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ABSTRACT
Purpose To evaluate the existing evidence regarding the long-term risk of cardiovascular 

disease (CVD) after radiotherapy for childhood cancer.

Patients and methods MEDLINE and EMBASE were searched for articles reporting on 

radiation-induced CVD after childhood cancer published between 1966 and October 

2002. Information about study design, population, treatment, outcome and risk factors 

were abstracted and the quality of each study was assessed. 

Results Fourteen articles met all the eligibility criteria. Ten studies evaluated clinical 

cardiovascular events (CVE) and 11 cardiovascular mortality (CVM) after cardiac irradiation 

for childhood cancer. Four studies, all in survivors of Hodgkin’s disease, showed a 

significantly increased standardised mortality ratio; a 22- to 68-fold increase compared to 

the general population. No study compared the risk of CVE with the general population. 

Three studies examined the risk of CVD (both CVM and CVE) after radiotherapy compared 

to an unexposed control group, and two showed a significantly increased relative risk. 

Many studies had important methodological limitations, related to completeness of follow-

up, adjustment for other risk factors and outcome assessment in CVE studies.

Conclusions This systematic review demonstrates that the risk of CVM after cardiac 

irradiation for childhood cancer is increased compared to the general population and to 

unexposed patients. The risk of developing clinical CVE and the precise risk factors for 

developing CVE or CVM after radiotherapy remain unclear. New well-designed studies 

are needed to reliably evaluate the long-term risk of CVD following radiotherapy and 

associated risk factors. 
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INTRODUCTION
The introduction of chemotherapy and the advances in radiotherapy in the 1970s have 

greatly improved the cure rates for childhood cancer. Currently, 10-year disease-free 

survival rates approximate 70-80%.1,2 In view of this long-term survival, it is extremely 

important to assess the late effects of treatment. One of the most serious late effects is 

cardiovascular morbidity and mortality.3-5  

Radiation-induced cardiovascular disease (CVD) includes a wide spectrum of cardiac 

pathology.6 cardiomyopathy, coronary artery disease, valvular disease, conduction 

disorders/arrhythmias, autonomic dysfunction and vascular disease. Various risk factors, 

such as higher total radiation dose, higher fractionated radiation dose, increased volume 

of the heart exposed, younger age at diagnosis, longer follow-up time, type of radiation 

source, concomitant cardiotoxic chemotherapy, and other risk factors for cardiovascular 

disease (e.g., smoking, obesity, unfavourable lipid profile) have been suggested to affect 

the risk and type of radiation-induced CVD.6 So far, published studies examining the 

effects of radiotherapy involving the heart region show a wide range of risk estimates for 

various CVD outcomes after treatment for childhood cancer. 

Accurate estimates of the (long-term) cumulative incidence of clinical cardiovascular events 

(CVE) and cardiovascular mortality (CVM) are needed to make decisions about future 

treatment policies to diminish serious late effects in young patients. Moreover, for the 

follow-up of childhood cancer survivors treated in the past, it is crucial to know the risk 

of CVD after radiotherapy and associated risk factors, so that patients at greatest risk can 

be identified, adequate follow-up protocols can be established and preventive measures 

can be taken to reduce the risk of developing CVD. In this systematic review we evaluate 

the best available estimate of the risk of radiation-induced cardiovascular morbidity and 

mortality after treatment for childhood cancer up to many years after treatment.

METHODS

Search for studies

The objective of the literature search was to identify all studies reporting on the frequency 

of CVD after treatment for childhood cancer with radiotherapy involving the heart region. 

First, MEDLINE/PUBMED was searched for potentially relevant articles published from 1966 

to October 2002, and EMBASE from 1980 to October 2002. The sensitive search strategy 

is presented in Table 1. Second, relevant articles which met the following inclusion criteria, 

i.e., 1) original report (all study designs), 2) published in English, Dutch, French or German, 

3) study population of more than 50 children (age £ 18 years) treated with radiotherapy 

involving the heart region, and 4) clinical CVE or CVM as outcome, were selected on the 

basis of the title and abstract by two researchers (HvdP, LK) and retrieved for more detailed 
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information. Third, the bibliographies of all relevant articles and reviews were searched for 

additional references. Finally, all retrieved articles were screened by the two researchers 

to ensure that they described original research and met the inclusion criteria. In case of 

double publication or overlapping data, the most recent study was chosen, or both studies 

were included stating the possible overlap. When uncertainty remained whether an article 

met the inclusion criteria, we tried to obtain the necessary data by e-mail contact with the 

corresponding author. Inter-observer agreement was calculated for the second and fourth 

step of the selection process. In case of disagreement, the abstracts and articles were 

re-examined and discussed until consensus was achieved. If disagreement persisted a third 

author (FvL) was consulted.

