors.5,16,20 Hancock et al investigated especially the causes of cardiac mortality but 

also the prevalence of non fatal cardiac abnormalities in children treated for Hodgkin’s 

disease. They found a low prevalence of valvular abnormalities, however it is unclear if the 

ascertainment of asymptomatic valvular disease was complete.20 Adams et al evaluated 

the cardiac status of 48 childhood Hodgkin survivors. They found that 42.6% had at least 

one valvular abnormality. In this study, all survivors had received mediastinal irradiation, 

in contrast to our study, where only 33% of the study cohort has received cardiac 

irradiation. Furthermore, both the irradiation dose and the age at treatment differed from 

our study (median 40 versus 25.0 Gy (EQD2=24.2 Gy) and median age 16.5 versus 7.6 

years, respectively).16 Mulrooney et al performed an excellent study to investigate the 

risk of cardiac events in a large cohort of CCS. They evaluated the cumulative incidence 

and associated risk factors of developing symptomatic valvular disease. By means of 

questionnaires, they found a nearly 5-fold higher relative hazard of valvular abnormalities 

in CCS compared with sibling controls and a prevalence of 1.6% of stiff or leaking heart 
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valves.5 This prevalence is largely similar to that in our unpublished study (cumulative 

incidence 0.6% at 30 years), in which we identified all CCS with symptomatic valvular 

heart disease by medical follow-up and visits to our outpatient clinic. We used strict criteria 

and included only survivors with signs and symptoms of valvular disease and medication 

or valvular surgery.7 The prevalence of symptomatic valvular heart disease that we found, 

is remarkably lower than the prevalence of echocardiographic valvular abnormalities 

shown in our present study, because mostly asymptomatic cases are identified. We have 

assumed that mild or moderate echocardiographic valvular abnormalities could be clinical 

relevant, similar to other studies on this subject.16,21 However, longer follow-up studies are 

necessary to show if the valvular abnormalities worsen over time and if these survivors will 

develop symptomatic valvular disease in the future. 

Other studies on mostly symptomatic valvular abnormalities in survivors of Hodgkin’s 

disease focused on the whole age range including both children and adults, or only adults, 

and with different follow-up times.33,34 They identified significantly increased incidences 

of valvular abnormalities associated with cardiac irradiation. A study which focused on 

asymptomatic valvular disease in adults treated for Hodgkin’s lymphoma with mediastinal 

irradiation, showed a high prevalence of different valvular abnormalities, especially aortic 

valvular disease, whereas our study mainly identified tricuspid and mitral valve abnormalities. 

This might be linked to the fact that for Hodgkin’s lymphoma mainly mediastinal irradiation 

is used, while for other childhood malignancies other types of thoracic irradiation, such as 

lung irradiation, are common.21

In contrast to Mulrooney et al, we found no evidence that treatment with anthracyclines 

or higher dose of anthracyclines was associated with a higher risk of developing valvular 

disease.5 This can be due to the fact that we did not use a control group, so the effect of 

anthracyclines was compared to that of the much stronger effect of cardiac irradiation. 

Furthermore, there was also no evidence that other chemotherapeutic agents such as 

cyclophosphamide, ifosfamide, cisplatin or vincristine played a role in the development 

of valvular abnormalities. However role of these chemotherapeutical agents were not the 

objective of the present study. 

Early recognition and treatment of valvular abnormalities allow survivors to have longer 

and more symptom-free lives. Early intervention (if necessary) could also help to minimize 

additional damage to the cardiovascular system associated with the lifestyle of the Western 

society. Furthermore, patients with significant valvular disease may require prophylactic 

antibiotics when undergoing specific procedures that are known to cause bacteraemia and 

could lead to endocarditis.18

Strengths of our study are the limited risk of selection bias as we were able to evaluate 

echocardiographic valvular abnormalities in a near complete cohort of CCS, treated for 

all childhood malignancies, the limited risk of detection bias, as all echocardiographic 

measurements were performed in one institute by using the same screening protocol by 

cardiologists blinded for specific treatment. Finally, we succeeded in retrieving complete 
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and detailed treatment data, including cumulative doses of anthracyclines and cardiac 

irradiation.

Our study also has some limitations. In order to avoid selection bias we used the results 

of the first echocardiographic measurement, at least 5 years after diagnosis. 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. However, this will be the focus of our next 

study, when we have multiple echocardiographic examinations per survivor at different 

fixed time points. Additionally, to diminish the risk of intra-observer variability bias, 

echocardiographic measurements were repeated multiple times, but we did not assess 

the extent of inter-observer bias .Furthermore, we were not able to perform multivariable 

logistic regression analyses for aortic valve and pulmonary valve disorders, due to small 

number of events. In addition, we could not compare the prevalence of valvular disorders 

to that of the general population, as those figures were not available.   Lastly, we might 

have underestimated the risk of developing valvular abnormalities, as we defined valves 

which were not mentioned in the echocardiographic report, as normal.

In conclusion, more than 31% of 5-year CCS treated with cardiac irradiation and/or 

anthracyclines had one or more relevant echocardiographic valvular abnormality at the 

first evaluation at least 5-years after diagnosis at our Outpatient Clinic for Late Effects of 

Treatment for Childhood Cancer. The most important risk factors for developing a valvular 

abnormality were higher cardiac irradiation dose (especially thoracic irradiation, and TBI), 

and CHD. There is a suggestion that older age at diagnosis also play a role. We found 

no evidence that anthracyclines or other chemotherapeutic agents increased the risk of 

developing valvular abnormalities. Future studies should focus on the evaluation of valvular 

abnormalities over time in CSS treated with radiotherapy involving the heart region. 
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APPENDIX
Table A1. Congenital heart disease in all 5-year survivors of childhood cancer with cardiac assessment*

Survivors with congenital heart disease†

Without valvular defect With valvular defect

Atrial septum defect 2 2 4

Ventricular septum defect 2 1 3

ASD & VSD 0 1 1

Bicuspid aortic valve 1 3 4

Total 4 8 12

Abbreviations: 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). 
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