
Recommendations for Cardiomyopathy Surveillance for 
Survivors of Childhood Cancer: A Report from the International 
Late Effects of Childhood Cancer Guideline Harmonization 
Group

Saro H. Armenian1, Melissa M. Hudson2, Renee L. Mulder3, Ming Hui Chen4, Louis S. 
Constine5, Mary Dwyer6, Paul C. Nathan7, Wim J.E. Tissing8, Sadhna Shankar9, Elske 
Sieswerda3, Rod Skinner10, Julia Steinberger11, Elvira C. van Dalen3, Helena van der Pal12, 

W. Hamish Wallace13, Gill Levitt14, and Leontien C.M. Kremer3

1Department of Population Sciences, City of Hope, Duarte, USA 2Departments of Oncology and 

Epidemiology and Cancer Control, St. Jude Children’s Research Hospital, Memphis, USA 
3Department of Pediatric Oncology, Emma Children’s Hospital/Academic Medical Center, 

Amsterdam, the Netherlands 4Department of Pediatrics, Boston Children’s Hospital and Dana-

Farber Cancer Institute, Harvard Medical School, Boston, USA 5Department of Pediatrics, Boston 

Children’s Hospital and Dana-Farber Cancer Institute, Harvard Medical School, Boston, USA 
6Peter MacCallum Cancer Centre, East Melbourne, Victoria, Australia 7The Hospital for Sick 

Children and the University of Toronto, Department of Pediatrics and Institute of Health Policy, 

Management and Evaluation, Toronto, Canada 8Division of Pediatric Oncology and Pediatric 

Hematology, Beatrix Children's Hospital, University of Groningen, University Medical Center 

Groningen, Groningen, the Netherlands 9Division of Oncology, Center for Cancer and Blood 

Disorders, Children's National Medical Center, Washington, USA 10Department of Paediatric and 

Adolescent Haematology / Oncology, Great North Children’s Hospital and University of 

Newcastle, Newcastle upon Tyne, UK 11Department of Pediatrics, Division of Cardiology, 

University of Minnesota Amplatz Childrens’ Hospital, Minneapolis, USA 12Department of Pediatric 

Oncology and Medical Oncology, Emma Children’s Hospital/Academic Medical Centre, 

Amsterdam, the Netherlands 13Deparetment of Hematology/Oncology, Royal Hospital for Sick 

Children, Edinburgh, Scotland 14Department of Oncology/Haematology, Great Ormond Street 

Hospital for Children NHS Trust, London, UK

Corresponding author: Saro H. Armenian, Department of Population Sciences, City of Hope, 1500 East Duarte Rd, Duarte, CA 
91010-3000, USA, Telephone no.: (626) 471-7320; Fax no.: (626) 301-8978, sarmenian@coh.org. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 

customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 

the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 

discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Contributors:

SHA, MMH, RM, GL, and LCMK contributed to the conception and design of the study. SHA, MMH, RLM, MHC, LSC, MD, PCN, 

WT, SS, ES, RS, JS, EvD, HvdP, WHW, GL, LCMK contributed to the search strategy, data extraction, interpretation of the data, and 

formulation of the recommendations. SHA, MMH, RM, GL, and LCMK drafted the manuscript, and MHC, LSC, MD, PCN, WT, SS, 

ES, RS, JS, EvD, HvdP, WHW critically revised the manuscript. All authors approved the final version.

Conflicts of interest:

The authors have no conflicts of interest to declare.

HHS Public Access
Author manuscript
Lancet Oncol. Author manuscript; available in PMC 2016 March 01.

Published in final edited form as:

Lancet Oncol. 2015 March ; 16(3): e123–e136. doi:10.1016/S1470-2045(14)70409-7.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



Abstract

Childhood cancer survivors treated with anthracycline chemotherapy or chest radiation are at an 

increased risk of developing congestive heart failure (CHF). In this population, CHF is well-

recognized as a progressive disorder, with a variable period of asymptomatic cardiomyopathy 

which precedes signs and symptoms. As a result, a number of practice guidelines have been 

developed to facilitate detection and treatment of asymptomatic cardiomyopathy. These guidelines 

differ with regards to definitions of at risk populations, surveillance modality and frequency, and 

recommendations for interventions. These differences may hinder the effective implementation of 

these recommendations. We report on the results of an international collaboration to harmonize 

existing cardiomyopathy surveillance recommendations, using an evidence-based approach that 

relied on standardized definitions for outcomes of interest and transparent presentation of the 

quality of the evidence. The resultant recommendations were graded according to the quality of 

the evidence and the potential benefit gained from early detection and intervention.

INTRODUCTION

Advances in treatment strategies for childhood cancer have resulted in marked 

improvements in survival, with current 5-year survival rates approaching 80%.1 However 

this improvement in outcome is has been compromised by the occurrence of long term 

morbidities of therapy. The cumulative incidence of severe or life-threatening chronic health 

conditions exceeds 40% for childhood cancer survivors surviving 30 years after primary 

diagnosis.2, 3 These conditions include second malignant neoplasms, endocrine disorders, 

cardiopulmonary dysfunction, renal dysfunction, and neurosensory impairment.2, 3

Cardiovascular complications (such as coronary artery disease, and stroke, but especially 

congestive heart failure [CHF]) have emerged as a leading cause of morbidity and mortality 

in long-term survivors of childhood cancer.4 In fact, childhood cancer survivors are at a 15-

fold increased risk of developing CHF2 and are at 7-fold higher risk of premature death due 

to cardiac causes,5 when compared with the general population. There is a strong 

dosedependent relation between anthracycline chemotherapy exposure and CHF risk, and 

the risk is higher among those exposed to chest radiation.4 The incidence of CHF is <5% 

with cumulative anthracyclines exposure of <250 mg/m2; approaches 10% at doses between 

250 and 600 mg/m2; and exceeds 30% for doses >600 mg/m2.4, 6–8 Of note, nearly 60% of 

all childhood cancer survivors carry a history of prior anthracycline and/or chest radiation 

exposure.9, 10

The American College of Cardiology/American Heart Association (ACC/AHA) guidelines 

for the diagnosis and management of CHF describe heart failure as a progressive disorder, 

with a variable period of asymptomatic cardiac dysfunction which precedes clinically overt 

signs and symptoms.11 For anthracycline-exposed survivors, the asymptomatic stage is often 

characterized by thinning of the left ventricular (LV) wall, enlargement of LV diameter, and 

subsequent increase in LV wall stress, a clinical picture similar to dilated 

cardiomyopathy.4, 12 These subclinical changes can result in impairment of LV systolic 

function, manifesting as decreased ejection fraction (EF) and/or shortening fraction 

(SF).4, 12 It is important to recognize, however, that anthracycline-exposed survivors could, 
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over time, also develop restrictive cardiomyopathy, resulting in abnormal E/A ratio (peak 

early atrial divided by peak late atrial velocities), or prolonged isovolumic relaxation time 

(IVRT) in the setting of preserved EF/SF.4, 12 Individuals who receive chest radiation may 

be at an especially high risk of developing combined dilated and restrictive cardiomyopathy 

that results from myocardial fibrosis primarily due to radiation effects on the supporting 

vasculature.4, 12

In childhood cancer survivors, there is often a long latency between cardiotoxic exposure 

and clinically evident disease.4, 12 As a result, a number of clinical practice guidelines have 

been developed to facilitate early detection and treatment of asymptomatic 

cardiomyopathy.13–16 These guidelines were developed by various North American and 

European groups and they differ with regards to definitions of at risk populations, 

surveillance modality and frequency, and recommendations for interventions. These 

differences may, in turn, hinder the effective implementation of screening across a wide 

spectrum of clinical settings. Recognizing the importance for collaboration, an international 

effort was organized to harmonize existing late effects screening recommendations for 

survivors of childhood cancer.17 The current effort represents the summary of the evidence 

and recommendations for cardiomyopathy surveillance in childhood cancer survivors treated 

with anthracyclines and/or chest radiation.

METHODS

A description of the international guideline harmonization effort and methodology has been 

provided elsewhere.17 The cardiomyopathy surveillance recommendations were prepared by 

representatives from the North American Children’s Oncology Group (COG),13 the Dutch 

Childhood Oncology Group (DCOG),14 the Scottish Intercollegiate Guidelines Network 

(SIGN),16 and the United Kingdom Children’s Cancer and Leukaemia Group (UKCCLG).15 

The current effort encompassed published guidelines that were developed following 

systematic evaluation of the quality of the late effects literature, linking therapeutic 

interventions with adverse outcomes. The expert membership included pediatric and adult 

cardiologists, pediatric oncologists, radiation oncologists, epidemiologists, methodologists, 

nurses and other survivorship care providers.

The initial step of the cardiomyopathy harmonization effort involved identifying areas of 

concordance and discordance across the COG, DCOG, SIGN, and UKCCLG guidelines. In 

order to achieve consensus, clinical questions were devised to address areas of discordance 

for cardiomyopathy surveillance. Systematic literature searches were performed to update 

previous systematic searches for asymptomatic18 and symptomatic19 cardiomyopathy 

(search strategy through December 2012: Appendix 1), and evidence summaries were 

formed to address areas of discordance. When evidence was lacking for childhood cancer 

survivors, we extrapolated information from other populations. In the case of concordance, 

we extracted and evaluated the evidence cited by the guidelines.

Given the heterogeneity in definitions used to describe relevant therapeutic exposures, 

surveillance strategies, and cardiovascular outcomes, we proposed standardized definitions 

which were incorporated into our literature review and final formulation of 
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recommendations. Childhood cancer survivors included individuals treated for cancer up to 

21 years of age, regardless of current age. Anthracyclines chemotherapy consisted of: 

doxorubicin, daunorubicin, epirubicin, idarubicin; the anthraquinone mitoxantrone was also 

included due to its similar cardiotoxic profile. Chest radiation included any radiation in 

which the heart was in the field of treatment (mediastinal, thoracic, spinal, left or whole 

upper abdominal or total body irradiation [TBI]). Asymptomatic cardiomyopathy was 

defined as a decline in LV systolic function (abnormal EF, SF, wall stress)20–22 or diastolic 

dysfunction (abnormal E/A ratio, prolonged IVRT)22, 23 in the context of preserved EF, 

without corresponding symptoms of heart failure. CHF was defined per the ACC/AHA 

guidelines,11 and corresponded to symptomatic cardiomyopathy with evidence of cardiac 

dysfunction on imaging studies. The current effort does not address screening for other 

known therapy-associated cardiovascular complications (coronary artery disease, carotid 

artery disease, pericardial fibrosis, conduction abnormalities, or valvular stenosis/

insufficiency); these will be addressed by future collaborations.

The quality of the evidence and the strength of the recommendations were determined 

according to criteria that were based on modified Grading of Recommendations Assessment 

Development and Evaluation (GRADE) and the ACC/AHA classification for 

recommendations (Appendix 2).24, 25 Final recommendations relied on this scientific 

knowledge combined with other considerations such as clinical judgements, decisions about 

thresholds, costs, and potential harms from excessive screening. The harmonized 

cardiomyopathy surveillance recommendations were critically appraised by two external 

experts (K.O. and J.B.) in the field.

RESULTS

Discordances and concordances among the cardiomyopathy surveillance recommendations 

are provided in Table 1. There was concordance across guidelines for the following 

statements:

• Childhood cancer survivors treated with anthracyclines (including mitoxantrone) or 

chest radiation are at increased risk of cardiomyopathy.

• Surveillance using echocardiography should be lifelong and performed at a 

minimum of every five years.

• Given the increased cardiometabolic demand on the heart of the mother during 

pregnancy, closer monitoring of survivors during pregnancy is warranted.

• Survivors with documented asymptomatic cardiomyopathy should be referred to a 

cardiologist for further diagnostic work-up and possible treatment.

• At risk cancer survivors should be regularly screened for traditional cardiovascular 

risk factors (i.e.: hypertension, diabetes, dyslipidemia, overweight/obesity) and 

should be counseled against smoking and physical inactivity.

Levels of evidence to support concordant areas are included in Table 2.
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As illustrated by Table 1, there were also areas of discordance that required more detailed 

investigation of the available literature. The evidence summaries for the following areas of 

discordance are presented in Appendix 3: cardiomyopathy risk by anthracycline dose, chest 

radiation dose, combination of anthracycline and radiation exposure, TBI alone, and age at 

cancer treatment; differences in risk by anthracycline analogues, including mitoxantrone; 

utility of radionuclide angiography, cardiac magnetic resonance imaging (CMR), and 

cardiac blood biomarkers for surveillance of asymptomatic cardiomyopathy; frequency of 

screening in survivors treated with higher dose anthracyclines or radiation; risk of 

deterioration in cardiac function during puberty; effect of pharmacologic therapy in 

survivors with asymptomatic cardiomyopathy; limitations for physical activity following 

cardiotoxic exposure.

The conclusions of the evidence and the final recommendations are summarized in Tables 2 

and 4, respectively. The rationale for the grading of the evidence and resultant 

recommendations are provided below.

Who needs cardiomyopathy surveillance?

Children and adolescents treated with anthracyclines or radiation are at increased risk of 

developing cardiomyopathy. These individuals and their providers should be aware of their 

risk after completion of therapy (strong recommendation). There is an exponential increase 

in risk of cardiomyopathy with increasing lifetime cumulative dose (Figure 1A, B).19, 26, 27 

The risk is especially high in children treated with ≥250 mg/m2 and is lowest among those 

treated with <100 mg/m2.6, 19, 26, 27 Importantly, there appears to be no clear cut-off for a 

safe anthracycline dose as symptomatic cardiomyopathy has been reported in survivors who 

received doses well-below 250 mg/m2.6, 26, 27 Individuals treated with ≥35 Gy of chest 

radiation are also at high risk of developing CHF (Figure 1C), and this risk remains elevated 

for those treated with moderate doses (15 Gy-<35Gy).6, 8, 26, 28, 29 On the other hand, there 

is lack of evidence to suggest that children treated with lower doses (<15 Gy in <2 Gy daily 

fractions) of chest radiation, including TBI, are at increased risk of CHF.6, 29–31 Survivors 

treated with a combination of chest radiation and anthracyclines are at an especially high 

risk for developing CHF due to the combined myocardial injury and dysfunction that result 

from these two therapeutic approaches.8, 26, 32

Based on the available evidence, anthracycline and/or chest radiation-exposed survivors who 

have a four-fold or greater risk of CHF when compared to those without these exposures 

should undergo routine surveillance for cardiomyopathy (strong recommendation). 

Surveillance may be recommended for survivors who have a greater than 1.5-fold increase 

in CHF risk (moderate recommendation). The resultant risk stratification (High, Moderate, 

Low) by anthracycline and/or chest radiation dose is presented in Table 3, and specific risk-

based recommendations are presented in Table 4.

While some studies have reported an increased risk of CHF in individuals treated with 

anthracyclines at a younger age (<5 years old),6, 8 others have found no association with age 

at exposure.7, 26, 33 As a result, no recommendations could be made regarding surveillance 

intensity by age at exposure. In addition, no recommendations could be made regarding the 

risk for cardiotoxicity by different anthracycline analogues, as the doxorubicin-equivalent 
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conversion scores utilized by certain guidelines are based on hematologic toxicity and not 

cardiotoxicity.34 Cardioprotectants such as dexrazoxane have been shown to minimize 

cardiac injury and remodeling shortly after anthracycline administration without 

compromising its anti-tumor efficacy.35, 36 However, long-term data on efficacy of 

dexrazoxane is lacking, and certain subgroups, particularly children who have the greatest 

potential number of life years following cancer therapy, remain understudied.35 As a result, 

no recommendations can be made regarding surveillance intensity in survivors treated with 

cardioprotectant such as dexrazoxane.

What surveillance modality should be used?