Data extraction 

From each selected article, information about study design, original study group, 

described study group, control group, follow-up, treatment (including radiation dose and 

volume), information about clinical CVE and CVM and risk factors was abstracted by two 

researchers (HvdP, LK). When descriptive characteristics and outcomes of children treated 

Table 1. Search strategy for Medline / Pubmed and Embase

1 radiotherapy

2 radiation

3 irradiation

4 x-ray therapy

5 1 or 2 or 3 or 4

6 heart diseases

7 heart

8 coronary vessels

9 arteriosclerosis

10 heart disease

11 pericarditis

12 myocardial infarction

13 cardiac disease

14 ischemic heart disease

15 myocardial ischemia[Text Word]

16 coronary artery

17 coronary artery disease

18 coronary disease

19 heart failure[Text Word]

20 valve

21 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20

22 5 and 21

23 limit 22 to Human, English, French, German, Dutch, All Child: 0-18 years
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with cardiac irradiation were lacking, data of the original study group were used. In case 

of disagreement, articles were re-examined and discussed until consensus was achieved.

Risk of morbidity and mortality of cardiovascular diseases

The risk of clinical CVE and CVM was expressed as cumulative incidence, standardised 

mortality ratio, standardised incidence ratio, absolute excess risk, actuarial risk and relative 

risk. First, the cumulative incidence of clinical CVE was calculated as the number of patients 

developing CVE divided by the total number of patients receiving radiotherapy involving 

the heart region in the study group. We excluded subclinical CVE and recalculated the 

cumulative incidence. The confidence interval was calculated using the CIA program.7 The 

cumulative CVM was calculated in the same fashion. Second, the reported standardised 

mortality ratios (SMR) were calculated as the observed (O) versus expected (E) ratio for 

cardiac mortality in patients treated with radiotherapy involving the heart region. A pooled 

SMR was calculated by adding the O and E numbers of CVM of the individual studies and 

dividing the total O by the total E. Standardised incidence ratios (SIR) were calculated in 

the same fashion as SMRs. Third, when enough data were available, we abstracted or 

calculated the absolute excess risk (AER) by subtracting the E of cases from the O and 

divided this by the number of person years (PY) at risk. This ratio was multiplied by 10.000 

to give the AER per 10.000 PY at risk. Fourth, the actuarial risk was given when data were 

available in which censoring was performed for individuals leaving the cohort because 

of e.g. death or loss-to-follow-up. Fifth, reported relative risks (RR) were abstracted from 

studies comparing risks between children treated with or without radiotherapy involving 

the heart region, or radiotherapy with or without cardiotoxic chemotherapy, or with or 

without possible other risk factors. A risk factor was defined as significant if the lower limit 

of the 95% confidence interval of the relative risk factor was > 1.0.

Validity of the selected studies

To determine the validity of the selected studies, with regard to providing answers to the 

questions of this review, two researchers (HvdP, LK) assessed the external and internal 

validity of the formation of the study group, the follow-up assessments and outcome, and 

the methods used for risk estimation in each study. In case of disagreement, articles were 

re-examined and discussed until consensus was achieved. The validity assessment was 

based on earlier described checklists for observational studies according to Evidence-Based 

Medicine Criteria.8,9

We defined cohort studies as studies in which a group of consecutive patients treated for 

childhood cancer was followed from the start of therapy, or from a similar well-defined 

point in the course of the disease. The study group could be the whole cohort or a part 

of the original cohort, based on well-defined inclusion criteria. The validity assessment 
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of the included studies is only based on the data of the group of children treated with 

radiotherapy to the heart region. The criteria of validity are described in Table 2.

Table 2. Criteria of validity*

1. Study group

• Well-defined (+): if mean, median or range of the radiation dose(s) was mentioned, together with 
radiation field(s) and source

• Representative (+): if it consisted of more than 95% of the whole cohort (from the start of therapy or 
x-year survivors) or a random sample with respect to the radiation dosage

• Follow-up from start of treatment or fixed point after treatment (+): entered cohort at a similar, well-
defined point in the course of disease

2. Follow up

• Well-defined follow-up (+): minimal follow-up of more than 2 years after the start of treatment or a median 
follow up of 3 years after the start of treatment

• Assessment of follow up: complete (++): if the outcome was assessed at the end date of the study for 
more than 90% of the study population. Adequate (+): if the outcome was assessed at the end date 
of the study for 60-90% or more than 90% but with an unknown end date of the study. 

3. Outcome

• Well-defined (+): objective and precise outcome definition

• Blind (+):  if outcome assessors were blinded to the investigated determinant 

4. Risk estimation

• Well-defined (+): if a SMR, AER, AR or RR was calculated for more than 90% of children treated with 
radiotherapy to the heart region

• Adjustment for other factors (+): if important prognostic factors (age, sex, co-treatment) or follow-up 
were taken adequately into account

*SMR indicates standardised mortality ratio; AER, absolute excess risk; AR, actuarial risk and RR, relative risk.

With respect to the validity of the outcome, we defined a clinical CVE as follows: 

pericarditis, cardiomyopathy, congestive heart failure, proven coronary artery disease, 

valvular disease, conduction disorders, arrhythmias or autonomic function disorders. CVM 

was defined as death from any of the above-mentioned CVEs or sudden death. A CVE was 

defined as objective if diagnostic tests or medical records verified a clinical CVE. In case of 

CVM, death certificates had to be obtained and verified in the medical records. Preferably, 

cases were reviewed by cardiologists. 

For the validity assessment of case-control studies, the criteria were slightly adapted with 

regard to the selection of cases and/or controls. Cases and controls had to be selected 

from the same source population.
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RESULTS

Selection of articles

The search strategy yielded 1188 potentially relevant references from the MEDLINE/

PUBMED and EMBASE search, 132 articles were retrieved for more detailed examination. 

