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ABSTRACT
Objectives To assess the incidence of and risks for

congestive heart failure, myocardial infarction,

pericardial disease, and valvular abnormalities among

adult survivors of childhood and adolescent cancers.

Design Retrospective cohort study.

Setting 26 institutions that participated in the Childhood

Cancer Survivor Study.

Participants 14358 five year survivors of cancer

diagnosed under the age of 21 with leukaemia, brain

cancer, Hodgkin’s lymphoma, non-Hodgkin’s lymphoma,

kidney cancer, neuroblastoma, soft tissue sarcoma, or

bone cancer between 1970 and 1986. Comparison group

included 3899 siblings of cancer survivors.

Main outcome measures Participants or their parents (in
participants aged less than 18 years) completed a

questionnaire collecting information on demographic

characteristics, height, weight, health habits, medical

conditions, and surgical procedures occurring since

diagnosis. The main outcome measures were the

incidence of and risk factors for congestive heart failure,

myocardial infarction, pericardial disease, and valvular

abnormalities in survivors of cancer compared with

siblings.

Results Survivors of cancer were significantly more likely

than siblings to report congestive heart failure (hazard

ratio (HR) 5.9, 95% confidence interval 3.4 to 9.6;

P<0.001), myocardial infarction (HR 5.0, 95% CI 2.3 to

10.4; P<0.001), pericardial disease (HR 6.3, 95% CI 3.3 to

11.9; P<0.001), or valvular abnormalities (HR 4.8, 95% CI

3.0 to 7.6; P<0.001). Exposure to 250 mg/m2 or more of

anthracyclines increased the relative hazard of

congestive heart failure, pericardial disease, and valvular

abnormalities by two to five times compared with

survivors who had not been exposed to anthracyclines.

Cardiac radiation exposure of 1500 centigray or more

increased the relative hazard of congestive heart failure,

myocardial infarction, pericardial disease, and valvular

abnormalities by twofold to sixfold compared to non-

irradiated survivors. The cumulative incidence of adverse

cardiac outcomes in cancer survivors continued to

increase up to 30 years after diagnosis.

Conclusion Survivors of childhood and adolescent cancer

are at substantial risk for cardiovascular disease.

Healthcare professionals must be aware of these risks

when caring for this growing population.

INTRODUCTION

Therapeutic advances in paediatric oncology have led
to an increase in the number of adult survivors of child-
hood and adolescent cancers, estimated at over
270 000 in the United States.1 However, survivors of
childhood or adolescent cancer have significant long
term morbidity related to their cancer therapy.
Chronic adverse outcomes of cancer therapy include
subsequent neoplasms,2 endocrine abnormalities,3 4

and growth and developmental delays.5

Cardiac toxicity can be a considerable complication
both during and after cancer therapy, and contributes
to significant morbidity and mortality in patients trea-
ted for cancer. Cardiovascular events are the leading
non-malignant cause of death among survivors of
childhood cancers, responsible for a sevenfold higher
risk of death among such patients compared with age
matched peers.6

Both chemotherapy and radiation therapy are
known to be cardiotoxic.7 The cardiac effects of the
anthracyclines are the most studied among anti-
neoplastic agents; however, many other treatments—
such as alkylating agents, vinca alkaloids, anti-
metabolites, and biological agents—are also recog-
nised to have long term cardiac sequelae.8

Anthracyclines, such as doxorubicin or daunorubicin,
are among themost commonly used andmost effective
chemotherapeutic agents, and have significantly con-
tributed to cancer survival rates. This class of drugs has,
however, been associated with dilated cardio-
myopathy, an asymptomatic and progressive disorder
that can develop in asmany as 20% of cancer survivors
15-20 years after exposure.9-11 Radiation therapy can
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INTRODUCTION 

lymphoma. However, a risk of myocardial infarction
was noted with much lower doses of radiation therapy
than those covered in other reports. Our study
included a variety of diagnoses instead of just Hodg-
kin’s lymphoma, assessed survivors five years after
diagnosis or later, and had a longer follow-up (mean
20 years) than most other studies. The long follow-up
time in our study may account for the observed
increased risk of myocardial infarction in cancer survi-
vors heavily exposed to a variety of cardiotoxic agents
such as anthracyclines, cisplatin, and radiation ther-
apy. Only the study by Aleman et al. had a similar
length follow-up (18 years); this group reported a
3.6-fold higher risk of myocardial infarction among
five year survivors ofHodgkin’s lymphoma compared
with the general population.45 Hancock and collea-
gues’ study suggested an early latency for fatal ischae-
mic disease after high dose radiation therapy (4000-
4500 cGy) in survivors of Hodgkin’s lymphoma.42

Our data suggest that even low doses of radiation ther-
apy (1500-3500 cGy) can cause damage to the coron-
ary circulation, whichmay only become apparent with
prolonged follow-up. Although platinum containing
regimens have also been associatedwith ischaemic dis-
ease among survivors of testicular cancer,46 we did not
identify an association between myocardial infarction
and cisplatin.
Survivors of neuroblastoma in our study had a nota-

ble 11-fold increased relative hazard of myocardial
infarction. Most reports of late complications in
survivors of neuroblastoma have concentrated on
neurosensory, endocrine, andmusculoskeletal abnorm-
alities. Few studies have reported cardiovascular
abnormalities in this population, other than a study
at Memorial Sloan-Kettering Cancer Center that

identified five survivors of advanced stage neuroblas-
toma with cardiac disease among a cohort of 63
patients.47