Comprehensive history and physical examination with specific emphasis on cardiac 

symptoms such as dyspnea, chest pain, palpitations, or exertion intolerance, should be 

performed during routine follow-up in all childhood cancer survivors treated with 

cardiotoxic therapies. Detailed two-dimensional (2D) echocardiography is the recommended 

surveillance modality for these survivors (strong recommendation), and should be performed 

per the AHA/ACC task force practice guidelines for the clinical application of 

echocardiography.37 Several echocardiographic parameters including EF, SF, LV wall 

stress, decreased LV mass, velocity of shortening corrected for heart rate, LV thickness to 

dimension ratio, and diastolic dysfunction, have been used to describe asymptomatic cardiac 

dysfunction in childhood cancer survivors treated with anthracyclines or radiation.18, 21, 38 

In this population, EF, SF, and wall stress are the most frequently used and readily 

reproducible parameters of LV systolic function, while E/A ratio and IVRT are commonly 

used to describe diastolic function.18 The long-term implications of many of the other early 

echocardiographic changes on future cardiomyopathy risk are not known. It is important to 

acknowledge that chronic ventricular remodeling and cardiac functional impairment could 

result from several conditions associated with radiation exposure to the heart, including 

asymptomatic coronary artery stenosis, progressive valvular dysfunction, or constrictive 

pericarditis.4, 12 As such, in these patients, routine surveillance should not be limited to 

assessment of ventricular function alone; healthcare providers should maintain a low 

threshold for evaluating coronary artery disease in survivors who have received high dose 

radiation therapy that included the coronaries.

Radionuclide angiography has been a well-established alternative to echocardiography in 

adult non-oncology populations.39 However it is not readily available across all treatment 

centers, and does not provide detailed information regarding cardiac structure and diastolic 

function,39 limiting its application as a primary surveillance modality in cancer survivors. 

CMR has emerged as a sensitive and reproducible alternative to echocardiography for 

assessment of cardiac structure and function (systolic and diastolic) in non-oncology 

populations and cancer survivors.40, 41 CMR is noninvasive and unlike radionuclide 

angiography, does not involve exposure to ionizing radiation. As in radionuclide 

angiography, CMR may not be readily accessible and its costs too prohibitive for 

population-based screening in at risk childhood cancer survivors. Current recommendations 

are to consider either radionuclide angiography or CMR in individuals for whom 

echocardiography is not technically feasible/optimal (moderate recommendation). In 

instances where both of these alternative imaging modalities are available, preference should 
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be given to CMR due to its lack of ionizing radiation exposure and potential for additional 

information regarding cardiac structure and function.

Serum cardiac troponins T (cTnT) and I (cTnl) are specific and sensitive biomarkers for 

myocardial cell injury, and have established diagnostic and prognostic value in acute 

coronary syndrome.42 However, while cTn’s have successfully been used as biomarkers to 

monitor acute anthracycline-related cardiotoxicity,43, 44 studies have failed to demonstrate a 

clear association between cTn and LV dysfunction in childhood cancer survivors in part due 

to the low-sensitivity of conventional testing kits;.45–48 it remains to be seen what role, if 

any, newer high-sensitivity Troponin assays49 may play in predicting late-occurring LV 

dysfunction. Serum natriuretic peptides ([NP]: NT-Pro-BNP, BNP, ANP) are released in 

response to myocardial wall stress, and have become established biomarkers for the 

diagnosis of symptomatic heart failure.42 There is emerging evidence to suggest that 

persistent elevation of NPs during treatment with anthracyclines may be a predictor of 

cardiac dysfunction years after completion of therapy.43 However, data on the diagnostic 

accuracy of NPs for routine surveillance of cardiac dysfunction in asymptomatic cancer 

survivors has been mixed, as studies have reported high negative predictive values (63%–

100%), but low sensitivity (0%–32%) and positive predictive values (12.5%–37.5%; 

Appendix Table 4), making them unreliable for use as the only surveillance strategy in this 

population. We acknowledge the growing body of literature in adult oncology4, 49 and non-

oncology50, 51 populations supporting the complementary role of cardiac biomarkers and 

imaging studies for detection of cardiomyopathy. As such, it may be reasonable to consider 

blood biomarkers in individuals who may be symptomatic but have preserved systolic 

function, or in those with borderline cardiac function during primary surveillance (moderate 

recommendation).

At what frequency and for how long should surveillance be performed?

Due to lack of data, recommendations regarding initiation and frequency of surveillance are 

largely based on consensus. Consideration was given to the relative risk of CHF as well as to 

the potential difference in rate of cardiac function deterioration between risk groups during 

follow-up. There was consensus that surveillance should begin no later than 2 years after 

completion of cardiotoxic therapy and continue for a minimum of every 5 years thereafter, 

since pharmacologic interventions in individuals with asymptomatic cardiomyopathy can 

delay the onset of CHF and decrease mortality.11 These were strong and moderate 

recommendations for high and moderate/low-risk survivors, respectively. With regards to 

frequency of screening, there is no data to suggest that high risk survivors have a more rapid 

rate of deterioration when compared to moderate/low-risk survivors. However, given the 

higher prevalence of asymptomatic disease in high risk survivors, we believe more frequent 

surveillance is reasonable for high risk patients, and may be reasonable for moderate/low-

risk survivors. On the other hand, there was no data to support higher risk of deterioration in 

cardiac function during the pubertal growth spurt.

During pregnancy, there is an overall increase in plasma volume of up to 50% that begins 

soon after gestation and peaks at 24–26 weeks.52 This change in volume contributes to an 

increase in cardiac output and compensatory increase in heart rate that lasts through the third 
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trimester.52 Studies in non-oncology populations with pre-existing cardiomyopathy have 

reported a high risk of cardiac decompensation that is due to the added hemodynamic 

challenges of pregnancy,53, 54 and there are established guidelines for diagnosis and 

management of heart failure in this population.55 The limited experience in childhood 

cancer survivors suggests that women with compromised LV systolic function (SF<30%) 

prior to pregnancy are more likely to have further reduction in cardiac function post-partum, 

irrespective of lifetime anthracycline dose.56 As such, cardiomyopathy surveillance is 

reasonable prior to pregnancy or in the first trimester for all female survivors treated with 

anthracyclines and/or chest radiation (moderate recommendation). On the other hand, due to 

the paucity of data on cardiac outcomes, no recommendations can be formulated for the 

frequency of ongoing cardiomyopathy surveillance in pregnant survivors who have normal 

LV systolic function immediately prior to or during the first trimester of pregnancy.56, 57 

Health care providers should maintain a high index of suspicion for cardiomyopathy in 

survivors treated with anthracyclines and/or radiation who present with symptoms such as 

shortness of breath, fatigue, and ankle swelling, as these are commonly reported during 

pregnancy.55

There is evidence from large cohort studies that the incidence of CHF in cancer survivors 

treated with anthracyclines and/or radiation increases with follow-up, and that this risk is 

greater in survivors treated with higher dose (≥250 mg/m2) anthracyclines.6, 7, 26 It is 

important to note that these cohort studies represent survivors who are relatively young 

(median age at CHF diagnosis: 25 to 27 years), and that there is limited data to inform us of 

the incidence of CHF >30 years after cancer diagnosis. However, emerging data in survivors 

with longer follow-up (median 25 years from diagnosis)3 show a substantially higher 

incidence of severe and life-threatening cardiovascular complications when compared to 

age- and sex-matched controls, decades after completion of therapy. Recognizing the 

increasing background risk of CHF with older age in the general population,11 we believe 

lifelong surveillance may be reasonable (moderate recommendation) for childhood cancer 

survivors treated with anthracyclines and/or radiation.

What should be done when abnormalities are identified?

The recommendations outlined in the current paper are for primary surveillance and do not 

address all the investigative steps necessary for the diagnosis and appropriate management 

of cardiomyopathy. As such, cardiology consultation is recommended for individuals who 

have abnormal cardiac function detected during surveillance (strong recommendation). The 

only randomized trial58 (ACE inhibitors vs. placebo) in anthracycline-exposed childhood 

cancer survivors with a history of transient or persistent cardiac dysfunction failed to 

demonstrate a clinically detectable difference in overall survival, mortality due to CHF, 

development of CHF or quality of life.58 As such, any recommendations for management of 

cardiomyopathy are based on findings from studies conducted in non-oncology populations 

at risk for CHF. That being said, when possible, pharmacologic intervention following 

diagnosis of cardiomyopathy should be personalized, taking into consideration available 

age-appropriate (pediatric59 vs. adult onset60, 61 CHF) treatment guidelines which take into 

consideration the physiology of the cardiomyopathy (systolic, diastolic, or both), severity of 

the disease, and the individual’s tolerance of the intervention.
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What are the limitations for physical activity?

There is considerable evidence supporting the advantages derived from regular moderate 

exercise and fitness in the general population.62, 63 The current joint guidelines from the 

AHA and the American College of Sports Medicine (ACSM) recommend 30 to 40 minutes 

of aerobic exercise five times per week and strength training twice per week.62 Studies in 

limited numbers of childhood cancer survivors have found that despite having lower 

exercise capacity, evidenced by lower peak myocardial oxygen consumption,64, 65 survivors 

can attain significant improvements in muscle strength and flexibility, cardiopulmonary 

fitness, and overall physical function when engaged in routine aerobic activity.66 Given the 

well-documented benefits of exercise in the general population as well as in non-oncology 

populations at risk for CHF due to genetic disorders, regular exercise is recommended for 

survivors treated with anthracyclines and/or chest radiation who have normal cardiac 

function (strong recommendation). Individuals initiating an exercise regimen should be 

encouraged to promptly report to their primary healthcare providers any symptoms such as 

difficulty breathing or unusual tiredness.

With regards to limitations in the intensity of exercise, the AHA67 and the ESC68 provide no 

restrictions in activity for individuals who are at risk for cardiac decompensation due to 

genetic disorders (i.e.: familial dilated cardiomyopathy, hypertrophic cardiomyopathy) but 

have normal cardiac function (abnormal genotype, normal phenotype). However, for 

individuals with asymptomatic cardiac dysfunction, there are specific recommendations by 

the AHA and ESC regarding allowable activities (high, moderate, low-intensity; Appendix 

4) that are based on severity of existing cardiac dysfunction.67 Cardiology consultation is 

recommended for survivors with asymptomatic cardiomyopathy to define limits and 

precautions for exercise (strong recommendation). Due to unpublished anecdotal reports of 

cardiac deterioration in childhood cancer survivors during intensive isometric exercise, 

cardiology consultation may be reasonable for high risk survivors who plan to be engaged in 

high intensity exercise (i.e. body building, rock climbing, windsurfing), as defined by the 

AHA and ESC (moderate recommendation).67, 68

Role of modifiable cardiovascular risk factors and cardiomyopathy risk

In general, healthcare providers are asked to educate and counsel all childhood cancer 

survivors regarding the importance of maintaining a heart-healthy lifestyle, including 

recommended five portions of fresh fruit and vegetables a day.69 Extensive studies 

conducted in non-oncology populations support the benefits of interventions to reduce 

modifiable risk factors, such as obesity, smoking, hypertension, diabetes and 

dyslipidemia.70, 71 Childhood cancer survivors are at a higher risk of developing many of 

these and other conditions such as growth hormone deficiency and abnormal body 

composition when compared to the general population, placing them at increased risk of 

developing premature cardiovascular disease later in life.72, 73 In fact, survivors who have 

hypertension or diabetes in addition to past exposure to anthracyclines and/or radiation are at 

an especially high risk of developing CHF.74 While there have been no studies conducted to 

demonstrate a rate reduction in cardiovascular events after risk factor modification in cancer 

survivors, findings from studies in non-oncology populations strongly suggest that routine 

screening for these risk factors can be beneficial, setting the stage for interventions (lifestyle 

Armenian et al. Page 9

Lancet Oncol. Author manuscript; available in PMC 2016 March 01.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



modification, pharmacologic therapy) to mitigate adverse cardiovascular outcomes (strong 

recommendation).

DISCUSSION

The growing population of long-term childhood cancer survivors has brought to the 

forefront a host of chronic health-related conditions that can significantly impact the overall 

quality and quantity of survival.75 Cardiovascular complications such as CHF contribute 

increasingly to the long-term morbidity and mortality from these health conditions.4 We 

present the international harmonized cardiomyopathy surveillance recommendations for 

childhood cancer survivors treated with anthracyclines and/or chest radiation. The resultant 

recommendations are derived from knowledge gained from extensive scientific review of 

the available literature and strict standards used to grade the supporting evidence. 

Importantly, we have identified key gaps in knowledge (Table 5) that may serve as the 

impetus for collaborative research aimed at improving cardiovascular health of at risk 

childhood cancer survivors.

It is abundantly clear that childhood cancer survivors treated with anthracyclines and/or 

chest radiation are at increased risk of CHF, and that the risk increases with treatment dose 

and duration of follow-up.19, 26, 27 Less is known regarding the dose-specific magnitudes of 

risk due to combined anthracycline and chest radiation exposure, or the risk due to lower-

dose (<15 Gy) chest radiation exposure alone. Significant advances in systemic treatment 

and radiotherapy techniques during the past three decades have allowed reduction of 

radiation volume and dose delivered to healthy tissues such as the heart,76 resulting in 

decreased risk of non-myocardial infarction cardiac death in survivors of adult-onset 

cancers.76, 77 It remains to be seen if similar improvements in cardiovascular outcomes can 

be demonstrated in survivors of childhood cancer. With regards to anthracycline 

chemotherapy, there is virtually no information on the comparative cardiotoxicity of 

anthracycline analogues in children,34 nor is there evidence to support the long-term 

efficacy of cardioprotectants such as dexrazoxane in children with cancer.35 As a result, the 

current recommendations do not advocate different surveillance strategies based on 

anthracycline analogue or dexrazoxane exposure. Studies are needed to address these gaps in 

knowledge, setting the stage for more comprehensive characterization of CHF risk in these 

survivors.

Traditionally, monitoring of anthracycline-related cardiotoxicity has relied upon serial 2D 

echocardiography using resting LV EF or SF.13–16 These measurements are load-dependent, 

demonstrate intra-patient and inter-observer variability, and may not detect more subtle 

changes in cardiac systolic function.4 Studies in non-oncology populations4, 78 have shown 

that many of these limitations can be overcome if these measurements are performed in 

centralized core echocardiography laboratories. When possible, routine screening should 

incorporate load-independent parameters such as LV wall thickness, atrial and ventricular 

chamber dimensions, or M-mode-based stress velocity index, which can be calculated from 

the velocity of fiber shortening and corrected for heart rate and wall stress.4, 79 Further, 

routine surveillance should include measures of diastolic function, as survivors can develop 

restrictive cardiomyopathy in setting of normal systolic function.4 While there is no data to 
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support that intervention after identification of abnormal early indices can delay the onset of 

symptomatic CHF in childhood cancer survivors, studies in non-oncology populations 

strongly support the use of pharmacologic intervention in individuals with asymptomatic 

cardiac dysfunction (regardless of etiology or physiology),80–82 and provide the basis for the 

early screening advocated in the current harmonized recommendations.

More novel imaging approaches for early detection of asymptomatic cardiac dysfunction 

include tissue Doppler imaging, CMR, “speckle tracking”, and 3D echocardiography.83 In 

fact, there is emerging evidence that 3D echocardiography, where technically feasible, has 

the lowest interobserver and serial variability for measurement of LV systolic function in 

survivors of childhood41 and adult-onset84 cancer. These newer imaging approaches have 

helped shed additional insight into the pathophysiology of cardiac injury after cancer 

treatment and may provide important prognostic utility in at risk survivors. However, these 

imaging modalities are not uniformly available across cancer follow-up centers, and lack of 

longitudinal follow-up studies in childhood cancer survivors precludes their routine use for 

primary cardiomyopathy surveillance at the current time. Data from adult oncology and non-

oncology populations suggest that these imaging modalities may be used in individuals for 

whom routine 2D echocardiography is not technically feasible.39, 85

There is agreement across the COG, DCOG, SIGN, and UKCCLG guidelines that 

cardiomyopathy screening should begin no later than two years after completion of therapy, 

and to continue for a minimum of every five years thereafter. The harmonized 

recommendations for more frequent screening in higher risk survivors is consensus based, 

and they balance the potential benefit gained from early detection with the harms associated 

with increased cost and false positive testing. Given the long latency of disease and large 

numbers needed for follow-up, clinical trials evaluating efficacy of different screening 

frequencies would be cost-prohibitive. In addition, the paucity of information on efficacy of 

interventions to prevent progression of asymptomatic cardiomyopathy to CHF may temper 

the enthusiasm for aggressive surveillance in these survivors. Recognizing these limitations, 

studies have utilized decision-modeling to estimate the economic and health impact of 

different screening strategies and interventions in childhood cancer survivors at risk for 

CHF.86, 87 These studies have found that routine screening for cardiac dysfunction can be 

cost-effective when compared to no screening, and that survivors at highest risk of 

developing CHF may benefit from more frequent screening than those in the lowest risk 

categories,86, 87 a strategy advocated in the current harmonized recommendations.