The inter-observer agreement for this first selection was 97%. Six additional articles 

were retrieved after searching the bibliographies and reviews. Nine studies from the 138 

retrieved articles met all the inclusion criteria and for 17 studies this remained unclear. 

The inter-observer agreement for this step was 96%. For the remaining 17 studies, an 

effort was made to retrieve the necessary data via e-mail contact. After this we were able 

to include another 5 studies, while 12 studies 4,5,10-19 were excluded for the following 

reasons: no response (n = 3), no extra data available or inability to retrieve old data (n = 

5), inclusion criteria not met (n = 4). We were therefore able to include 14 studies 3,20-32 

in this systematic review. In total 123 studies were excluded for the following reasons: no 

radiotherapy involving the heart region (n = 3), adults only (n = 7), less than 50 children (n 

= 79), review (n = 10), double publication (n = 8), no or unclear outcome or clinical CVD 

as exclusion criterion (n = 8), no distinction possible between adults and children (n = 2), 

radiotherapy unclear (n = 3), unable to retrieve full article (n = 3).

Description of the selected studies

Table 3a presents descriptive characteristics and results of all studies. The risk of clinical 

CVE and CVM after radiotherapy was evaluated in 13 retrospective cohort studies 3,20-31 

and in one cohort with a nested case-control study.32 

Of the 14 retrospective studies, 11 studies 20-25,27,28,30-32 reported on the follow-up of 

children with cancer from the start of treatment and the other 3 studies 3,26,29 included 

survivors of childhood cancer who entered the study cohort at a fixed point after the start 

of treatment. Eight studies included patients with paediatric M.Hodgkin 20,22-24,26-28,31, 3 

studies described the CVD risk after treatment for various tumours 3,21,25 and 3 studies 

reported on Wilms’ tumour patients.29,30,32 Twelve studies described the frequency after 

chest or spinal radiation including the heart region 3,20-28,31,32 and 2 after abdominal 

radiotherapy involving the heart region.29,30 

Other possible cardiotoxic co-treatment (i.e. anthracyclines) was mentioned in 10 studies 
20,21,23-25,27-30,32, percentages of patients treated with anthracyclines varied greatly, 

ranging from 4 to 100%. The follow-up time varied considerably, from 1 to 29 years; also 

the mean or median follow-up showed much variation, ranging from 6.3 to 24.1 years. For 

the 11 cohort studies that reported follow-up 3,20-24,26-29,31, only the follow-up time for 

the whole cohort could be used, because no separate follow-up information was provided 

for the specific group of children included in this review. 
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Table 3a. Description of the selected articles*

Study characteristics
Author
Year of publication
Country of study

Ng20

2002
USA

Mertens3

2001
USA

Kremer21

2001
Netherlands

Lee22

2000
USA

Shah23

1999
USA

Original study 
Design

Setting
Start cohort

cohort
retrospective
multicentre
start therapy

cohort
retrospective
multicentre
> 5 year survival

cohort
retrospective
single centre
start therapy

cohort
retrospective
single centre
start therapy

cohort
retrospective
single centre
start therapy

Original study group
Selection study group
N of patients
Children/all ages
Time-period RT
Partial overlap with 
included studies

whole cohort
1080
<50
1969-1997
Mauch 1995

whole cohort†
20.227
<21
1970-1996
unclear

whole cohort
607
children
1976-1996
no

whole cohort
210
all ages
1970-1986
no

whole cohort
106
children
1970-1995
Hudson 1998

Study group review
N children RT to heart
Location RT

Tumour
Dose RT heart region
Source of RT
Age at diagnose
Age at follow-up
F/M %
N (%) patients ANT
Control group

275‡
mediastinal

M Hodgkin 
median 36#
LA 4-6 MV
≤18
nm
54/46#
46 (16.7%)‡
no

1788
chest involving 
heart region
various
nm
nm
<21
nm
45/55#
nm
population

102
nm

various
nm
nm
≤18
mean 15.4#
43/57#
102 (100%)
within cohort

57
mediastinal

M Hodgkin I-III
range 30-45#
nm
≤18
nm
47/53#
nm
population

93‡
mediastinal

M Hodgkin I-II
range 32-40
cobalt, LA 4-6 MV
<22.7/med:14.7#
nm
42/58#
22 (21%)#
population

Follow-up (years)
Duration

Completion of follow-up
End date of study

for survivors:
median 12#
99.3%#
nm

range 5-29#

91%#
yes

≤21.7#
mean 6.3#
97%#
yes

≤26.5#

99.5%#
yes

median 13.3#
range 1.9-24.2#
>90%#
yes

Cardiac event
Definition

Method of detection

N (cum inc CVE%) (CI)

3AR, 4MI, 5AP, 
3VA, 2 unclear‡

medical 
records‡

15 (5.5%)
(2.7-8.1)

nm CHF

medical 
records, 
questionnaires
and verification
4 (4%) (1.1-9.7)