Pericardial disease
Our study demonstrates a threefold to 10-fold higher
relative hazard of pericardial disease in cancer survi-
vors compared with sibling controls across all types
of cancers examined, with the exception of kidney can-
cer. Additionally, the 30 year incidence of pericardial
disease for survivors in all diagnostic groups was 3.0%
(95% CI 2.1 to 3.9).
Acute pericardial injury following cancer therapy

has been reported previously; however, studies exam-
ining pericardial abnormalities among cancer survi-
vors five or more years after diagnosis are
uncommon. Many of the published studies focus on
patients with adult Hodgkin’s lymphoma and assess
radiation related pericardial disease or subacute injury
occurring within a few years of therapy.48-50 One study
in survivors of childhood or adolescent Hodgkin’s
lymphoma found a 4% risk for pericardiectomy
17 years after therapy.42

Valvular abnormalities
Our analysis includedmany different cancer diagnoses
and found a nearly fivefold higher relative hazard of
valvular abnormalities in survivors of cancer than in
the sibling control group, as well as an association
between valvular disease and higher doses of anthra-
cyclines.
Again, most previous studies have focused on survi-

vors of Hodgkin’s lymphoma who were diagnosed as
adults. Valvular dysfunction may be a fairly common
late complication of radiation therapy to the chest.51
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Fig 4 | Cumulative incidence of cardiac disorders among childhood cancer survivors by average cardiac radiation dose
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Analyze cardiac events (CE) and the relationship
between these and doses received by heart and cardiac
substructures (CS) in pediatric Hodgkin Lymphoma
patients (pts) treated with mediastinal RT

AIMS 

MATERIAL AND METHODS 

Twelve  
consecutive 
pts treated 
from 2009 to 
2017 
according to 
AIEOP LH-
2004 protocol

DemographicsHLpatients(No
12)

Age(years)
Median(range)

Gender
Female
Male

FamiliarityforCVD
IMA
Hypertension
Histology
Nodularsclerosis
Mixedcellularity
Lymphocytepredominant
Siteofprimarytumor
Uo
UPandDown

Lung
Spleen
Stage

TV

Bsymptom
Yes
No
Mediastinalbulkv
Ves
No

Diagnosticexams
CTTBscan
PETscan
Electrocardiogram
Echocardiogram
TherapeuticGroup

RTtechnique
IMRTbutterflv
3DCRT

No.patients(12)
14(8-18)

7(58%)
5(41%)

1(8%)
4(33%)

9(75%)
2(16%)
1(8%)

6(50%)
6(50%)
3(25%)
5(42%)

6(50%)
4(33%)

2(16%)

5(7%)
7(58%)

5(47%)
7(58%)

12(100%)
12(100%)
12(100%)
12(100%)

5(42%)
7(58%)

1(8%)
11(92%)

CARDIOVASCULAREVENT:
1EVENT.2NOEVENTCARDIACSUBSTRUCTURES

HEARTMAX

HEARTMEAN

RIGHTVENTRICLEMAX

RIGHTVENTRICLEMEAN

LEFTVENTRICLEMAX

LEFTVENTRICLEMEAN

LEFTATRIUMMAX

LEFTATRIUMMEAN

RIGHTATRIUMMAX

RIGHTATRIUMMEAN

CIRCUMFLEXARTERYMAX

LEEMAINARTERYMAX

RIGHTCORONARYARTERYMAX

LEFANTERIORDESCENDING
ARTERYMAX

TRICUSPIDVAIVEMAX

MITRAIVAIVEMAX

Dose(Gy)
19,1660
20.0200

7,5340
6,4500

16.5120
17,7900

49840

5.0917

17.6860
16.5283

6.9800

45533

15.970

19.053

9.7100
13.4600

18.4800
19.3400

96740

75983

18.1600

17.6433

18.5760

179433

17.2200
15.6800

185220

15.6717

84200
9.0383

75660

92750
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RESULTS



vPTV coverage was V90% 97%, V95% 90%
vMean heart dose 6,7Gy
vMean left ventricle (LV) dose 5,45Gy
vFollow-up (FU) time of 9.2yrs

vDuring the FU 4pts (33%) presented CE
Ø three pts reduction of LV function and hypokinetic dilated myocardiopathy 3, 5 and 7yrs after RT)

which required drug treatment (ACE inhibitors and B-blockers)
Ø two patients presented a subclinical CE (reduction in LV global longitudinal strain, one pts with

therapy)
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7.5 vs 5
.8 Gy

6.2 vs 4
.6 Gy

18.5 vs 1
4.3 Gy



vThe onset of cardiovascular effects significantly impacts the morbidity and mortality of patients treated
in childhood for Hodgkin's lymphoma

CONCLUSIONS

vThe identification of cardiac dosimetric parameters could help predict cardiovascular risk

vIntroducing cardiac substructures in the optimization of the radiotherapy treatment plan

Grazie per 
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