Lastly, although the lifetime cumulative dose likely remains the single most important factor 

in influencing anthracycline or radiation-related related cardiotoxicity, some patients can 

develop CHF at relatively low doses while others do not appear to be affected despite very 

high doses, suggesting the importance of host-specific factors. There is emerging data to 

suggest that genetic susceptibility could play a role in modifying individual response to 

therapeutic exposures.27, 88, 89 Using a biologically plausible candidate gene approach, 

investigators have begun to identify polymorphisms that could alter metabolic pathways of 

therapeutic agents associated with specific adverse events, including CHF.23, 77, 78 Many of 

these genomic variables, when fully established, could advance our understanding of the 

pathogenesis of therapy-related CHF, and facilitate the implementation of targeted primary 
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prevention strategies (individualized therapy in future cancer populations), as well as 

secondary prevention strategies (targeted screening, behavior modification, and 

chemoprevention in long-term survivors).

The cardiomyopathy screening harmonization effort was strengthened by our evidence-

based approach, reliance on standardized definitions for outcomes of interest, transparent 

presentation of the quality of the available evidence and the strength of the recommendation, 

and the multidisciplinary approach necessary to derive a consensus for screening. We 

performed a critical appraisal of published guidelines13–16 that were developed following 

systematic evaluation of the quality of the late effects literature. In order to avoid duplication 

of effort, our literature review and resultant grading of the evidence primarily focused on 

areas of discordance. While we recognize that this may have introduced a risk of bias for the 

concordant recommendations, we do not believe the adopted strategy compromised the 

integrity of the resultant recommendations. When evidence was lacking for childhood 

cancer survivors, we extrapolated information from other populations at risk of CHF. 

Importantly, we have identified key gaps in knowledge pertaining to frequency of screening 

in different risk groups, role of CMR, myocardial strain, 3D echocardiography as well as 

cardiac blood biomarkers in primary surveillance, prognostic utility changes in intermediate 

echocardiographic indices of LV systolic and diastolic function, and efficacy of early 

intervention strategies for CHF prevention. These gaps can be filled only by approaching 

these problems in a systematic, comprehensive manner that not only helps identify those at 

highest risk of these adverse outcomes but also modifies the natural history of their disease. 

This approach requires multidisciplinary and international collaborations and access to large 

patient populations. The current international harmonization initiative will help set the stage 

for collaborative research to minimize the burden of cardiovascular disease in survivors of 

pediatric malignancies.
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Appendix 1

Search Medline/PubMed for studies published (January 2007 to December 2012)

Working Group 1

Anthracyclines:
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(anthracyclines OR anthracyclin* OR idarubicin OR idarubic* OR epirubicin OR 

epirubic* OR adriamycin OR doxorubicin OR doxorubic* OR adriamyc* OR 

daunorubicin OR daunorubic* OR daunoxome OR doxil OR caelyx OR myocet)

Mitoxantrone:

(mitoxantrone OR mitoxantr*)

Radiotherapy:

(Radiotherapy OR radiation OR radiat* OR irradiation OR X-ray therapy)

Cancer:

(Cancer OR neoplasm OR tumor OR tumour OR carcinoma OR malignancy OR 

Childhood cancer)

Survivors:

(surviv* OR survivor OR survivors)

(A)symptomatic cardiac dysfunction:

(ventricular dysfunction OR ventricular dysfunction, left OR ventricular dysfunction, 

right OR shortening fraction OR ejection fraction OR LVEF OR LVSF OR systolic OR 

myocardial contraction OR contract* OR cardiomyopathy OR heart failure, congestive 

OR heart failure OR cardiomyopathy congestive)

(anthracyclines OR anthracyclin* OR idarubicin OR idarubic* OR epirubicin OR 

epirubic* OR adriamycin OR doxorubicin OR doxorubic* OR adriamyc* OR 

daunorubicin OR daunorubic* OR daunoxome OR doxil OR caelyx OR myocet OR 

mitoxantrone OR mitoxantr* OR Radiotherapy OR radiation OR radiat* OR irradiation 

OR X-ray therapy) AND (age at treatment OR younger age OR age at exposure)

Working group 2:

Question 1: (Cancer OR neoplasm OR tumor OR tumour OR carcinoma OR 

malignancy OR Childhood cancer) AND (surviv* OR survivor OR survivors) AND 

(echocardiography OR echocardiogr*) AND (radionuclide angiography OR 

radionuclide ventriculography OR gated blood-pool imaging OR blood pool 

scintigraphy OR gated radionuclide ventriculography OR ventriculogr* OR scintigr* 

OR MUGA OR angiocardiography OR angio*) AND (ventricular dysfunction OR 

ventricular dysfunction, left OR ventricular dysfunction, right OR shortening fraction 

OR ejection fraction OR LVEF OR LVSF OR systolic OR myocardial contraction OR 

contract*)

Question 2: (Cancer OR neoplasm OR tumor OR tumour OR carcinoma OR 

malignancy OR Childhood cancer) AND (surviv* OR survivor OR survivors) AND 

(echocardiography OR echocardiogr*) AND (Atrial natriuretic factor OR ANP OR 

ANF OR atrial natriuretic peptides OR Brain natriuretic peptide OR BNP OR Pro-brain 

natriuretic peptide OR N-terminal pro-BNP OR NT-proBNP OR NT-proBNP OR 

proBNP) AND (ventricular dysfunction OR ventricular dysfunction, left OR ventricular 
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dysfunction, right OR shortening fraction OR ejection fraction OR LVEF OR LVSF OR 

systolic OR myocardial contraction OR contract*)

(Cancer OR neoplasm OR tumor OR tumour OR carcinoma OR malignancy OR 

Childhood cancer) AND (surviv* OR survivor OR survivors) AND (echocardiography 

OR echocardiogr*) AND (troponin T OR troponin I OR ctnt OR ctni) AND (ventricular 

dysfunction OR ventricular dysfunction, left OR ventricular dysfunction, right OR 

shortening fraction OR ejection fraction OR LVEF OR LVSF OR systolic OR 

myocardial contraction OR contract*)

Question 3: (echocardiography OR echocardiogr*) AND (Atrial natriuretic factor OR 

ANP OR ANF OR atrial natriuretic peptides OR Brain natriuretic peptide OR BNP OR 

Pro-brain natriuretic peptide OR N-terminal pro-BNP OR NT-proBNP OR NT-proBNP 

OR proBNP) AND (ventricular dysfunction OR ventricular dysfunction, left OR 

ventricular dysfunction, right OR shortening fraction OR ejection fraction OR LVEF 

OR LVSF OR systolic OR myocardial contraction OR contract*) Limits: Meta-

Analysis, Review, Adult: 19–44 years, Middle Aged: 45–64 years, Aged: 65+ years, 80 

and over: 80+ years

Question 4: (Cancer OR neoplasm OR tumor OR tumour OR carcinoma OR 

malignancy OR Childhood cancer) AND (Survivor OR survivors OR surviv*) AND 

(echocardiography OR echocardiogr*) AND (Magnetic resonance imaging OR NMR 

imaging OR MR tomography OR NMR tomography OR MRI OR MRI scan OR MRI 

scan*) AND (ventricular dysfunction OR ventricular dysfunction, left OR ventricular 

dysfunction, right OR shortening fraction OR ejection fraction OR LVEF OR LVSF OR 

systolic OR myocardial contraction OR contract*)

Question 5: (Cancer OR neoplasm OR tumor OR tumour OR carcinoma OR 

malignancy OR Childhood cancer) AND (Survivor OR survivors OR surviv*) AND 

(Cost-benefit analyses OR cost benefit analyses OR cost-benefit analysis OR cost 

benefit analysis OR cost effectiveness OR Cost-Benefit Data OR Cost Benefit Data OR 

Cost Benefit OR Benefits and Costs OR Costs and Benefits) AND (ventricular 

dysfunction OR ventricular dysfunction, left OR ventricular dysfunction, right OR 

shortening fraction OR ejection fraction OR LVEF OR LVSF OR systolic OR 

myocardial contraction OR contract*)

Working Group 3

(anthracyclines OR anthracyclin* OR idarubicin OR idarubic* OR epirubicin OR epirubic* 

OR adriamycin OR doxorubicin OR doxorubic* OR adriamyc* OR daunorubicin OR 

daunorubic* OR daunoxome OR doxil OR caelyx OR myocet OR mitoxantrone OR 

mitoxantr* OR Radiotherapy OR radiation OR radiat* OR irradiation OR X-ray therapy) 

AND (ventricular dysfunction OR ventricular dysfunction, left OR ventricular dysfunction, 

right OR shortening fraction OR ejection fraction OR LVEF OR LVSF OR systolic OR 

myocardial contraction OR contract* OR cardiomyopathy OR heart failure, congestive OR 

heart failure OR cardiomyopathy, congestive OR echocardiography OR echocardiogr* OR 

radionuclide angiography OR radionuclide ventriculography OR gated blood-pool imaging 

OR blood pool scintigraphy OR gated radionuclide ventriculography OR ventriculogr* OR 
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scintigr* OR MUGA OR angiocardiography OR angio*) AND (surviv* OR survivor OR 

survivors)

Working Group 4

In short

(Anthracyclines OR Mitoxantrone OR Radiotherapy) AND Cancer AND Survivors AND 

(A)symptomatic cardiac dysfunction AND therapy AND RCT/CCT

Complete

1. (anthracyclines OR anthracyclin* OR idarubicin OR idarubic* OR epirubicin OR 

epirubic* OR adriamycin OR doxorubicin OR doxorubic* OR adriamyc* OR 

daunorubicin OR daunorubic* OR daunoxome OR doxil OR caelyx OR myocet 

OR mitoxantrone OR mitoxantr* OR Radiotherapy OR radiation OR radiat* OR 

irradiation OR X-ray therapy) AND (Cancer OR neoplasm OR tumor OR tumour 

OR carcinoma OR malignancy OR Childhood cancer) AND (surviv* OR survivor 

OR survivors) AND (ventricular dysfunction OR ventricular dysfunction, left OR 

ventricular dysfunction, right OR shortening fraction OR ejection fraction OR 

LVEF OR LVSF OR systolic OR myocardial contraction OR contract* OR 

cardiomyopathy OR heart failure, congestive OR heart failure OR cardiomyopathy, 

congestive)

2. (ace inhibitor OR ace-inhibitor OR ace inhibitor*OR ace-inhibitor* OR 

Angiotensin-Converting Enzyme Inhibitors OR Angiotensin- Converting Enzyme 

Inhibitors[Pharmacological Action] OR Angiotensin Converting Enzyme Inhibitors 

OR Angiotensin-Converting Enzyme Antagonists OR Angiotensin Converting 

Enzyme Antagonists OR Enzyme Antagonists, Angiotensin-Converting OR 

Antagonists, Angiotensin-Converting Enzyme OR Antagonists, Angiotensin 

Converting Enzyme OR Antagonists, Kininase II OR Inhibitors, Kininase II OR 

Inhibitors, ACE OR ACE Inhibitors OR Kininase II Inhibitors OR Kininase II 

Antagonists OR Angiotensin I Converting Enzyme Inhibitors OR Angiotensin I 

Converting Enzyme Inhibitors OR Inhibitors, Angiotensin-Converting Enzyme OR 

Enzyme Inhibitors, Angiotensin-Converting OR Inhibitors, Angiotensin Converting 

Enzyme OR Angiotensin-Converting Enzyme Inhibitor* OR Angiotensin 

Converting Enzyme Inhibitor* OR Angiotensin-Converting Enzyme Antagonist* 

OR Angiotensin Converting Enzyme Antagonist* OR Kininase II Inhibitor* OR 

Kininase II Antagonist* OR Angiotensin I-Converting Enzyme Inhibitor* OR 

Angiotensin I Converting Enzyme Inhibitor* OR captopril OR enalapril OR 

fosinopril) OR (peptidyl dipeptidase OR Peptidyl Dipeptidase A OR Angiotensin I-

Converting Enzyme OR Angiotensin I Converting Enzyme OR Carboxycathepsin 

OR Kininase A OR CD143 Antigen OR CD143 Antigens OR Dipeptidyl Peptidase 

A OR Antigens, CD143 OR Angiotensin Converting Enzyme OR Kininase II)

3. (angiotensin receptor blocker OR angiotensin receptor blockers OR angiotensin 

receptor blocker* OR Angiotensin II Type 1 Receptor Blockers OR Angiotensin II 

Type 1 Receptor Antagonists OR Type 1 Angiotensin Receptor Antagonists OR 
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Type 1 Angiotensin Receptor Blockers OR Selective Angiotensin II Receptor 

Antagonists OR Sartans OR Angiotensin II OR Angiotensin Receptors/ antagonists 

& inhibitors OR Angiotensin II Type 1 Receptor Blocker* OR Type 1 Angiotensin 

Receptor Antagonist* OR Type 1 Angiotensin Receptor Blocker* OR Selective 

Angiotensin II Receptor Antagonist* OR losartan OR valsartan)

4. (beta blocker OR beta blockers OR beta-blockers OR beta-blocker OR beta-

blocker* OR beta blocker* OR Adrenergic beta Antagonists OR adrenergic beta-

antagonists OR adrenergic beta-antagonists[Pharmacological Action] OR beta-

Antagonists, Adrenergic OR Adrenergic beta-Receptor Blockaders OR Adrenergic 

beta Receptor Blockaders OR Blockaders, Adrenergic beta-Receptor OR beta-

Receptor Blockaders, Adrenergic OR beta-Adrenergic Receptor Blockaders OR 

Blockaders, beta-Adrenergic Receptor OR Receptor Blockaders, beta-Adrenergic 

OR beta Adrenergic Receptor Blockaders OR beta-Adrenergic Blocking Agents 

OR Agents, beta-Adrenergic Blocking OR Blocking Agents, beta-Adrenergic OR 

beta Adrenergic Blocking Agents OR beta-Adrenergic Blockers OR Blockers, beta-

Adrenergic OR beta Adrenergic Blockers OR beta-Blockers, Adrenergic OR 

Adrenergic beta-Blockers OR beta Blockers, Adrenergic OR Sympatholytics OR 

Sympatholytics [Pharmacological Action] OR Sympathetic-Blocking Agents OR 

Agents, Sympathetic-Blocking OR Sympathetic Blocking Agents OR 

Sympatholytic Agents OR Agents, Sympatholytic OR Sympatholytic Drugs OR 

Drugs, Sympatholytic OR Sympatholytic* OR Adrenergic beta Antagonist* OR 

Adrenergic beta-Receptor Blockader* OR Adrenergic beta Receptor Blockader* 

OR beta-Adrenergic Receptor Blockader* OR beta Adrenergic Receptor 

Blockader* OR beta-Adrenergic Blocking Agent* OR beta Adrenergic Blocking 

Agent* OR beta Adrenergic Blocker* OR beta-Adrenergic Blocker* OR 

Adrenergic beta-Blocker* OR Sympathetic-Blocking Agent* OR Sympathetic 

Blocking Agent* OR Sympatholytic Agent* OR Sympatholytic Drug* OR 

carvedilol OR atenolol OR metoprolol OR propranolol)

5. (calcium channel blocker OR calcium channel blockers OR calcium channel 

blockers[Pharmacological Action] OR calcium channel blocker* OR Exogenous 

Calcium Antagonists OR Antagonists, Exogenous Calcium OR Calcium 

Antagonists, Exogenous OR Exogenous Calcium Blockaders OR Blockaders, 

Exogenous Calcium OR Calcium Inhibitors, Exogenous OR Calcium Channel 

Blocking Drugs OR Exogenous Calcium Inhibitors OR Inhibitors, Exogenous 

Calcium OR Calcium Blockaders, Exogenous OR Channel Blockers, Calcium OR 

Blockers, Calcium Channel OR Exogenous Calcium Antagonist* OR Exogenous 

Calcium Blockader* OR Calcium Channel Blocking Drug* OR Exogenous 

Calcium Inhibitor* OR Exogenous Calcium Blockader* OR Calcium Channel 

Blocking Drug* OR Exogenous Calcium Inhibitor* OR diltiazem OR nifedipine)

6. (digoxin OR digoxin* OR Lanoxin)