3MI, 10 other 
(PC, VA, AR, 
CHF) 
medical records
phone calls

13 (22.8%)
(11.9-33.7)

nm

Cardiac mortality
Definition

Method of detection

N (cum inc CVM%) (CI)

fatal MI (or 
other cardiac 
death)
medical records
and 
verification‡
1 (0.4%)
(0.01-2.0)

cardiac 
mortality

medical records,
death 
certificates
26 (1.5%)‡
(0.89-2.0)

cardiac 
mortality (CHF)

medical records

0 (0%) (0-3.6)

cardiac 
mortality

medical records,
phone calls

nm

fatal MI, sudden 
death

death certificates,
questionnaires

3 (3.2%)
(0.66-9.1)
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Table 3a continued

Study characteristics
Author
Year of publication
Country of study

Hudson24

1998
USA

Krischer25

1997
USA

King26

1996
USA

Mauch27

1995
USA

Hancock28

1993
USA

Original study 
Design

Setting
Start cohort

cohort
retrospective
single centre
start therapy

cohort
retrospective
multicentre
start therapy

cohort
retrospective
single centre
>3 year survival

cohort
retrospective
multicentre
start therapy

cohort
retrospective
multicentre
start therapy

Original study group
Selection study group
N of patients
Children/all ages
Time-period RT
Partial overlap with 
included studies

whole cohort
387
<25.4
1968-1990
Shah 1999

whole cohort
6493
children
1974-1990
no

whole cohort
326
all ages
1954-1989
no

whole cohort
794
all ages
1969-1988
Ng 2002

whole cohort
635
<21
1961-1991
no

Study group review
N children RT to heart
Location RT

Tumour
Dose RT heart region
Source of RT

Age at diagnose

Age at follow-up
F/M %
N (%) patients ANT
Control group

365‡
mediastinal

M Hodgkin I-IV
range 20-44#
cobalt, LA 4-6 
MV
<25.4 median 
14.4
nm
43/57#
83 (22.7%)‡
population

585
mediastinal, 
spine
various
nm
nm

median 5.7

nm
37/59#
585 (100%)
no

114
mediastinal

M Hodgkin
nm
cobalt, LA 4-6 
MV
<21

nm
51/49#
nm
population

153
mediastinal

M Hodgkin
range 35-45#
LA 4-6 MV
 
<17

nm
44/56#
43 (5.5%)#
population

566
mediastinal

M Hodgkin
<15>44
LA

<21

nm
45/55#
82 (13%)#
population

Follow-up (years)
Duration

Completion of follow-up
End date of study

for 316 
survivors:
15.1#
60-90%
yes

nm 12.6#

97%#
yes

10.9#

nm
nm

10.3#

60-90%
yes

Cardiac event
Definition

Method of detection

N (cum inc CVE%) (CI)

nm CHF, sudden 
death

medical records, 
data bases

4 (0.7%)
(0.19-1.7)

4MI, 1AP

medical 
records, 
verification
5 (4.4%) 
(1.4-9.9)

nm 3MI, 6VA, 3AP, 
3CHF, 52PC, 
2AR, 5unclear
medical records, 
questionnaires

69 (12.2%)
(9.5-14.9)

Cardiac mortality
Definition

Method of detection

 
N (cum inc CVM%) (CI)

fatal MI, 
sudden death
medical records,
questionnaires

6 (1.6%) (0.34-
2.95)

see cardiac 
event

fatal MI

medical 
records, death 
certificates
2 (1.8%) 
(0.21-6.2)

fatal MI, sudden 
death, CHF
nm

0 (0%) (0-2.4)

fatal MI, other 
cardiac death
medical records, 
questionnaires, 
verification
12 (2.1%) (0.9-3.3)
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Table 3a continued

Study characteristics
Author
Year of publication
Country of study

Evans29

1991
USA

Thomas30

1988
USA

Greenwood31

1974
USA

Green32

2001
USA

Original study 
Design

Setting
Start cohort

cohort 
retrospective
multicentre
> 5 year 
survival

cohort
not clear
multicentre
start therapy

cohort
retrospective
single centre
start therapy

nested case control
retrospective
multicentre
start therapy

Original study group
Selection study group
N of patients
Children/all ages
Time-period RT
Partial overlap with   
     included studies

87% of cohort
680
children
1969-1979
Thomas 1988

whole cohort
303
children
1974-1979
Evans 1991

whole cohort
86
children
1955-1972
No

whole cohort
2710
children
1969-1994
Evans 1991/Thomas 1988

Study group review
N children RT to heart
Location RT

Tumour
Dose RT heart region
Source of RT
Age at diagnose
Age at follow-up
F/M %
N (%) patients ANT
Control group

486
abdominal 
including spine
Wilms tumour
18-40#
nm
≤16#
nm
nm
146 (30)
no

303
abdominal 
including spine
Wilms tumour
18-40
nm
≤16
nm
nm
11(4)
no

86
mediastinal

M Hodgkin
<50
ortho/
supravoltage
nm
nm
nm
nm

30 of 35 cases
left abdomen or lung radiation

Wilms tumour
10.5-49§
nm
mean 4.3 (1.1-10.4)§
mean 11.7 (2.4-21.8)§
70/30§
2710(100%) cum dos mean 328.6#
within cohort