7. (vasodilator OR vasodilators OR vasodilator* OR vasodilator agents OR 

vasodilator agents[Pharmacological Action] OR Agents, Vasodilator OR 

Vasodilator Drugs OR Drugs, Vasodilator OR Vasoactive Antagonists OR 
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Antagonists, Vasoactive OR Vasoactive Antagonist* OR vasodilator agent* OR 

Vasodilator Drug* OR nitroglycerin OR Glyceryl Trinitrate OR Trinitrate, 

Glyceryl OR Nitroglycerin* OR diazoxide OR adenosine)

8. (diuretic OR diuretics OR diuretic* OR diuretics[Pharmacological Action] OR 

furosemide)

9. (aldosteron antagonist OR aldosteron antagonists OR aldosterone antagonist OR 

aldosterone antagonists OR aldosterone antagonist* OR aldosteron antagonist* OR 

“Aldosterone antagonists”[Pharmacological Action] OR Antagonists, Aldosterone 

OR spironolactone)

10. (antihypertensiva OR anti-hypertensive OR anti hypertensive OR anti hypertensive 

drugs OR antihypertensive drugs OR antihypertensive agents OR antihypertensive 

agents[Pharmacological Action] OR Agents, Antihypertensive OR Anti-

Hypertensive Agents OR Agents, Anti-Hypertensive OR Anti Hypertensive Agents 

OR Anti-Hypertensive Drugs OR Anti Hypertensive Drugs OR Drugs, Anti-

Hypertensive OR Anti-Hypertensives OR Anti Hypertensives OR Antihypertensive 

Drugs OR Drugs, Antihypertensive OR Antihypertensives OR antihypertensiv* OR 

antihypertensive drug* OR anti hypertensive drug* OR antihypertensive agent* OR 

anti hypertensive agent* OR clonidine)

11. (inotropics OR inotropic OR inotropic* OR dopamine OR dobutamine OR 

epinephrine OR norepinephrine)

12. (growth hormone OR Growth Hormone, Pituitary OR Pituitary Growth Hormone 

OR Somatotropin OR Growth Hormone, Recombinant OR Growth Hormones 

Pituitary, Recombinant OR Pituitary Growth Hormones, Recombinant OR 

Recombinant Pituitary Growth Hormones OR Somatotropin, Recombinant OR 

Recombinant Somatotropin OR Recombinant Growth Hormone OR Recombinant 

Growth Hormones OR Growth Hormones, Recombinant OR Recombinant 

Somatotropins OR Somatotropins, Recombinant OR growth hormon* OR 

Somatotropin* OR Pituitary Growth Hormon* OR Recombinant Pituitary Growth 

Hormon* OR Recombinant Somatotropin* OR Recombinant Growth Hormon*)

13. ((randomized controlled trial[pt] OR controlled clinical trial[pt] OR 

randomized[tiab] OR placebo[tiab] OR drug therapy[sh] OR randomly[tiab] OR 

trial[tiab] OR groups[tiab]) AND humans[mh])

14. 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12

Appendix 2

Criteria for grading the levels of evidence for conclusions (based on modified GRADE)
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Conclusions
of evidence

Study quality Study findings Wording in conclusions

A
High level of evidence

Evidence from well 
performed and high 
quality studies or 
systematic reviews 
(low risk of bias, 
direct,* consistent, 
precise)

If a risk factor is significantly 
associated with the outcome in 
≥95% of studies

‘There is evidence that…’

B
Moderate/Low level of 
evidence

Evidence from 
studies or systematic 
reviews with few 
important limitations

If a risk factor is significantly 
associated with the outcome in 
≥50% of the studies reporting 
on this risk factor, and in the 
remaining studies this 
association is not significant

‘Evidence suggests that…’

C
Very low level of 
evidence

Evidence from 
studies with serious 
flaws (high risk of 
bias, inconsistent, 
indirect*, imprecise)

If a risk factor is significantly 
associated with the outcome in 
1 study

‘Some evidence suggests 
that…’

If a risk factor is significantly 
associated with the outcome in 
<50% of the studies, while in 
the remaining studies this 
association is not significant

If a risk factor is significantly 
(either positively or negatively) 
associated with the outcome in 
>50% of the studies, while the 
remaining studies show the 
opposite association of the risk 
factor and outcome.

Conflicting evidence N/A If a risk factor is significantly 
(both positively and negatively) 
associated with the outcome in 
the same number of studies of 
comparable quality.

‘There is conflicting 
evidence…’

No evidence N/A If no studies reported on a risk 
factor

‘No studies reported on…’

Abbreviations: GRADE, Grading of Recommendations Assessment Development and Evaluation; N/A, not applicable.

*
Direct evidence comes from research that directly compares the interventions in which we are interested when applied to 

the populations in which we are interested and measures outcomes important to patients. Studies are indirect if there are 

differences in study population (our population of interest is childhood cancer survivors), interventions, or outcome 

measures, or if there are indirect comparisons of interventions.

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading quality of evidence and strength of 

recommendations. BMJ. 2004; 328(7454): 1490.

Strength of the Recommendation (based on modified AHA/ACC criteria)

Strong recommendation to do

Benefits >>> risks & burdens

Based on high quality evidence, using anchor terms usch as ‘is recommended’, and with low degree of uncertainty.

Moderate recommendation to do

Benefits >> risks & burdens

Based on moderate quality of evidence, using anchor terms such as ‘is reasonable’, with higher degree of uncertainty.
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Weak recommendation to do

Benefits >= risks & benefits

Based on weak quality of evidence, using anchor terms such as ‘may be reasonable’, with high degree of uncertainty; 
other factors such as patient preferences and costs need to be considered in the decision making process.

Recommendation not to do

No benefit/Potentially harm

Abbreviations: AHA/ACC, American Heart Association/American College of Cardiology

Gibbons RJ, Smith S, Antman E. American College of Cardiology/American Heart Association clinical practice guidelines: 

Part I: where do they come from? Circulation. 2003; 107(23): 2979–86.

Appendix 3

Recommendations for the Acceptability of Recreational (Noncompetitive) Sports 

Activties and Exercise in Patients With GCVDs*

Appendix 3

Intensity Level HCM† LQTS†
Marfan

Syndrome‡ ARVC
Brugada

Syndrome

High

  Basketball

    Full court 0 0 2 1 2

    Half court 0 0 2 1 2

  Body building§ 1 1 0 1 1

  Ice hockey§ 0 0 1 0 0

  Racquetball/squash 0 2 2 0 2

  Rock climbing§ 1 1 1 1 1

  Running (sprinting) 0 0 2 0 2

  Skllng (downhill)§ 2 2 2 1 1

  Skllng (cross-country) 2 3 2 1 4

  Soccer 0 0 2 0 2

  Tennis (singles) 0 0 3 0 2

  Touch (flag) football 1 1 3 1 3

  Windsurfing‖ 1 0 1 1 1

Moderate

  Baseball/softball 2 2 2 2 4

  Biking 4 4 3 2 5

  Modest hiking 4 5 5 2 4

  Motorcycling§ 3 1 2 2 2

  Jogging 3 3 3 2 5

  Sailing‖ 3 3 2 2 4

  Surfing‖ 2 0 1 1 1

  Swimming (lap)‖ 5 0 3 3 4

  Tennis (doubles) 4 4 4 3 4
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Intensity Level HCM† LQTS†
Marfan

Syndrome‡ ARVC
Brugada

Syndrome

  Treadmill/stationary bicycle 5 5 4 3 5

  Weightlifting (free weights)§¶ 1 1 0 1 1

  Hiking 3 3 3 2 4

Low

  Bowling 5 5 5 4 5

  Golf 5 5 5 4 5

  Horseback riding§ 3 3 3 3 3

  Scuba diving‖ 0 0 0 0 0

  Skating# 5 5 5 4 5

  Snorkeling‖ 5 0 5 4 4

  Weights (non–free weights) 4 4 0 4 4

  Brisk walking 5 5 5 5 5

Abbreviations: HCM, hypertrophic cardiomyopathy; LQTS, prolonged QT-syndrome

Maron BJ, Chaitman BR, Ackerman MJ, et al: Recommendations for physical activity and recreational sports participation 

for young patients with genetic cardiovascular diseases. Circulation 109:2807–16, 2004

Appendix 4: Working Group Evidence Summaries

Working Group 1: “Who needs cardiomyopathy surveillance?”

1. what is the evidence behind the conversion score for different derivates for anthracyclines (including mitoxantrone)

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

van der Pal1 

2012
Retrospective 
cohort
1966–1996
22.2 yrs (5.0–
44.5)

5-yr survivors (N=1362) Conversion score:
Doxorubicin : 1.0
Daunorubicin: 1.0
Epirubicin: 0.67

Refs:
Mertens (2008): 
late mortality
Le Deley (2003): 
SMN after solid 
CA
Perez (1991): 
Breast CA (epi 
vs.dox)

Mulrooney2 2009 Retrospective 
cohort
1970–1986
27.0 yrs (8–51)

5-yr Survivors (N=14, 358)
Siblings (N=3899)

Conversion score:
Doxorubicin = Daunorubicin
Idarubicin = 3× doxorubicin

Conversion score 
based on a 
review paper 
recommendations 
(Pai Nahata 
2000)

Blanco3 2012 Case-Control
1966–2008
Cases: 9.2 (0.1–
35.1)
Controls: 12.3 
(0.4–40)

Case (CHF) – N=170
Control (none) – N=317

Conversion 
score:
Guidelines
Doxorubicin: 
1.0
Daunorubicin: 
0.75
0.83
Epirubicin: 
0.75
Idarubicin: 3

COG LTFU 
Doxorubicin: 

1.0
Daunorubicin:

Epirubicin: 
0.67

Idarubicin: 5
Mitoxantrone: 

4

Conversion score 
based on: 
Lehmann (2000), 
which is based 
on sited review 
literature with 1 
in vivo model of 
acute toxicity
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1. what is the evidence behind the conversion score for different derivates for anthracyclines (including mitoxantrone)

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

Mitoxantrone: 
3

Temming4 2011 Retrospective 
cohort
N=124, 86
1987–2004
7.3 yrs (0–21.7)

124/158 available for Cardiotox 
analysis 86 data for late cardiotox

AML 10 and 12 trials
Anthracyclines:
Dauno and Mitox
(1:5 conversion)
550–610 mg/m2

Anthracycline 
dose range 
similar across 
AML 10 and 12, 
unable to assess 
dose-association
No discussion on 
conversion factor

Creutzig5 2007 Retrospective 
cohort
1993–2003
BFM98: 3.6ys 
(0.8–7.0)
BFM93: 7.5ys 
(1.1–11)

Eligible: N=1207
Late Cartox eval: N=547 (45%)
76% of echo w/in first 5yrs

AML BFM 93 98
Dauno : Ida 1:5
Dauno : Mitox 1:5

van Dalen6 2010 Systematic review
Meta-analysis
1966–2009
RCT’s: children,
adults

Different anthracycline derivatives Dox
Epi
Lipo-Dox

Epi vs. Dox (5 RCTs) = 1036 
pts
Clinical: RR=0.36, NS
Lipo- vs. Dox (2 RCTs) = 521 
pts
Clinical: RR=0.2 (0.02–0.75)
Subclinical: RR=0.38 (0.24–
0.59)

For other 
possible 
combinations of 
different 
anthracycline 
derivatives, only 
1 RCT or no 
RCT was 
identified 
Inconclusive 
evidence for 
children

Le Deley7 2003 Case-control
1980–1999

Secondary leukemias after 
treatment of solid ca in childhood

Doxorubicin 50 mg/m2 = 75 
mg/m2 epirubicin
60 mg/m2 dauno
12.5 mg/m2 mitox

Conversion 
based on 
leukemogenic 
potential of 
anthracyclines
-NO ref for basis 
of anthracycline 
dose calculation

Neri8 1989 Observational
?Tx era: 1980’s

Doxorubicin N=9
Epirubicin N=13
Authors propose:

- Epi less concentrated 
in heart

- Epi inhibits less of 
the Na/Ca exchange 
in heart sarcomeres

- Epi produces less 
oxidative 
mitochondrial 
damage than dox

Dox 60
mg/m2
(Max 540)
Vs.
Epi 60
mg/m2
(Max 720)

Blood biomarker 
measurements, Echo’s
Epirubicin less CK-MB 
elevation
VO2 changes:
Dox vs. Epi: 44% vs. 13% 
reduction
Incidence of CHF:
Dox vs. Epi: 67% vs. 23%
Conclusion: “Epi-related 
cardiotoxicity 40% less than 
that produced by doxorubicin..”

Small numbers, 
not controlled for 
risk factors, older 
treatment era
Non-random 
assignment
tBreast CA, non-
pediatric
Acute 
cardiotoxicity
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2. What is the risk of (a)symptomatic cardiac systolic dysfunction in childhood and young adult cancer survivors 
of TBI that is above and beyond the risk due to pre-HCT anthracycline and chest radiation?

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Uderzo9 2007 Prospective cohort
1994–1997
5 yrs.

N= 162,
Age: 0–18 
y.o. at HCT

Allogeneic 
HCT
67% 
anthracyclines
58% TBI
80% HCT for 
malignancy

Decline in FS 
over time
Univariate:
TBI alone, 
p=0.04
TBI + 
Anthracyclines, 
p=0.004
Multivariate
No association 
with TBI and 
FS decline

In addition, no 
differences seen 
by gender or 
age at HCT.
TBI fractionated 
(12Gy) in nearly 
all except 2.

Lonnerholm10 1999 Prospective cohort
1985–1996
1–10 years (median 
5)

N= 45,
Age: 1.2–
16.2 at dx

Autologous 
HCT
53% TBI
Pre-HCT 
anthr: 150–
450

Standard echo: 
1y-, 3y-and 5-
post LVDD/SD, 
EF, FS
No difference in 
LV dimensions 
by TBI
No discussion 
of anthracycline 
dose and 
changes in LV 
parameters

Eames11 1997 Cross-sectional
1994–1995
Mean f-up 4.1 yrs

N=63
Age: 2y–32 
y at partic.

Allo HCT: 
82%
Auto HCT: 
18%
TBI: 65%
HD-Cy: 95%
Anth: 63.5%
Anth dose: 
308 (60–450)

Comprehensive 
cardiac echo:
NYHA grading 
of all 
participants 
Normal FS 
(>=29%): 98%
No regression 
analysis for risk 
factors for abn 
EF/FS
TBI 
(fractionated or 
not) NOT 
predictive of 
cardiotoxicity

Selection bias
22% of HCT 
population 
included
Treadmill 
exercise testing
Abnormal: 
48.4%

Armenian12 2011 Retrospective cohort
1970–1986 CCSS
1974–1998 BMTSS
CCSS: 16 yrs (+/−5)
BMTSS: 13 yrs (+/
−5.6)

Heme 
malign
CCSS: 
N=7207Age: 
8.9 yrs at dx
25 yrs at 
partic.
BMTSS: 
N=145
Age: 10.9 
yrs at dx
24 yrs at 
partic.
Sibling 
N=4020
Age: 26. yrs 
at partic.

BMTSS
Chemo + TBI: 
76.6%
Autologous 
HCT: 28%
Anthracycline:
None −8.3%
1–249 – 
50.3%
>=250 – 
41.4%
Chest 
Radiation: 
5.5%
CCSS
Anthracycline:
None – 61.0%
1–249 – 
19.3%
>=250 – 
19.7%
Chest 
radiation: 
23.1%

CTCAE graded 
chronic health 
conditions
Grade 3–5 
cardiac disease
Multivariate 
regression 
adjusting for: 
Age, gender, 
race, insurance, 
treatment era, 
time from dx, 
diagnosis, chest 
radiation, 
anthracycline 
dose
BMTSS vs. 
siblings: RR 
12.7 p<0.01
BMTSS vs. 
CCSS: RR 0.5, 
p=NS

After adjusting 
for pre-HCT 
treatment-
related 
exposures, no 
differences in 
CV outcomes 
seen, Sub-
analysis of 
specific HCT-
related 
exposures (TBI, 
HD Cytoxan) 
did not reveal a 
difference
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2. What is the risk of (a)symptomatic cardiac systolic dysfunction in childhood and young adult cancer survivors 
of TBI that is above and beyond the risk due to pre-HCT anthracycline and chest radiation?

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Armenian 200813 Case-control
1981–2003
6.4 yrs (1.3–22.1)

1+year 
survivors
Allo and 
auto HCT
Case (CHF): 
60
Control: 166
Age 43 yrs 
(+/−13)

Mean 
Anthracycline:
261 vs. 171 
mg/m2
Chest XRT: 
10% vs. 8%
TBI: 65.0% 
vs. 65.7%
HD-Cy: 
75.0% vs. 
75.3%

Clinical CHF 
per AHA/ACC 
def.
Anthracyclines 
as the only 
treatment-
related predictor 
of post-HCT 
CHF.
TBI, HD-Cy not 
significant in 
univariate or 
multivariate 
models.

Mostly adults, 
only included 
late-occurring 
events.

Armenian 201114 Retrospective cohort
Nested case-control
1988–2002
5.3 yrs (0.1–20.5 
yrs)

Autologous 
HCT
Cohort: 
N=1244
CHF: N=88
peds + 
adults
7200 person-
yrs

TBI (12 Gy 
Frax):
59.2% (60% 
vs. 59%)
HD-CY: 
85.9% (87% 
vs. 86%)
Anthracycline 
mg/m2: 309 
vs. 237, 
p<0.01

Clinical CHF 
per AHA/ACC 
def.
Multivariate 
Condit. 
regression: 
Female: RR 2.4, 
p<0.01
Lymphoma dx: 
1.5, p=0.05
Age: RR↑ wth 
age
TBI, HD-Cy 
NOT associated 
with risk

Pre-HCT 
anthracycline 
dose, and post-
HCT CV risk 
factors, gender, 
most significant 
predictors of 
post-HCT risk. 
CI of CHF 15% 
at 15 yrs in 
female 
lymphoma 
survivors.

Chow15 2011 Retrospective cohort
1985–2006

2+year 
survivors
Allo and 
auto HCT
N=1491
Gen pop (by 
age) 
matching
N=4352

Autologous: 
43.7%
Allogeneic: 
56.3%
TBI: 76.7%
HD-Cy: 
48.1%

CV outcomes, 
ICD-9 coding, 
hospital 
records: MI, 
DCM, CHF, 
stroke, other 
vascular dz.
Multivariate 
regression Risk 
of DCM, CHF:
Post HCT 
relapse: RR 1.9 
(1.1–3.3)
TBI: RR 1.0 
(0.6–1.8)
Allo HCT: 0.8 
(0.5–1.4)

No 
anthracycline in 
models Hosp 
ICD-9 codes, 
not validated 
outcomes
Post-HCT CV 
risk factors as 
significant 
predictors of 
DCM or CHF.

Tichelli162008 Retrospective cohort
1990–1995
9 yrs (1–16 yrs)

1+-year 
survivors
Allogeneic 
HCT
Adult HCT
N=548

Hem. Malign: 
85%
TBI: 58%

Limited to 
clinically 
validated 
arterial events
TBI: 70% 
(arterial dz), 
57% (no dz),
NS
Multivariate 
model:
Older age at 
HCT and 
CVRFs as the 
only 
independent 
predictors of dz.

No 
anthracycline in 
models Post-
HCT risk 
factors as 
predictors of 
post-HCT CV 
outcomes
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3. What is the risk for different anthracycline doses for developing (a)symptomatic cardiac systolic dysfunction in childhood 
and young adult cancer survivors?

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Symptomatic cardiomyopathy and anthracycline dose

van der Pal1 2012 Retrospective cohort
1966–1996
22.2 yrs (5.0–44.5)

5-yr survivors 
(N=1362)
Age at Dx: 5.9 
(0–18)

Anthracyclines: 
33.6%
Cardiac XRT: 
19.5%
Anth+XRT: 
7.9%
Median Anth: 
250 (25–775)

Symptomatic 
cardiac events 
(CE) Grading: 
CTCAE v 3.0
50 CEs in 42 
CS (CHF in 
27/50) Median 
time to event: 
18.6 yrs
Multivariate 
regression 
(Model 1)
Anthracycline 
(per 100 
mg/m2)
HR 1.8 (1.5–
2.3)
Multivariate 
regression 
(Model 2)
Anthracycline 
(Yes/No) vs. no
cardiotoxic 
therapy
HR 33.5 (4.4–
254)

Clinically validated 
outcomes
Long follow-up, large 
cohort

Blanco3 2012 Case-Control
1966–2008
Cases: 9.2 (0.1–
35.1)
Controls: 12.3 (0.4–
40)

Case (CHF) – 
N=170
Control (none) 
– N=317
Matching 
criteria:
Diagnosis
Year of Dx (+/
−5 yrs)
Race/ethnicity
Follow-up 
(controls)

Cases vs. 
controls:
Anthracyclines
291 vs. 168, 
p<0.01
Chest XRT
25% vs. 14%,
p<0.01

Clinically 
validated DCM, 
CHF
Multivariate 
(CHF):
Referent group 
– no 
anthracycline
P for trend 
p<0.001; Odds 
Ratios
1–100: 1.65
101–150: 3.85
151–200: 3.69
201–250: 7.23
251–300: 23.5
>300: 27.6

Genetic susceptibility
Matching based on 
diagnosis
Differences in mean 
anthracycline dose between 
Ca-Co’s

Temming4 2011 Retrospective cohort
1987–2004
7.3 yrs (0–21.7)

124/158 
available for 
Cardiotox 
analysis 86 data 
for late 
cardiotox
Age at Dx: 2.9 
(0.1–12.9)

AML 10 and 
12 trials
Anthracyclines:
Dauno and 
Mitox
(1:5 
conversion)
550–610 
mg/m2

Subclinical 
cardiotox 
(SF<28%)
Clinical CHF 
per AHA
Anthracycline 
dose-
relationship not 
determined

Not a very wide 
distribution of age due to 
Dx., likely reason for no 
anth-dose association

Armenian14 2011 Retrospective cohort
Nested case-control
1988–2002
5.3 yrs (0.1–20.5 
yrs)

Autologous 
HCT
Cohort: N= 
1244
CHF: N=88 
peds + adults
7200 person-
yrs

Regression:
Anthr Dose 
<150 (ref)
150–249: RR 
3.5
250–349: RR 
9.9,
>349: RR 19.8,
<0.01

CV Risk factors 
and HD (≥250 
Anth)
No HTN, No 
HD-Anth: Ref
HTN, no HD-
Anth: 3.5 (NS)
HTN + HD 
Anth: 35.3, 
<0.01

No Diab, No HD-Anth: Ref
Diab, no HD-Anth: 5.1, 
<0.01
Diab + HD Anth: 26.8, 
<0.01
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3. What is the risk for different anthracycline doses for developing (a)symptomatic cardiac systolic dysfunction in childhood 
and young adult cancer survivors?

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Clinical CHF 
per AHA/ACC 
def.

Rathe17 2010 Prospective cohort
1986–2000
8.2 yrs (1.1–30.6)

1-yr survivors 
ALL
N=116, 36 
excluded
Screening echo:
At Diagnosis
2yrs after 
completion
5-year intervals

Median age at 
Dx:
4.0 yrs (0.8–
13.4)
Median age at 
f/up:
13.o yrs (2.0–
30.5)
Median anth 
dose:
250 mg/m2 
(120–300)

1 patient with 
EF<55%
None with 
clinical CHF
Evidence of 
cardiac 
remodelling 
over time, but 
no symptoms.
No association 
with gender, 
age.

Looking specifically at 
cardiotoxicity at lower 
doses of anthracyclines 
(<300)

Mulrooney2 2009 Retrospective cohort
1970–1986
27.0 yrs (8–51)

5-yr Survivors 
(N=14, 358)
Age at Dx:
0–4 yrs: 40.1%
5–9 yrs: 22.3%
10–14 yrs: 
20.3%
15–20 yrs: 
17.3%
Siblings 
(N=3899)

Anthracyclines: 
33.1%
No Cardiac 
XRT: 29%
<5 Gy: 34%
5–15 Gy: 5.8%
15–35Gy: 
9.7%
>=35Gy: 6.9%

Self-reported 
CV outcomes
Graded per 
CTCAE v. 3.0
CHF (N=248) – 
HR 5.9 (3.4–
9.6)
Multivariate 
(CHF):
Anthracycline 
vs. none
<250 mg/m2 – 
HR 2.4 (1.5–
3.9)
>=250 mg/m2 – 
HR 5.2 (3.6–
7.4)

Self-reported
Large sample size
Long-term follow-up

Creutzig5 2007 Retrospective cohort
1993–2003
BFM98: 3.6ys (0.8–
7.0)
BFM93: 7.5ys (1.1–
11)
Median F/up late 
cartox: 5.3 (0.8–
11.5)

Eligible: 
N=1207
Late Cartox 
evaluated: 
N=547 (45%)
76% of echo 
evaluations 
done within 
first 5yrs

AML BFM 93 
and 98
Dauno : Ida – 
1:5
Dauno : Mitox 
– 1:5
Anth dose:
B 93: 300–400 
mg/m2
B 98: 420–450 
mg/m2

CI of late 
cardiotoxicity:
5% +/1 % 
(includes subset 
with early 
cardiotoxicity)
No difference 
by 
randomization:
Dauno vs. Ida
Cox 
Regression:
Age, early 
crtox, FAB
Early cartox 
only predictor 
of late

Early and late 
cardiotoxicity.
Study summary only 
presents data on late 
cardiotoxicity.
Sig. #’s lost to follow-up
Homogeneous pop:
Age
Anthracycline dose
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3. What is the risk for different anthracycline doses for developing (a)symptomatic cardiac systolic dysfunction in childhood 
and young adult cancer survivors?

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

van Dalen18 2006 Retrospective cohort
1976–2001
8.5 yrs (0.01–28.4)
F/up on prev 2001 
JCO study

830 Children 
treated with 
anthracyclines
Age at Anth 
exposure:
<2 – 9.2%
2–6 – 30.9%
7–11 – 27%
12–16 – 30.2%
>16 – 2.7%

Anthracyclines:
Mean – 288 
(15–900)
Chest XRT:
21.2%
Mitoxantrone:
Any 4.1%

CI and risk 
factors for A-
CHF
Univariate 
(CHF):
Cumulative 
anthracycline 
≥300
RR: 8.66 (2.01–
37.35), p<0.01
Multivariate 
(CHF):
Cumulative 
anthracycline 
≥300
RR: 7.78 (1.76–
34.27), p<0.01

Not limited to long-term 
survivors

Pein19 2004 Retrospective cohort
1968–1982
18 yrs

Original cohort: 
447
218 (48.8%) 
not evaluated
229 (51.2%) 
echo’s
15+year 
survivors
Age at 
treatment:
6.2 yrs (0–21)

Anthracycline:
344 mg/m2 
(40–600)
Radiotherapy:
245 (55%)

Cardiac 
abnormality:
Multivariate 
regression
Cardiac failure, 
FS<25, EF<50, 
or
ESWS>100
Cumulative 
anthracycline:
1–150 (Ref)
>150–250: RR 
2.0 (0.44–9.5)
>250–400: RR 
4.0 (0.95–17)
>400: RR 3.3 
(0.78–14)
P<0.001 (trend)

High proportion with XRT 
exposure.
Potential survival bias due 
to participation rate
XRT included in regression 
model

Green20 2001 Retrospective cohort
Case-Control
Through 1998

NWTS 1–4
Cohort 1: 1–4 
received dox
N=2,843
Cohort 2: 1–3, 
dox as part of 
salvage only
N=228

Anthracyclines
Chest XRT – 
mostly due to 
lung XRT

CI and risk 
factors for CHF
Nested Case-
Control 
Multivariate
Cumulative 
Doxorubicin:
1–199 mg/m2 
(Referent)
200–299 
mg/m2: 1.1 
(0.3–5.1), NS
≥300 mg/m2: 
6.0 (1.5–24), 
p=0.01

Homogeneous population 
due to diagnosis, the vast 
majority were exposed 
before 7 yo

Kremer21 2002 Review of 
Frequency and Risk 
Factors of 
anthracycline-
induced clinical 
heart failure
Medline search:
1966–2000

71 articles 
reviewed
Limitations in 
many studies 
evaluated:
Missing info
Lack of RF 
analysis
Non-rep. 
populations

Assess RR of 
possible Risk 
factors in 10 
studies

Univariate 
(CHF):
Risk with 
anthracycline 
dose in 5 out of 
10 studies
Goorin (1981), 
N=382
≤500 mg/m2 
(Ref)
>500 mg/m2: 
RR 4.8 (1.6–14)
Dearth (1984), 
N=112
≤400 mg/m2 
(Ref)

Multivariate regression 
showed type of 
anthracycline and maximal 
dose of anthracycline 
within 1 week were 
independent predictors of 
frequency of CHF.
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3. What is the risk for different anthracycline doses for developing (a)symptomatic cardiac systolic dysfunction in childhood 
and young adult cancer survivors?

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

>400 mg/m2: 
RR 26.1 (3.2–
210)
Sallan (1984), 
N=379
Maximal 
dose/wk <45 
mg/m2 (Ref)
Maximal 
dose/wk ≥45 
mg/m2 RR: 7.7 
(2.1–28.1)
Godoy (1997), 
N=120
≤300 mg/m2 
(Ref)
>300 mg/m2 – 
HR 1.5 (0.3–
3.9), NS
Krischer (1997)
<500 mg/m2 
(Ref)
≥500 mg/m2: 
RR 2.6 (1.1–6)

Asymptomatic cardiomyopathy and anthracycline dose (Abnormal EF, SF)

Brouwer22 2011 Cross-sectional
1976–1999
17.7 years

5-yr survivors
401 eligible
277 (69%) 
participated
8 (3%) on 
cardiac meds 
for CHF/ renal

Anthracycline
Median: 183 
(50–600)
Radiation 
63%??

Multivariate 
Logistic 
Regression 
SF<29%
Anthracycline 
≥183 mg/m2:
OR 2.2, 1.25–
3.8, p<0.01
Mediast RT: 
3.0, 1.4–6.7, 
p<0.01
TBI: 1.9, 0.6–
5.6

Good participation rates
Comprehensive echo 
screen
Long term follow-up
Handful with clinical HF 
included in analysis

van der Pal23 2010 Prospective cohort-
Survivorship clinic
1966–1997
15.4 yrs (5.1–4.3)

5-yr survivors
735 
anthracycline-
treated
601 Eligible for 
study
525 Had 
echocardiogram
Age at Dx: 8.9 
(0.1–17.8)

Anthracycline:
Med – 250 
(33–720)
Chest XRT: 
36.4%

Asymptomatic 
cardiac dysf.
Graded per 
CTCAE LVSF 
as primary 
outcome (1st 

echo)
Multivariate 
regression 
(SF<30%):
1–150 mg/m2 
(Ref)
151–300: OR 
3.98 (1.58–
10.01)
301–450: OR 
7.77 (2.85–
21.22)
>450: OR 10.58 
(3.35–33.40)

Abosoudah24 2010 Prospective cohort
-Survivorship clinic
1995–2003
3.0 yrs (1–10)

4-year 
survivors
896 
anthracycline-
treated
603 eligible for 
study

Anthracycline:
Mean – 205 
(114.7)
Chest XRT: 
34%

Screening echo 
per COG LTFU 
Guidelines Not 
limited to abn 
EF/FS
Multivariate 
regression:

Time to first abnormal 
echocardiogram
Unclear for transients
Screening frequency driven 
by age and anthracycline 
dose, so unclear 
implication
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3. What is the risk for different anthracycline doses for developing (a)symptomatic cardiac systolic dysfunction in childhood 
and young adult cancer survivors?