Follow-up (years)
Duration

Completion of follow-up
End date of study

6.7-8.1#

nm
nm

nm

nm
nm

>1

nm
nm

FUP to CHF: mean 7,4§
range 1.3-19.9§
100%§
yes

Cardiac event
Definition

Method of detection

N (cum inc CVE%) (CI)

cardiac lesion
CHF
medical records, 
questionnaires
27 (5.6%)
(3.5-7.6)

pericarditis

medical records,
questionnaires
1 (0.3%) (0-1.8)

pericarditis

medical records 
and verification
6 (7%) 
(1.6-12.4)

CHF

medical records,
questionnaires
nm

Cardiac mortality
Definition

Method of detection

N (cum inc CVM%) (CI)

nm cardiac 
mortality
(pericarditis)
medical records,
questionnaires
0 (0%) (0-1.2)

cardiac 
mortality
(pericarditis)
medical records 
and verification
3 (3.5%) 
(0.7-9.9)

nm
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Risk estimation for clinical CVE and CVM

The cumulative incidence for CVE and CVM are presented in Table 3A. The risk estimations 

of clinical CVE and CVM are presented in Table 3B. The cumulative incidence of clinical 

CVE after radiotherapy could be assessed in 9 studies,20-22, 25, 26, 28-31 and ranged from 0.3 

to 22.8%. Estimation of standardised incidence ratios (SIR) for clinical CVE could not be 

performed because incidence rates for CVE were not available for the general population 

in any of the studies examined.

The cumulative CVM after radiotherapy involving the heart region could be assessed 

in 11 studies,3,20-24,26-28,30,31 and ranged from 0 to 3.5%. In six studies of paediatric 

M.Hodgkin22-24,26-28  we were able to calculate SMRs (Figure 1) taking into account follow-

up time, age and gender. The SMRs ranged between 0 and 68. In 4 studies the SMR was 

significantly increased.23,24,26,28 The pooled SMR of 28.4 was based on 4 studies.24,26-28 In 

# Data of the whole cohort.
† Treatment data available for 64% of the cohort‡.
‡ Personal communication with authors.
§ For cases only.

*LA indicates linear accelerator; AR, arrthymia; MI, myocardial infarction; AP, angina pectoris; VA, valvular 
abnormalities; CHF, congestive heart failure; PC, pericarditis; N, number (of patients); cum inc CVE, cumulative 
incidence of cardiovascular events; cum inc CVM, cumulative incidence of cardiovascular mortality; nm, 
not mentioned; SMR, standardised mortality ratio; CI, 95% confidence interval; RT, radiotherapy; ANT, 
anthracyclines; F, female; M, male and FUP, follow-up.

Figure 1. Standardised 
Mortality Ratio (SMR)*
*SMR indicates standardised 
mortality ratio and CI, 95% 
confidence interval.

Authors

Pooled SMRHancock
28

Mauch
27

King
26

Hudson
24

Shah
23

Lee
22

200

175

150

125

100

75

50

25

0

CI High

CI Low

SMR
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1 study the actual O and E of CVM were not given,22 and 1 study23 had extensive overlap 

in study population with another study.24 Only 1 study evaluated the evolution of the SMR 

based on small numbers over follow-up time.28 Although no clear trends in CVM over 

follow-up time were apparent, the risk appeared to be increased for at least 20 years after 

treatment. In 3 studies, the provided SMRs were based on the entire study population of 

children instead of only on the children with cardiac irradiation.23,24,28

We were able to calculate the AER in 4 studies,24,26-28 ranging from –0.4 to 17.7 excess 

cardiac deaths after radiotherapy per 10,000 person-years, corrected for age, gender, 

race and calendar period. Actuarial risks for CVM were given in only 2 studies24,28 and 

appeared to increase from 0.3 % at 10 years to 10.2% after 25 years. 

Table 3b. Risk estimation*

Author
Year of publication
Country of study

Mertens3

2001
USA

Kremer21

2001
Netherlands

Lee22

2000
USA

Shah23

1999
USA

Hudson24

1998
USA

King26

1996
USA

Mauch27

1995
USA

Hancock28

1993
USA

Green32

2001
USA

SMR (CI)
Corrected for

nm nm 44.2 (nm)
age, sex

68 (14-199)#
age, sex, 

calendar period

22.2 (8.1-48.8)#
age, sex, 

calendar period

38.2 (0-91.1)
age, sex, race

0 (0-44.8)
age, sex

29.6 (16.0-49.3)#
age, sex, race

nm

AER (CI)
Corrected for

nm nm nm nm 10.2#
age, sex, calendar 

period

13.7†
age, sex, race

-0.4
age, sex

17. 7#
age, sex, race

nm

Actuarial risk nm nm nm nm cardiac  mortality
10 yr 0.3% 

(0-0.8)# 20 yr 
2.9% (0.2-5.5)#

nm nm cardiac  mortality
RT  25 yr 10.2%#
RT+CT 25 yr 12%#

nm

RR within cohort
Corrected for

cardiac mortality
age at diagnosis, 

follow-up, sex

cardiac event 
follow-up time

nm nm nm nm nm nm cardiac event, matched for anthracycline, 
time at risk, cohort

RR (CI) p-value RT+/RT- 2.2 RT+/RT- 1.75 continuous treatment variables

 (1.2-4.4) p<.05 (0.56-5.43) p.34 female/male 4.5 (1.6-12.6)‡ p.004

ANT, 100 mg/m2 3.2 (1.8-5.7)‡ p<.001

lung RT, 10 Gy 1.6 (1.1-2.7) p.062

left abd, 10 Gy 1.8 (1.1-2.7) p.02

right abd, 10 Gy 0.94 (0.66-1.3) p.770

categorical treatment variables

female/male 3.7 (1.4-9.3) p.006

ANT >300 mg/m2 5.0 (1.3-19) p.02

lung RT >20 Gy 3.1 (0.5-19) p.21

left abd RT 3.5 (1.2-10) p.02

# Data for the whole cohort.
† Calculated by authors.
‡ Data for all cases.
*nm indicates not mentioned; SMR, standardised mortality ratio; AER, absolute excess risk; RR, relative risk; 
CI, 95% confidence interval; RT, radiotherapy; CT, chemotherapy; ANT, anthracyclines; yr, year; Gy, Gray and 
abd, abdomen.

70



Chapter

4

The RR of radiation compared to no radiation to develop CVE or CVM was evaluated in 

3 studies,3,21,32 while the influence of other risk factors for CVD was taken into account. 

For CVM there was a significantly increased risk of 2.2 (p<0.05) for patients who received 

radiotherapy involving the heart region, adjusted for gender, age at diagnosis and follow-

up time.3 In the case-control study,32 in a multiple regression analysis of continuous 

treatment variables, the RR of clinical CVE associated with radiotherapy to the heart region 

was increased for every 10 Gray to the lung or for every 10 Gray to the left abdomen. 

The RR was also increased for female patients compared to male patients and for each 

additional dose of 100 mg/m2 of anthracyclines. The multiple regression analysis of 

categorical treatment variables demonstrated the same trends of increasing risk with 

anthracycline doses above 300mg/m2. Patients who received left or whole abdomen or 

lung radiation had a higher risk of congestive heart failure than patients who received 

either no radiotherapy or radiotherapy to the right abdomen. 

Table 3b. Risk estimation*

Author
Year of publication
Country of study

Mertens3

2001
USA

Kremer21

2001
Netherlands

Lee22

2000
USA

Shah23

1999
USA

Hudson24

1998
USA

King26

1996
USA

Mauch27

1995
USA

Hancock28

1993
USA

Green32

2001
USA

SMR (CI)
Corrected for

nm nm 44.2 (nm)
age, sex

68 (14-199)#
age, sex, 

calendar period

22.2 (8.1-48.8)#
age, sex, 

calendar period

38.2 (0-91.1)
age, sex, race

0 (0-44.8)
age, sex

29.6 (16.0-49.3)#
age, sex, race

nm

AER (CI)
Corrected for

nm nm nm nm 10.2#
age, sex, calendar 

period

13.7†
age, sex, race

-0.4
age, sex

17. 7#
age, sex, race

nm

Actuarial risk nm nm nm nm cardiac  mortality
10 yr 0.3% 

(0-0.8)# 20 yr 
2.9% (0.2-5.5)#

nm nm cardiac  mortality
RT  25 yr 10.2%#
RT+CT 25 yr 12%#

nm

RR within cohort
Corrected for

cardiac mortality
age at diagnosis, 

follow-up, sex

cardiac event 
follow-up time

nm nm nm nm nm nm cardiac event, matched for anthracycline, 
time at risk, cohort

RR (CI) p-value RT+/RT- 2.2 RT+/RT- 1.75 continuous treatment variables

 (1.2-4.4) p<.05 (0.56-5.43) p.34 female/male 4.5 (1.6-12.6)‡ p.004

ANT, 100 mg/m2 3.2 (1.8-5.7)‡ p<.001

lung RT, 10 Gy 1.6 (1.1-2.7) p.062

left abd, 10 Gy 1.8 (1.1-2.7) p.02

right abd, 10 Gy 0.94 (0.66-1.3) p.770

categorical treatment variables

female/male 3.7 (1.4-9.3) p.006

ANT >300 mg/m2 5.0 (1.3-19) p.02

lung RT >20 Gy 3.1 (0.5-19) p.21

left abd RT 3.5 (1.2-10) p.02

# Data for the whole cohort.
† Calculated by authors.
‡ Data for all cases.
*nm indicates not mentioned; SMR, standardised mortality ratio; AER, absolute excess risk; RR, relative risk; 
CI, 95% confidence interval; RT, radiotherapy; CT, chemotherapy; ANT, anthracyclines; yr, year; Gy, Gray and 
abd, abdomen.

Review radiotherapy-induced cardiotoxicity

71



chapter 4

Validity of the selected studies

Data on the external and internal validity of the 13 cohort studies are shown in Tables 4 and 

5, giving separate tables for clinical CVE and CVM. The validity of the nested case-control 

study is described separately.