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

469 >=1 
screening echo
Age at Dx: 7.7 
(SD 4.6)

<200 mg/m2 
(Ref)
200–300: HR 
1.32 (0.61–
2.85)
>300: HR 3.0 
(1.51–5.98)

Hudson25 2007 Cross-sectional
9.0 (3.0–18.0)

223 
anthracycline-
treated
Vs.
55 – not at risk
Age at Dx: 5.5 
(0–23.6)

Anthracycline 
(AR)
Med: 202 (25–
510)
Chest XRT: 
29%
Anth + XRT: 
26.9%

Screening echo.
LVSF, Wall 
stress
Multivariate 
regression 
(SF<28%):
Anthracycline 
dose
50 unit 
increase: 1.19 
(1.01–1.39)

Asymptomatic
One time-point

Paulides26 2006 Prospective cohort
1992–2004
3 yrs (+/−1 yr)

LESS - 
sarcoma
1066 non-
relapse cohort
564 excluded 
502 eligible
265 with echo
Age at tx: 13 
+/5 yrs

Anthracycline:
Mean – 290 +/
−91
Chest XRT: 
6.8%

Subclinical 
FS<29% × 2
Clinical CHF – 
per AHA
4/265 Clinical 
CHF
16/265 
subclinical 
DCM
No regression 
analyses

- Clinical and 
subclinical 
DCM

- Low 
participation 
rate

- Homogeneous 
cohort, 
similar age, 
so not as clear

- Short follow-
up

- Similar to 
several other 
low-yield 
studies

Lipshultz27 2005 Prospective cohort
DF consortium: 72 
– 85-01
11.8 years

ALL survivors 
N=115
Serial echos 
N=499

Median anth:
352 mg/m2 
(45–550)

Fig 2, dose-
breakdown of 
FS Z-score:
Clear 
delineation 
between <300 
mg/m2, 300–
400 mg/m2, 
>400

No multivariate regression 
analysis

Sorensen28 2003 Prospective cohort
1970–1990
6.2–6.7 years from 
Dx

ALL survivors 
– N=101
Age dx: 4.8 +/
−2.7
Wilm;s – N=83
Age dx: 4.1 +/
−2.3
2 Echo’s mean 
4 years apart.

Anthracycline:
ALL – 180 +/
−73
WT – 301 +/
−78

Comprehensive 
echo.
Intermediate 
indices + FS
Multivariate 
linear 
regression
FS timepoint 2:
Dose × 100 mg: 
B −1.77 (−2.7, 
−0.9)
Diff FS (time 
1–2):
Dose × 100 mg: 
B −1.48 (−2.4, 
−0.5)

Homogeneous populations:
ALL and Wilm’s
Essentially comparing high 
dose vs. low-dose 
anthracycline with no 
heterogeneity in age

Kremer29 2002 Review of 
Frequency and Risk

58 articles 
reviewed

Risk Factor
analysis:

4 Studies with 
anthracyline 

6 with validity score >5
Frequency of abnormal SF
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3. What is the risk for different anthracycline doses for developing (a)symptomatic cardiac systolic dysfunction in childhood 
and young adult cancer survivors?

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Factors of 
anthracycline-
induced subclinical 
cardiotoxicity
Medline: 1966–
2001
>50 children/study

Limitations in 
many:
Missing info
Non-rep. 
populations
Non-original 
research
Validity 
evaluated in 25 
studies
10 studies with 
RF analyses
6 studies which 
defined an 
abnormal SF 
with validity 
score>5

Steinherz 
(1991)
Lipshutz 
(1991)
Silber (1993)
Sorensen 
(1995)
Lipshultz 
(1995)
Pihkala (1996)
Sorensen 
(1997)
Nysom (1998)
Lanzarini 
(2000)
Bossi (2001)

dose as 
predictor 
(limited to FS 
or EF abn)
Risk Factor 
analysis:
Steinherz 
(1991) N=201:
Anth – median 
450 (200–1275)
>cumulative 
dose × f/up
Silber (1993) 
N=150:
Anth – mean 
307 (50–750)
>anthracycline 
dose
Lipshultz 
(1995) N=87:
Anth- median 
390 (224–550)
>dosage in w3 
wks × diagnosis
>cumulative 
dose
Nysom (1998) 
N=189:
Anth range 0–
550
>cumulative 
dose

<300 mg/m2 (0–15.2%)
>300 mg/m2 (15.5%–
27.8%)

4. What is the risk for different cardiac RT doses for developing (a)symptomatic cardiac systolic dysfunction in childhood and 
young adult cancer survivors?

Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Symptomatic cardiomyopathy and radiation dose

van der Pal1 2012 Retrospective cohort
1966–1996
22.2 yrs (5.0–44.5)

5-yr survivors
(N=1362)
Age at Dx: 5.9 (0–18)

Anthracyclines: 
33.6%
Anth+XRT: 
7.9%
Median Anth: 
250 mg/m2 
(25–775)
Cardiac 
irradiation:
None (80.4%)
Any (19.5%)
Localization of 
XRT:
Thorax 
(31.6%)
Abdomen 
(24.4%)
Spine (33.5%)
TBI (10.5%)
Cardiac XRT 
(EQD2):
Thorax: 24 
(9.5–88.5)

Symptomatic 
cardiac events 
(CE)
Grading: CTCAE 
v 3.0
50 CEs in 42 CS 
(CHF in 27/50)
Median time to 
event: 18.6 yrs
CI of CHF:
Radiotherapy only: 
0.7% at 30-yrs
XRT + Anth: 7.9% 
at 30yrs
Multivariate 
regression (Model 
1)
Radiotherapy (per 
10 Gy)
HR 1.4 (1.1–2.0)
Multivariate 
regression (Model 
2)

Clinically 
validated 
outcomes
Long follow-up, 
large cohort
XRT dose 
conversion:
Fractions of 2 
Gy (EQD2) – 
includes both 
fractionation 
size and total 
dose
Model 2 
removes 
mutually 
exclusive 
cardiotoxic 
treatments.
Radiotherapy 
alone not 
significant for 
CHF, but is 
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4. What is the risk for different cardiac RT doses for developing (a)symptomatic cardiac systolic dysfunction in childhood and 
young adult cancer survivors?

Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Abd: 26.9 
(3.7–57)
Spine: 30.14 
(8–50)
TBI: 15.8 (14–
21.6)

Radiotherapy (Yes 
vs. No)
HR 6.6 (0.6–73), 
p=0.13
Anth + 
Radiotherapy (Yes 
vs. No)
HR 55.9 (6.6–
470), p<0.001

predictive of 
other cardiac 
events

Schellong30 2010 Prospective cohort
1978–1995
15.1 yrs (3.1–29.4)

Hodgkin lymphoma:
All pts. treated on 
German HD-78 to HD90 
studies
XRT field/dose reduction
Uniform anth. dose
Age at Dx:12.8 (2.5–17.9)
Cardiac screening
recs:
Every 2–3 yrs up to 10 yrs
Every 5 years thereafter
In person +questionnaire

1132 eligible 
survivors
Anthracyclines:
160mg/m2 
everyone
Mediastinal 
XRT:
Median 25Gy 
(8–50)
Mediast RT 
(MedRT)
≥36 Gy: 248 
(21.9%)
30 Gy: 133 
(11.7%)
25 Gy: 282 
(24.9%)
20 Gy: 171 
(15.1%)
None: 298 
(26.3%)

Cardiac grading 
per ACC/AHA
50/1132 (4.4%) w/ 
cardiac dz
14/1132 (1.2%) w/
myocardial dz.
10/14 (71%) – 
MedRD-36
3/14 – MedRD20–
30
25-yr CI of non-
valvular cards dz
≥36 Gy: 4%, 30 
Gy: 9%, 25
Gy: 4%, 20 Gy: 
5%, None: 3%; 
p=0.2
Cox-regression: 
MedRD only 
predictor

Low 
prevalence/ 
incidence of 
myocardial 
disease likely 
due to low dose 
of 
anthracycline.
Large study, 
long f/up, XRT 
is the only 
modified 
cardiotoxic 
exposure
Unable to look 
at anth+XRT
Non-valvular 
card dz includes 
CADz, valvular, 
conduction
Homogeneous 
patient pop 
(age)

Mulrooney2 2009 Retrospective cohort
1970–1986
27.0 yrs (8–51)

5-yr Survivors (N=14, 
358)
Age at Dx:
0–4 yrs: 40.1%
5–9 yrs: 22.3%
10–14 yrs: 20.3%
15–20 yrs: 17.3%
Siblings (N=3899)

Anthracyclines: 
33.1%
No Cardiac 
XRT: 29%
<5 Gy: 34%
5–15 Gy: 5.8%
15–35Gy: 
9.7%
>=35Gy: 6.9%

CV outcomes 
Graded per: 
CTCAE v. 3.0
CHF (N=248) – 
HR 5.9 (3.4–9.6)
Multivariate 
(CHF):
No cardiac 
radiation (Ref)
<5 Gy: HR 0.9 
(0.6–1.4)
5–15 Gy: HR 1.3 
(0.7–2.5)
15–35Gy: HR 2.2 
(1.4–3.5)
≥35Gy: HR (4.5 
(2.8–7.2)
Dose-dependent 
increase in 
cumulative 
incidence of CHF

Self-reported
Large sample 
size
Long-term 
follow-up
Cardiac XRT 
dosimetry 
calculations 
(Stovall et al.)
Significance 
emerges at 15–
35Gy
XRT data not 
mutually 
exclusive of 
anthracycline 
exposure.

Blanco3 2012 Case-Control
1966–2008

Case (CHF) – N=170
Control (none) – N=317
Matching criteria:
Diagnosis
Year of Dx (+/−5 yrs)
Race/ethnicity
Follow-up (controls)

Cases vs. 
controls:
Anthracyclines
291 vs. 168, 
p<0.01
Chest XRT 
25% vs. 14%, 
p<0.01

Clinically 
validated DCM, 
CHF
Genetic 
susceptibility
Multivariate 
(CHF):
Chest radiation
None (Ref)
Any: OR 4.29 
(1.9–9.6), p<0.001

Largest pop of 
clinically 
validated DCM, 
CHF
XRT prevalence 
difference, but 
no info on 
dosimetry.
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4. What is the risk for different cardiac RT doses for developing (a)symptomatic cardiac systolic dysfunction in childhood and 
young adult cancer survivors?

Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Aleman31 2007 Retrospective cohort
1965–1995
8.7 yrs (28 669 
person-years for 
cohort)

5-year survivors of HL
Age at treatment:
<20 yo (21.3%)
20–35 yo (63.4%)
>35 yo (15.3%)
Age at f/up:
<35 yo (16.6%)
>55 yo (20.1%)

RT only 27.5%
Chemo (CT) 
only 4.8%
RT + CT, anth 
29.5%
RT + CT, no 
anth 38%
Unknown 0.2%
17% recent 
smokers 10% 
HTN
5% diabetes
8.5% 
Dyslipidemia

Cumulative 
incidence of CHF 
25y:
No RT 0.4%
Mediastinal RT 
only 6.8%
Mediast RT + CT, 
no anth 4.9%
Mediast RT + CT, 
anth 7.9%
Multivariate 
regression (CHF):
Model 2
Mediastinal RT 
only (Ref)
Med. RT + CT, no 
anthracycline:
RR 1.3 (0.79–
2.24)
Med. RT + CT, 
anthracycline:
RR 2.81 (1.44–
5.49)

Large pop of 
adult lymphoma 
survivors (most 
<35 yo at Dx)
Very long 
follow-up
Critical role of 
cardiovascular 
risk factors
Suggest that RT 
alone no inc. 
risk for CHF? 
Ref group is RT
No dosimetry 
for cardiac XRT
Includes older 
treatment era

van Dalen18 2006 Retrospective cohort
1976–2001
8.5 yrs (0.01–28.4)
F/up on prev 2001
JCO study

830 Children treated with 
anthracyclines
Age at Anth exposure:
<2 - 9.2%
2–6 – 30.9%
7–11 – 27%
12–16 – 30.2%
>16 – 2.7%

Anthracyclines:
Mean – 288 
(15–900)
Chest XRT:
Any 21.2%
None 78.7%
Unknown 0.1%

CI and risk factors 
for A-CHF
Univariate (CHF):
RT on heart: RR 
0.67 (0.2–2.3), NS
Multivariate 
(CHF):
No association 
with chest RT 
reported.

Not limited to 
long-term 
survivors
No XRT 
dosimetry 
reported

Guldner32 2006 Retrospective cohort
Cross-sectional eval
1968–1985
5.4 yrs

447 eligible based on 
anthracycline exposure
No XRT alone pop.
245 (N=55%) participated 
in study
Age at Dx: 6.2 (0–21 yrs)

Anthracyclines:
Median: 300 
mg/m2
Entire cohort 
XRT heart 
dose:
Mean 8.1 
(15.6)

140 examined and 
healthy
24 with cardiac 
failure
65 with other 
cardiac disorders
Heart radiation 
dose:
Healthy vs. heart 
failure:
0.6 Gy vs. 17.8 
Gy, p<0.001
Dose-dependent 
increase in HF risk 
by radiation dose

No XRT heart 
dosimetry, 
dosing 
estimated

Pein19 2004 Retrospective cohort
1968–1982
18 yrs

Original cohort: 447
218 (48.8%) not evaluated
229 (51.2%) echo’s
15+year survivors
Age at treatment:
6.2 yrs (0–21)

Anthracycline:
344 mg/m2 
(40–600)
Radiotherapy:
245 (55%)
XRT dose to 
heart:
Mean 6.7 Gy 
(0–91)
Max 31.3 Gy 
(0–125)

Clear increase 
incidence w/time
Multivariate 
regression:
Cardiac failure, 
FS<25, EF<50, or 
ESWS>100 (not 
limited to CHF)
Avg. XRT dose to 
heart, p<0.001
0 No XRT (Ref)
>0–5 Gy: 1.63 
(0.82–3.26)
>5–20 Gy: 6.48 
(2.76–15.20)
>20 Gy: 4.40 
(1.11–17.48)

High proportion 
treated with 
chest radiation
Very long term 
follow-up
One of the 
earlier studies to 
demonstrate 
dose-resposne 
with XRT
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4. What is the risk for different cardiac RT doses for developing (a)symptomatic cardiac systolic dysfunction in childhood and 
young adult cancer survivors?

Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Adams33 2004 Cross-sectional
1970–1991
14.3 (5.9–27.5)

Hodgkin Lymphoma
24% participation rate
Age at diagnosis:
Median 16.5 (6.3–25.0)
Age at study visit:
Median 31.9 (18–49)

Anthracycline:
4/48 (8.3%)
Mediastinal 
XRT dose:
Median 40 Gy 
(27–52)

Comprehensive 
echo evaluation 
and stress testing
No discussion of 
CHF
Very few had 
systolic 
dysfunction
Most with indices 
of diastolic 
dysfunction

Very long-term 
follow-up
One of few 
studies to 
evaluate XRT 
without 
anthracyclines
Homogeneous 
population with 
not much 
variance in 
XRT dose
Poor 
participation 
rate

Green20 2001 Retrospective cohort
Case-Control
Through 1998

NWTS 1–4
Cohort 1: 1–4 received 
dox
N=2,843
Cohort 2: 1–3, dox as part 
of salvage only
(N=228) Age at Dx: 80% 
<8 y.o.

Anthracyclines
Chest XRT – 
mostly due to 
lung XRT

CI and risk factors 
for CHF
Risk of CHF est. 
to increase by 
factor of 1.6 for 
every 10 Gy of 
lung XRT, 1.8 for 
every 10Gy of left 
abd. XRT (no 
effect for Right)
Multivariate 
regression 
(inclanth)
Lung XRT: None 
(Ref)
10–19.9 Gy: RR 
1.5 (0.6–3.9), 
p-0.4
≥20 Gy: 4.3 (0.8–
24), p=0.1
L. Abd XRT: 
None or right 
(Ref)
Left: RR 4.0 (1.4–
11.6)

Homogeneous 
population due 
to diagnosis, the 
vast majority 
were exposed 
before 7 yo
Results 
approach sig at 
high dose lung 
XRT

Van der Pal34 

2005
Systematic review 
of risk of morbidity 
and mortality from 
cardiovascular 
disease for 
childhood cancer
Lit Review: 1966–
2002

Criteria for review:

1 Original 
report

2 English, 
Dutch, 
French, 
German

3 Study pop.: 
>50 pts.

4 Childhood 
CA: <=18 y.

5 XRT 
involving 
heart region

6 Outcome: 
Clinical 
cardiovascular 
event (CVE) 
or 
cardiovascular 
mortality

Many studies 
include arterial 
events (ie: MI) 
and CHF as 
CVE.
For CVE:
9 studies 
selected based 
on validity and 
inclusion 
criteria.
8/9 studies, 
outcome well-
defined
3/9 risk 
estimation 
well-defined 
and adequate

Relative Risk for 
CVE:
Cardiac event, 
matched for 
anthracycline, time 
at risk, cohort
Continuous tx. 
Variables (RR):
Female/Male: 4.5, 
p<0.01
Anth, 100 mg/m2: 
3.2, p<0.01
Lung RT, 10 Gy: 
1.6, p=0.06
Left abd, 10 Gy: 
1.8, p=0.02
Right abd. 10 Gy: 
0.94, p=0.77
Categorical tx. 
Variables (RR):
Female/Male: 3.7, 
p<0.01
Anth,>300 mg/m2: 
5.0, p<0.02
Lung RT >20Gy: 
3.1, p=0.21

Older treatment 
eras
For many, no 
clear delineation 
between RT-
related systolic 
heart failure vs. 
CHF due to 
coronary artery 
disease, or MI 
alone.
Dose-dependent 
Risk
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4. What is the risk for different cardiac RT doses for developing (a)symptomatic cardiac systolic dysfunction in childhood and 
young adult cancer survivors?

Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Left abd. RT: 3.5, 
p=0.02

Kremer21 2002 Review of 
Frequency and Risk 
Factors of 
anthracycline- 
induced clinical 
heart failure
Medline: 1966–
2000

71 articles reviewed
Limitations in many: 
issing info Lack of RF 
analysis Non-rep. 
populations

Assess RR of 
possible Risk 
factors in 10 
studies

Univariate (CHF): 
Risk with XRT 
reported in 4 out of 
10 studies (3 out of 
4 significant)
Gilladoga (1976) 
N=50
XRT to heart: RR 
5.2 (1.6–16.8)
Dearth (1984) 
N=116 XRT to 
heat: RR13.5 (3.4–
53.3)
Bu’Lock (1996) 
N=226
XRT to heart: 11.1 
(3.7–33.5)
Krischer (1997) 
N=6493
XRT to heart: RR 
0.7 (0.3–1.9)

Review is 
driven by 
anthracycline 
exposure
Few with XRT 
dose 
quantification 
and none with 
careful heart 
dosimetry 
calculation

Asymptomatic cardiomyopathy and radiation dose (Abnormal EF, SF).

Brouwer22 2011 Cross-sectional
1976–1999
17.7 years

5-yr survivors
401 eligible
277 (69%) participated
8 (3%) on cardiac
meds for CHF/renal

Anthracycline 
Median: 183 
(50–600)
Radiation 
63%??

No breakdown by 
dose
Multivariate 
LogisticRegression 
SF<29% 
Anthracycline 
≥183: OR 2.2, 
1.25–3.8, p<0.01 
Mediast RT: 3.0, 
1.4– 6.7,p<0.01
TBI: 1.9, 0.6–5.6

Good 
participation 
rates 
Comprehensive 
echo screen 
Long term 
follow-up
Handful with 
clinical HF 
included in 
analysis

van der Pal23 2010 Prospective cohort-
Survivorship clinic
1966–1997
15.4 yrs (5.1–4.3)

5-yr survivors 735 
anthracycline-treated 601 
Eligible for study 525 
Had echocardiogram
Age at Dx: 8.9 (0.1–17.8)

Anthracycline: 
Med – 250 
(33–720)
Chest XRT: 
36.4%
Cumm. XRT 
dose: ≤30 Gy 
10.8%
>30 Gy 23.2%

Asymptomatic 
cardiac dysf. 
Graded per 
CTCAE LVSF as 
primary outcome 
(1st echo)
LVSF<30%
XRT ≤30 vs. >30 
Gy: 12.5% vs. 
31%
Multivariate 
regression 
(SF<30%): No 
Radiotherapy 
(Ref) Odds Ratio
Thorax: 3.49 (1.6–
7.6)
Abdomen: 2.66 
(1.0–7.05)
Spine: 0.64 (0.23–
1.74)
TBI: 0.53 (0.10–
2.87)

Abosoudah24 2011 Prospective cohort -
Survivorship clinic
1995–2003
3.0 yrs (1–10)

4-year survivors 896 
anthracycline-treated
603 eligible for study 469 
>=1 screening echo
Age at Dx: 7.7 (SD 4.6)

Anthracycline: 
Mean – 205 
(114.7)
Chest XRT: 
34%

Screening echo per 
COG LTFU 
GuidelinesNot 
limited to abn 
EF/FS

Time to first 
abnormal 
echocardiogram
Screening 
frequency 
driven by age, 
anthracycline 
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4. What is the risk for different cardiac RT doses for developing (a)symptomatic cardiac systolic dysfunction in childhood and 
young adult cancer survivors?

Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

No dose in 
modelField 
involving heart

Multivariate 
regression: No 
radiation (Ref)
RT to heart: HR 
1.7 (1.1–2.8)

dose, and XRT 
so unclear 
implication

Hudson25 2007 Cross-sectional
9.0 (3.0–18.0)

223 anthracycline-treated 
Vs. 55 – not at risk
Age at Dx: 5.5 (0–23.6)

Anthracycline 
(AR) Med: 202 
(25–510)
Anth + XRT: 
26.9%
Chest XRT: 
2.7%

Screening echo.
LVSF, Wall stress
Univariate 
regression 
(SF<28%): No 
Cardiac RT (Ref)
RT: OR 0.9 (0.4–
2.05)

Asymptomatic
One time-point
No cardiac dose 
quantification

Kremer29 2002 Review of 
Frequency and Risk 
Factors of 
anthracycline-
induced subclinical 
cardiotoxicity
Medline: 1966–
2001 >50 children/
study

58 articles reviewed
Limitations in many: 
Missing info Non-rep. 
populations
Non-original research
Validity evaluated in 25 
studies 10 studies w/RF 
analyses
6 studies which defined 
an abnormal SF with 
validity score>5

Risk Factor 
analysis:
Steinherz 
(1991)
Lipshutz 
(1991)
Silber (1993)
Sorensen 
(1995)
Lipshultz 
(1995)
Pihkala (1996)
Sorensen 
(1997)
Nysom (1998)
Lanzarini 
(2000)
Bossi (2001)

1 Study with chest 
radiation dose as 
predictor (limited 
to FS or EF abn) 
Risk Factor 
analysis: Steinherz 
(1991), N=201 
>cumulative anth 
dose × f/up 
>mediastinal 
radiation
No dose-effect 
calculations

Not all 10 
studies had 
populations that 
would have 
received chest 
radiation (ie: 
ALL, AML)

5. What is the additional effect of age at treatment on developing (a)symptomatic cardiac systolic dysfunction

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Symptomatic cardiomyopathy and age

van der Pal1 2012 Retrospective cohort
1966–1996
22.2 yrs (5.0–44.5)

5-yr survivors 
(N=1362)
Age at Dx: 5.9 
(0–18)

Anthracyclines: 
33.6%
Cardiac XRT: 
19.5%
Anth+XRT: 
7.9%
Median Anth: 
250 (25–775)

Symptomatic 
cardiac events 
(CE)
Grading: 
CTCAE v 3.0
50 CEs in 42 
CS (CHF in 
27/50)
Median time to 
event: 18.6 yrs
Multivariate 
(CHF):
Age at Dx (per 
year): HR 0.98, 
NS

Clinically validated outcomes

Mulrooney2 2009 Retrospective cohort
1970–1986
27.0 yrs (8–51)

5-yr Survivors 
(N=14, 358)
Age at Dx:
0–4 yrs: 40.1%
5–9 yrs: 22.3%
10–14 yrs: 
20.3%

Anthracyclines: 
33.1%
No Cardiac 
XRT: 29%
<5 Gy: 34%
5–15 Gy: 5.8%
15–35Gy: 
9.7%

Self-reported 
CV outcomes 
Graded per 
CTCAE v. 3.0
CHF (N=248) – 
HR 5.9 (3.4–
9.6)

Self-reported
Large sample size
Long-term follow-up
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5. What is the additional effect of age at treatment on developing (a)symptomatic cardiac systolic dysfunction

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

15–20 yrs: 
17.3%
Siblings 
(N=3899)

>=35Gy: 6.9% Multivariate 
(CHF):
Age at Dx:
0–4 yrs – HR 
3.9 (2.1–7.3)
5–9 yrs – HR 
2.3 (1.3–4.0)
10–14 yrs – HR 
1.2 (0.8–1.9)
15–20 yrs – Ref

Blanco3 2012 Case-Control
1966–2008
Cases: 9.2 (0.1–
35.1)
Controls: 12.3 (0.4–
40)

Case (CHF) – 
N=170
Control (none) 
– N=317
Matching 
criteria:
Diagnosis
Year of Dx (+/
−5 yrs)
Race/ethnicity
Follow-up 
(controls)

Cases vs. 
controls:
Anthracyclines 
291 vs. 168, 
p<0.01
Chest XRT 
25% vs. 14%, 
p<0.01

Clinically 
validated DCM, 
CHF
Genetic 
susceptibility
Multivariate 
(CHF):
Age at dx (per 
year): 0.99, NS

Largest pop of clinically 
validated DCM, CHF
Ca-Co matched on diagnosis, 
by default would have also 
matched on Age at diagnosis 
(exposure)

Temming4 2011 Retrospective cohort
1987–2004
7.3 yrs (0–21.7)

124/158 
available for 
Cardiotox 
analysis 86 data 
for late 
cardiotox
Age at Dx: 2.9 
(0.1–12.9)

AML 10 and 
12 trials
Anthracyclines:
Dauno and 
Mitox (1:5 
conversion)
550–610 
mg/m2

Subclinical 
cardiotox 
(SF<28%)
Clinical CHF 
per AHA
Multivariate 
(CHF):
Age <4 yrs: 
0.76 (0.20–
2.94)
Age >=4 (Ref)

Not a very wide distribution 
of age due to Dx.

Creutzig5 2007 Retrospective cohort
1993–2003
BFM98: 3.6ys (0.8–
7.0)
BFM93: 7.5ys (1.1–
11)
Median F/up late 
cartox: 5.3 (0.8–
11.5)

Eligible: 
N=1207
Late Cartox 
evaluated: 
N=547 (45%)
76% of echo 
evaluations 
done within 
first 5yrs
Age at 
diagnosis not 
provided, all 
<18 y.o.

AML BFM 93 
and 98
Dauno : Ida – 
1:5
Dauno : Mitox 
– 1:5
Anth dose:
B 93: 300–400 
mg/m2
B 98: 420–450 
mg/m2

CI of late 
cardiotoxicity:
5% +/1 % 
(includes subset 
with early 
cardiotoxicity)
No difference 
by 
randomization: 
Dauno vs. Ida
Cox 
Regression:
Age, early 
cartox, FAB
Early cartox 
only predictor 
of late

Early and late cardiotoxicity.
Study summary only presents 
data on late cardiotoxicity.
Sig. #’s lost to follow-up
Homogeneous pop:
Age, Anthracycline dose ??
Role of HCT

van Dalen18 2006 Retrospective cohort
1976–2001
8.5 yrs (0.01–28.4)
F/up on prev 2001
JCO study

830 Children 
treated with 
anthracyclines
Age at Anth 
exposure:
<2 – 9.2%
2–6 – 30.9%
7–11 – 27%
12–16 – 30.2%
>16 – 2.7%

Anthracyclines:
Mean –288 
(15–900)
Chest XRT:
21.2%
Mitoxantrone:
Any 4.1%

CI and risk 
factors for A-
CHF
Univariate 
(CHF):
Age <=2 yrs = 
RR 0.28 (0.04–
2.1)
Multivariate 
(CHF):
No association 
with age

Not limited to long-term 
survivors

Pein19 2004 Retrospective cohort
1968–1982
18 yrs

Original cohort: 
447
218 (48.8%) 
not evaluated

Anthracycline:
344 mg/m2 
(40–600)

Clear increase 
CHD incidence 
over time

High proportion treated with 
chest radiation
Very long term follow-up
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5. What is the additional effect of age at treatment on developing (a)symptomatic cardiac systolic dysfunction

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

229 (51.2%) 
echo’s
15+year 
survivors
Age at 
treatment:
6.2 yrs (0–21)

Radiotherapy: 
245 (55%)

Univariate 
regression:
Cardiac failure, 
FS<25, EF<50, 
or ESWS>100 
(not limited to 
clinical CHF)
>=8 yrs (Ref)
0–7 years: RR 
2.63 (0.87–
7.96)
P-Value 0.08??

No mention if age was 
significant in multivariate 
regression model

Green20 2001 Retrospective cohort 
Case-Control
Through 1998

NWTS 1–4
Cohort 1: 1–4 
received dox
N=2,843
Cohort 2: 1–3, 
dox as part of 
salvage only 
(N=228)
Age at Dx: 
80% <8 y.o.

Anthracyclines
Chest XRT – 
mostly due to 
lung XRT

CI and risk 
factors for CHF
Age not 
included in 
multivariate 
model

Homogeneous population 
due to diagnosis, the vast 
majority were exposed before 
7 yo

Kremer21 2002 Review of 
Frequency and Risk 
Factors of 
anthracycline-
induced clinical 
heart failure
Medline: 1966–
2000

71 articles 
reviewed
Limitations in 
many:
Missing info
Lack of RF 
analysis
Non-rep. 
populations

Assess RR of 
possible Risk 
factors in 10 
studies

1 out of 10 
studies:
Age <4 years as 
predictor of 
CHF
Godoy (1997), 
N=69
RR = 11.7 (1.4–
96.4)

Unclear If lack of association 
with age in the other 9 
studies b/c age not evaluated 
or non-significant.

Asymptomatic cardiomyopathy and age (Abnormal EF, SF)

van der Pal23 2010 Prospective cohort-
Survivorship clinic
1966–1997
15.4 yrs (5.1–4.3)

5-yr survivors
735 
anthracycline-
treated
601 Eligible for 
study
525 Had
echocardiogram
Age at Dx: 8.9 
(0.1–17.8)

Anthracycline:
Med – 250 
(33–720)
Chest XRT: 
36.4%

Asymptomatic 
cardiac dysf.
Graded per 
CTCAE
LVSF as 
primary 
outcome (1st 

echo)
Multivariate 
regression 
(SF<30%):
Age at dx
0–5yr – OR 
2.94 (1.08–
8.02)
>5–10 – OR 
1.64 (0.67–
4.01)
>10–15 – 
(0.64–3.28)
>15 – Ref

Abosoudah24 2010 Prospective cohort-
Survivorship clinic
1995–2003
3.0 yrs (1–10)

4-year 
survivors 896 
anthracycline-
treated
603 eligible for 
study 469 >=1 
screening echo
Age at Dx: 7.7 
(SD 4.6)

Anthracycline:
Mean – 205 
(114.7)
Chest XRT: 
34%

Screening echo 
per COG
LTFU 
Guidelines
Not limited to 
abn EF/FS
Multivariate 
regression:
Age at tx:
1–4 yrs – 1.89 
(1.1–3.3); Ref 
>=5

Time to first abnormal 
echocardiogram
Unclear for transients
Screening frequency driven 
by age, so unclear 
implication
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5. What is the additional effect of age at treatment on developing (a)symptomatic cardiac systolic dysfunction

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Hudson25 2007 Cross-sectional
9.0 (3.0–18.0)

223 
anthracycline-
treated
Vs.
55 – not at risk
Age at Dx: 5.5 
(0–23.6)

Anthracycline 
(AR)
Med: 202 (25–
510)
Chest XRT: 
29%
Anth + XRT: 
26.9%

Screening echo.
LVSF, Wall 
stress
Multivariate 
regression 
(SF<28%):
Age at dx
>=5 yrs – OR 
2.41 (0.9–6.4), 
p0.08
<5 Ref

Asymptomatic
One time-point

Paulides26 2006 Prospective cohort
1992–2004
3 yrs (+/−1 yr)

LESS -sarcoma 
1066 non-
relapse cohort 
564 excluded 
(addt’l anth)
Age at tx: 13 
+/5 yrs

Anthracycline:
Mean – 290+/
−91
Chest XRT: 
6.8%

Subclinical 
FS<29%×2
Clinical CHF – 
per AHA
4/265 Clinical 
CHF
16/265 
subclinical 
DCM
No regression 
analyses

Clinical and subclinical 
DCM
Homogeneous cohort, similar 
age, so not as clear
Short follow-up

Sorensen28 2003 Prospective cohort
1970–1990
6.2–6.7 years from 
Dx

ALL survivors 
– N=101
Age dx: 4.8 +/
−2.7
Wilm;s – N=83
Age dx: 4.1 +/
−2.3
2 Echo’s mean 
4 years apart.