Seven of the 14 studies did not describe the mean, median or range of the radiation 

dose3,21,25,26 or the radiation source.29,30,32 In 2 studies that included survivors, treatment 

data of the original cohort were unknown,3,29 so it was impossible to determine whether it 

was a random sample. Eight of the 10 cohort studies that included patients from the start 

of therapy20-24,27,28,31 and all 3 studies of survivors at a fixed point after treatment3,26,29 

had an adequate length of follow-up. Two studies did not mention either the range, mean 

or median follow-up time.25,30 Only 5 studies had a complete follow-up with an outcome 

assessment at the end date of the study for more than 90% of the study group.3,21-23,26 

Three studies had an adequate follow-up with an outcome assessment at the end date of 

the study for 60 to 90% of the study group.20,24,28 The other 5 studies did not mention 

either an end date or the completeness of follow-up.25,27,29-31

Table 4. Validity of the 9 included studies on cardiac events*

Author Study group Follow-up Outcome Risk estimation

Well
defined

Represen-
tative

FUP from 
start of 

treatment 
or fixed 

point after 
treatment

Well
defined

Assess
ment of 

FUP

Well 
defined

Blind Well
defined

Ade-
quate

Ng20

2002
+ + + + + + - - -

Kremer21

2001
- + + + ++ + - + +

Lee22

2000
+ + + + ++ + - - -

Krischer25

1997
- + + nm nm + - - -

King26

1996
- + + + ++ + - + +

Hancock28

1993
+ + + + + + - + +

Evans29

1991
- - + + nm - - - -

Thomas30

1988
- + + nm nm + - - -

Greenwood31

1974
+ + + + nm + - - -

No studies
Total 9

4 8 9 7 5 8 0 3 3

*FUP indicates follow-up and nm, not mentioned.
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In all studies the outcomes were abstracted from medical records, either supplemented with 

questionnaires sent to patients and/or doctors, or phone calls to patients and/or doctors. 

In only 4 studies, the diagnoses were verified by trained experts / cardiologists.20,21,26,31 

None of the studies mentioned that an investigator who was blinded to the treatment 

status of the patients concerned had assessed the outcome. In the analyses of the risk of 

CVD after radiotherapy, 3 of the 9 studies on clinical CVE21,26,28 and 7 of the 11 studies on 

CVM3,22-28 performed risk estimations and used a control group, either within the cohort 

(for CVE) or population-based (for CVM). Only 3 studies assessed the influence of other 

risk factors and adjusted for possible confounders in a multivariate analysis.3,21,32 

The nested case-control study32 had a well-defined study population and all cases from 

the original cohort were included. Control patients were selected from the same cohort. 

Table 5. Validity of the 11 included studies on cardiac mortality*

Author Study group Follow-up Outcome Risk estimation

Well
defined

Represen-
tative

FUP from 
start of 

treatment 
or fixed 

point after 
treatment

Well
defined

Assess
ment of 

FUP

Well 
defined

Blind Well 
defined

Ade
quate

Ng20

2002
+ + + + + + - - -

Mertens3

2001
- - + + ++ + - + +

Kremer21

2001
- + + + ++ - - - -

Lee22

2000
+ + + + ++ + - + nm

Shah23

1999
+ + + + ++ + - + +

Hudson24

1998
+ + + + + + - + +

King26

1996
- + + + ++ + - + +

Mauch27

1995
+ + + + nm nm - + +

Hancock28

1993
+ + + + + + - + +

Thomas30

1988
- + + nm nm + - - -

Greenwood31

1974
+ + + + nm + - - -

No studies 
Total 11

7 10 11 10 8 9 0 7 6

*FUP indicates follow-up and nm, not mentioned.
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An objective outcome definition was used. It was not mentioned if the outcome assessors 

were blinded for important risk factors. A multivariate analysis of possible risk factors was 

performed.  

DISCUSSION
In this study we evaluated the best available evidence of the risk of CVE and CVM after 

treatment for childhood cancer with radiotherapy involving the heart region. We found 13 

cohort studies evaluating the cumulative incidence of CVE (0.3-22.8%) and CVM (0-3.5%). 

However, this is an inaccurate measure of incidence, since it does not adjust for duration 

of follow-up, proportion of patients censored, and attained age. Therefore, a comparison 

of the cumulative incidence across the studies is not possible. None of the studies was 

able to compare the cumulative incidence of CVE with incidence rates of clinical CVE in 

the general population, and no SIRs were calculated, probably because of the lack of 

national statistics of the incidence of non-fatal clinical CVE in the general population. Thus, 

although in this relatively young population the incidence of clinical CVE is expected to be 

low, it can not be inferred to what extent the observed morbidity is in excess. 

Six studies compared the risk of CVM to the incidence of cardiac mortality in the general 

population and calculated an SMR. The SMR was significantly increased in 4 of the 6 

studies, ranging from 22.2 to 68. Two studies evaluated the RR of developing clinical 

CVE to an unexposed control group, one showed a significantly increased risk. One study, 

in children treated for various tumours, evaluated the risk of CVM in comparison with 

unexposed children and showed a significantly increased RR of 2.2. One study evaluated 

the evolution of the SMR over follow-up time, although based on small numbers; the risk 

appeared to be increased for at least 20 years after treatment. 

Most of the studies in this systematic review assessed the risk of CVD after radiotherapy 

in patients treated for Hodgkin’s disease. Since it is not well known what the effects 

of tumour diagnosis and related treatment schedules will be on the risk of developing 

radiation-induced CVD, it is difficult to extrapolate results from these studies to other 

patient populations. Moreover, different definitions of disease outcome have been used; 

5 studies focused solely on cardiac mortality, whereas only 1 study solely focused on 

non-fatal cardiac events. The other 8 studies investigated both the risk of developing a 

clinical cardiac event and cardiac mortality. Some studies only assessed one specific cardiac 

event, whereas others used a broad definition. 

Overall, 9 of the 14 studies evaluated the risk of CVE and CVM compared to population 

data or to an unexposed control group.3,21,23-28,32 When we evaluated the internal and 

external validity of these 9 studies, we conclude that in all studies important information is 

lacking on different items.
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Lacking information on internal validity items such as the representativity of the study 

group, completeness of follow-up and blind assessment of the outcome can lead to invalid 

results. For example, a non-representative sample of patients from the original study group 

can lead to either an over-estimation or an under-estimation of the true frequency of CVD 

after radiotherapy, depending on the fact if patients with a higher or a lower risk profile 

were selected for the study. Screening of a selected group of survivors can lead to an 

over-estimation of the frequency of CVD, since patients with a higher risk of developing 

CVD are more likely to be seen at an outpatient clinic. Incompleteness of follow-up can 

lead to an under-estimation of the risk of late effects after treatment for childhood cancer, 

if patients lost-to-follow-up in the original treatment centre are more likely to be suffering 

from late effects, e.g. because they were less able to complete the follow-up schedule of 

the study. On the other hand, if patients lost-to-follow-up are in better health than those 

still under medical surveillance, this can lead to an over-estimation of risk. Furthermore, the 

outcome assessor of CVD should preferably be blinded, since knowledge about the presence 

of possible risk factors can lead to a greater possibility of classifying a patient with unclear 

symptoms and / or diagnosis, as having CVD. This may thus lead to an overestimation of the 

frequency, especially with non-objective outcome criteria for cardiac events.

Lacking information on the external validity items of a study such as a proper definition of 

the study group, well defined follow-up and well defined outcome assessment, can lead 

to difficulties in extrapolating the results of a study to other patients treated with radiation 

therapy involving the heart region. When a study group is not well defined in terms of 

radiotherapy given, it is difficult to correctly interpret the results. Selection of patients at 

different points in the course of their disease can also limit the extrapolation of results to 

other study settings. Only risks reported in cohorts followed from the start of treatment 

represent the true incidence of CVD after radiotherapy. Studies with only survivors of 

childhood cancer can therefore only estimate the incidence of CVD in survivors, and not 

for all children treated with radiotherapy involving the heart region. This may lead to an 

underestimation of the true incidence throughout follow-up from start of treatment. 

Furthermore, the studies varied widely in follow-up time, from 1 to 29 years after tumour 

diagnosis. With a longer follow-up, more patients will be at risk for developing CVD, 

although it is not clear whether treatment-related increased risks of CVD observed in the 

10-20 year follow-up interval will continue to be raised with more prolonged follow-up, or 

that the risk will level off, or even decrease, at some point in time. If studies do not report 

a well-defined outcome, it is not possible to extrapolate these findings to clinical practice. 

Only the case-control study evaluated possible risk factors within the group of patients 

treated with radiotherapy involving the heart region, for example the interaction between 

radiotherapy and other possible cardiotoxic treatments such as anthracycline chemotherapy. 

No study evaluated the effect of other known risk factors for developing CVD (e.g. lipid 

profile, hypertension or diabetes) or the effect of radiation dosage or fractionation on the 

development of CVD. 
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Finally, 8 of the 14 studies3,20,23,24,27,29,30,32 had some overlap in study population and 

therefore possible overlap in cases and results. 

A possible limitation of this systematic review is that we only requested additional 

information by e-mail when the article was published after 1990. Some articles had to be 

excluded because we received no answers to our questions. Another possible limitation 

is that only articles in 4 languages were selected, and therefore some studies in other 

languages may have been missed.

In conclusion, this systematic review demonstrates that the risk of developing CVM after 

radiotherapy involving the heart region for childhood cancer is increased compared to 

both the general population and unexposed patients. However, the risk factors besides 

radiotherapy involving the heart region are still unknown. The risk of developing clinical 

CVE after radiotherapy for childhood cancer compared to the normal population or in 

relation to follow-up time remains unclear. The precise risk factors for developing clinical 

CVE after radiotherapy are not conclusive, only one study in children treated for Wilms’ 

tumour evaluated risk factors for CVE. So more information is needed about the risk 

factors for developing both CVE and CVM, and about the risk of CVE after treatment 

with radiotherapy involving the heart region for childhood cancer. New follow-up studies 

are needed to accurately estimate the long-term risk of CVE and CVM after radiotherapy 

for childhood cancer, and to reliably investigate the factors that might increase the risk of 

radiation-induced clinical CVD. Ideally, future studies should focus on all children treated 

with radiotherapy involving the heart region. Separate analysis of clinical CVE and CVM 

should be made, preferably in a cohort followed from the start of treatment. Follow-

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

definitions and uniform methods of detection. Incidence of clinical CVE and CVM should 

be compared with the general population rates by calculating SMRs and SIRs, and also 

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

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

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

radiotherapy and potential cardiotoxic chemotherapy and other important prognostic CVD 

risk factors. 

As more data become available, clinicians will be able to make better-informed decisions 

on treatment for future patients with childhood cancer and to develop targeted follow-up 

programs for patients who received treatment in the past.
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