Anthracycline:
ALL – 180 +/
−73
WT – 301 +/
−78

Comprehensive 
echo.
Intermediate 
indices + FS
Multivariate 
linear 
regression
FS at second 
timepoint (FS2)
Age (yrs): 
−0.09 (−0.35, 
+0.16)
Difference in 
FS over time
Age (yrs): 
+0.18 (−0.09, 
+0.45)

Homogeneous populations:
ALL and Wilm’s Essentially 
comparing high dose vs. low-
dose anthracycline with no 
heterogeneity in age

Kremer29 2002 Review of 
Frequency and Risk 
Factors of 
anthracycline-
induced subclinical 
cardiotoxicity
Medline: 1966–
2001 >50 children/
study

58 articles 
reviewed
Limitations in 
many:
Missing info
Non-rep. 
populations
Non-original 
research
Validity 
evaluated in 25 
studies
RF analyses in 
10

Steinherz 
(1991)
Lipshutz 
(1991)
Silber (1993)
Sorensen 
(1995)
Lipshultz 
(1995)
Pihkala (1996)
Sorensen 
(1997)
Nysom (1998)
Lanzarini 
(2000)
Bossi (2001)

Studies with 
age as predictor
(limited to FS 
or EF abn)
Silber 1993 -
<age at tx
Lipshultz 1995 
-<age at dx
Sorensen 1997 -
>age at tx

Several studies with 
associations with age and 
other indices (ie: ESWS, 
SVI, wall thickness)
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6. What is the risk of (a)symptomatic cardiac systolic dysfunction in childhood and young adult cancer survivors 
treated with mitoxantrone?

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

Temming4 2011 Retrospective cohort
N=124, 86
1987–2004
7.3 yrs (0–21.7)

124/158 
available for 
Cardiotox 
analysis 86 
data for late 
cardiotox
Age at Dx: 
2.9 (0.1–
12.9)

AML 10 and 
12 trials
Anthracyclines:
Dauno and 
Mitox (1:5 
conversion)
550–610 
mg/m2
Amsacrine 100 
mg/m2 in 
AML 10/12

Late 
cardiotoxicity 
prevalence:
17.4% (10.9–
26.8%)
Non-relapse 
pts: 4.5% (1.5–
12%)
Time to CHF: 
1.75 yrs (0.6–
8.3)
Unclear role of 
potentiating 
cardiotoxicity 
amsacrine
Regression 
analysis does 
not include 
Mitox dose 
comparison

Not a very wide 
distribution of 
age due to Dx.
Anthracycline 
dose range 
similar across 
AML 10 and 12, 
unable to assess 
dose-association

O’Brien35 2008 Prospective Cohort
Down synd.: N=57
Vs.
Non DS: N=565
1995–1999
Long-term f/up not clear 
(chart review)

Down 
syndrome
42% with 
CHDz
Age at Dx 
<2y: 67%
AML M7: 
79%
Daunorubicin 
135 mg/m2
Mitox 80 
mg/m2
Cumulative: 
535 mg/m2
5:1 
conversion 
Mitox:Dauno
Study echo 
reqmt’s 
while on 
study and at 
end of 
therapy

POG 9421
No Mitox 
randomization

Symptomatic 
CHF 10/57: 
17.5%
Includes during 
and after tx
5/10 with CHF 
had hx of 
CHDz
9/10 with sx’s 
during therapy
Anecdotal 
report of CHF 
1.1% in non-DS 
cohort (not 
validated)
Historic DS 
studies:
POG 8821 
(dauno 135 mg/
m2): 5/34 – 
15%
CCG 2891 
(dauno 350 mg/
m2): 1% (vs. 
2% without DS)
BFM-93–98 
(220–240 
mg/m2) 2.7% 
early, 4% late 
CHF

Small numbers
Disproportionate 
number with 
CHDz
Nearly all events 
occurred while 
on tx
Long-term 
follow-up for 
cardiac 
outcomes not 
complete
Non DS 
population with 
low prevalence 
of CHF (Host 
vs. treatment vs. 
study 
methodology)
Suggestion of 
high Cardiotox 
but likely due to 
combination of 
factors

Aviles36 2005 Randomized clinical trial 
ABVD (N=191)
vs. EBVD (N=182)
vs. MBVD (N=103)
1988–1996
11.5 yrs (7.5–14.8)

Hodgkin 
lymphoma 
III–IV
Adults-onset
Median age: 
38.5–40.1 
yrs.
MBVD arm 
closed early 
due to low 
efficacy

A-Doxorubicin 
(400 mg/m2)
E-Epirubicin 
(560 mg/m2)
M-
Mitoxantrone 
(160 mg/m2)
No chest XRT

Clinical CHF 
and subclinical 
dz
Clinical CHF:
Mitox (17%), 
Epi (6%), Dox 
(9%)
SMR for 
clinical cardiac 
event:
Mitox: 67.8 
(39.8–89.4)
Epi: 19.4 (11.6–
36.8)

Adult data, 
Stages III-IV 
HL 33–38% 
smokers
Long term 
follow-up
Unbalanced 
accrual due to 
early Mitox arm 
closure
No multivariate 
regression 
Groups similar 
in characteristics
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6. What is the risk of (a)symptomatic cardiac systolic dysfunction in childhood and young adult cancer survivors 
treated with mitoxantrone?

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

Dox: 46.4 
(28.9–70.1)

van Dalen37 2004 Systematic Review 17 
studies included

- 15 
prospective

- 2 
retrospective

1966–2002

Krischer (1997) only study to 
assess risk factors

- no inclusion of 
cum. Anthracycline 
dose

- absence of CI 
reporting

- non-standardized 
definitions for 
outcome

- no risk factor, 
regression, 
analyses

CI and risk 
factors for 
mitoxantrone-
induced 
cardiotoxicity 
in children
Sympt. 
Cardiotox 
(16/17 articles):
0–6.7% (7/16 
no symptomatic 
CHF)
Asympt. 
Cardiotox 
(11/17 articles)
0–80% (2/11 no 
Cardiotox)
Risk Factor 
(Krischer):
Univariate 
analysis:
Mitox >40 
mg/m2 (RR 
5.08, p<0.05)
Multivariate 
analysis: Non-
sig

Children treated 
with Mitox at 
risk, but difficult 
to quantify CI 
and risk factors 
due to 
methodologic 
limitations of 
studies.
Difficult to find 
attribution to 
Mitox alone due 
to mixed use

Smith38 2010 Systematic Review and 
meta-analysis 55 RCTs
Majority women with 
advanced breast CA
1988–2008

15 studies comparing 
anthracycline vs. Mitox

- advanced breast ca, 
multiple myeloma, 
NHL, Hodgkin 
lymphoma

Meta-analysis:
Clinical 
cardiotoxicity
Mitoxantrone:
OR 2.88 (1.29–
6.44, p=0.01)
Subclinical 
cardiotoxicity:
OR 1.09 (0.74–
1.61, p=0.67)

?Conversion 
scores of meta-
analyses
Adult 
population

7. What is the additional effect of radiotherapy on developing (a)symptomatic cardiac systolic dysfunction in 
childhood and young adult cancer survivors treated with anthracyclines?

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

van der Pal1 

2012
Retrospective cohort
1966–1996
22.2 yrs (5.0–44.5)

5-yr 
survivors 
(N=1362)
Age at Dx: 
5.9 (0–18)

Anthracyclines: 
33.6%
Anth+XRT: 
7.9%
Median Anth:
250 mg/m2 
(25–775)
Cardiac 
irradiation:
None (80.4%)
Any (19.5%)
Localization of 
XRT:
Thorax (31.6%)

Symptomatic 
cardiac events 
(CE) Grading: 
CTCAE v 3.0
50 CEs in 42 CS 
(CHF in 27/50) 
Median time to 
event: 18.6 yrs
CI of CHF:
Radiotherapy 
only: 0.7% at 30-
yrs
XRT + Anth: 
7.9% at 30yrs

Clinically 
validated 
outcomes
Long follow-up, 
large cohort
XRT dose 
conversion:
Fractions of 2 
Gy (EQD2) – 
includes both 
fractionation size 
and total dose
Model 2 removes 
mutually 
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7. What is the additional effect of radiotherapy on developing (a)symptomatic cardiac systolic dysfunction in 
childhood and young adult cancer survivors treated with anthracyclines?

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

Abdomen 
(24.4%)
Spine (33.5%)
TBI (10.5%)
Cardiac XRT 
(EQD2):
Thorax: 24 
(9.5–88.5)
Abd: 26.9 (3.7–
57)
Spine: 30.14 (8–
50)
TBI: 15.8 (14–
21.6)

Multivariate 
regression 
(Model 1)
Radiotherapy 
(per 10 Gy)
HR 1.4 (1.1–2.0)
Multivariate 
regression 
(Model 2)
Radiotherapy 
(Yes vs. No)
HR 6.6 (0.6–73), 
p=0.13
Anth + 
Radiotherapy 
(Yes vs. No)
HR 55.9 (6.6–
470), p<0.001

exclusive 
cardiotoxic 
treatments.
Radiotherapy 
alone not 
significant for 
CHF, but is 
predictive of 
other cardiac 
events

Aleman31 2007 Retrospective cohort
1965–1995
8.7 yrs (28 669 
person-years for 
cohort)

5-year 
survivors of 
HL
Age at 
treatment:
<20 yo 
(21.3%)
20–35 yo 
(63.4%)
>35 yo 
(15.3%)
Age at f/up:
<35 yo 
(16.6%)
>55 yo 
(20.1%)

RT only 27.5%
Chemo (CT) 
only 4.8%
RT + CT, anth 
29.5%
RT + CT, no 
anth 38%
Unknown 0.2%
17% recent 
smokers
10% HTN
5% diabetes
8.5% 
Dyslipidemia

Cumulative 
incidence of 
CHF 25y:
No RT 0.4%
Mediastinal RT 
only 6.8%
Mediast RT + 
CT, no anth 
4.9%
Mediast RT + 
CT, anth 7.9%
Multivariate 
regression 
(CHF):
Model 2
Mediastinal RT 
only (Ref)
Med. RT + CT, 
no anthracycline:
RR 1.3 (0.79–
2.24)
Med. RT + CT, 
anthracycline:
RR 2.81 (1.44–
5.49)

Large pop of 
adult lymphoma 
survivors (most 
<35 yo at Dx)
Very long 
follow-up
Critical role of 
cardiovascular 
risk factors
Suggest that RT 
alone no inc. risk 
for CHF? Ref 
group is RT
Includes older 
treatment era

Pein19 2004
Br J Ca

Retrospective cohort
1968–1982
18 yrs

Original 
cohort: 447
218 (48.8%) 
not evaluated
229 (51.2%) 
echo’s
15+year 
survivors
Age at 
treatment:
6.2 yrs (0–
21)

Anthracycline:
344 mg/m2 
(40–600)
Radiotherapy:
245 (55%)
XRT dose to 
heart:
Mean 6.7 Gy 
(0–91)
Max 31.3 Gy 
(0–125)

Clear increase 
incidence w/time
Multivariate 
regression:
Cardiac failure, 
FS<25, EF<50, 
or ESWS>100 
(not limited to 
CHF)
<250 mg/m2 
Dox
<5Gy to the heart 
(Ref)
≥5 Gy: RR 4.9 
(1.3–18)
≥250 mg/m2 
Dox
<5Gy + <250 
anth (Ref)
<5Gy: RR 5.1 
(1.8–14.5)
≥5 Gy: RR 6.6 
(2.1–20.6)

High proportion 
treated with 
chest radiation
Very long term 
follow-up
One of the 
earlier studies to 
demonstrate 
dose-response 
with XRT
Potential 
interaction with 
anthracycline, 
with highest risk 
among those 
exposed to HD-
anth and XRT
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Working group 2 “What surveillance modality should be used?”

1. What is the diagnostic value (i.e. sensitivity, specificity and/or inter-observer variability) of radionuclide 
angiography as compared to echocardiography (or vice versa) for screening of asymptomatic cardiac systolic 
dysfunction in childhood and young adult cancer survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes~ Addt’l remarks

Postma39 1996 Single-center 
cohort study 
(the 
Netherlands).
Treatment 
era: 1977–
1990*.
Years of 
follow-up 
since last 
doxorubicin 
dose: mean 
8.7 years~ 

(range 2.3–
14.1).

22 long-term 
survivors of a 
malignant bone 
tumor#.
17 men/5 women; 
mean age at 
diagnosis tumor 
15.8 years~ (range 
10–21.3).
Treatment based 
on Rosen’s T5 and 
T10 protocols: 
doxorubicin 
median cumulative 
dose 360 mg/m2 

(range 225–550); 
cyclophosphamide 
median cumulative 
dose 4800 mg/m2 

(range 500–9600); 
no mediastinal 
irradiation*.

Two-dimensional 
M-mode and 
color Doppler 
echocardiography 
(single observer 
to exclude 
interobserver 
variability); an 
abnormal test 
result was defined 
as LVSF<0.29 
(n=6; prevalence 
27.3%).
Equilibrium gated 
radionuclide 
angiography 
(LVEF was 
calculated with a 
semi-automatic 
software 
program); an 
abnormal test 
result was defined 
as LVEF<55% 
(n=2; prevalence 
9.1%).
Time between 
tests: nm.

When the 
echocardiographic 
result is used as 
the reference 
standard^: 
Sensitivity: 16.7% 
(95% CI 0.9 to 
32.4)
Specificity: 93.8% 
(95% CI 87.8 to 
99.7)
Positive predictive 
value: 50% (95% 
CI 2.7 to 97.3)
Negative 
predictive value: 
75% (95% CI 70.3 
to 79.7)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 16/22 
(72.7%).

At time of 
testing clinical 
symptoms 
(fatigue and/or 
palpitations) 
were mentioned 
by 6 patients, of 
which 1 had 
physical signs of 
congestive heart 
failure*.
Selection bias 
cannot be ruled 
out (31 out of 37 
(84%) 
consecutive 
patients still 
alive at the time 
of this study: 3 
lost to follow-
up, 2 refused 
participation and 
1 excluded 
because of 
pregnancy*).
The risk of 
detection bias is 
unclear; nm if 
outcome 
assessors were 
blinded.
Low risk of 
outcome/
attrition bias: all 
22 patients had 
both tests.

Pihkala40 1994 Single-center 
cohort study 
(Finland).
Treatment 
era: 
November 
1974 through 
January 
1992.
Years of 
follow-up 
after 
transplant: 
Median 4.8 
years (range 
0.5 to 10.7).

30 bone marrow 
transplant 
survivors (20 
allogeneic, 9 
autologous and 1 
peripheral blood 
stem cells) for 
ALL (n=9), AML 
(n=7), 
neuroblastoma 
(n=8), 
retinoblastoma 
(n=1) or aplastic 
anemia (n=5). 15 
men/15 women; 
mean age at 
transplant 8.1 
years~ (range 1.1 
to 16.4); median 
age at time of 
study 9 years 
(range 1 to 25).
Treatment: High-
dose therapy 

Two-dimensional 
M-mode 
echocardiography 
(number of 
observers nm); an 
abnormal test 
result was defined 
contractility 
<-2SD (SD 
according to 
Colan) (n=4; 
prevalence 
14.8%).
ECG-gated 
radionuclide 
cineangiography 
(number of 
observers nm); an 
abnormal test 
result was defined 
as LVEF<50% 
(n=7; prevalence 
25.9%).

When the 
echocardiographic 
result is used as 
the reference 
standard^: 
Sensitivity: 0% 
(95% CI 0.00 to 
55.8)
Specificity: 69.6% 
(95% CI 69.6 to 
79.3)
Positive predictive 
value: 0% (95% 
CI 0.00 to 31.9)
Negative 
predictive value: 
80% (95% CI 80.0 
to 91.2)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 16/27 
(59.3%).

At time of 
testing none of 
the patients had 
symptomatic 
cardiac disease.
Selection bias 
cannot be ruled 
out (30 out of 41 
(73%) 
consecutive 
patients still 
alive at the time 
of this study: 
reasons for not 
participating 
nm).
The risk of 
detection bias is 
unclear; nm if 
outcome 
assessors were 
blinded.
Outcome/
attrition bias 
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1. What is the diagnostic value (i.e. sensitivity, specificity and/or inter-observer variability) of radionuclide 
angiography as compared to echocardiography (or vice versa) for screening of asymptomatic cardiac systolic 
dysfunction in childhood and young adult cancer survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes~ Addt’l remarks

preparative for 
transplant: 
cyclophosphamide 
(n=4); 
cyclophosphamide 
and TBI (n=12); 
ara- C and TBI 
(n=3); ara-C, 
VP-16 and TBI 
(n=2); VP-16, 
cisplatin, 
melphalan and 
TBI (n=9). Mean 
TBI dose 
1097CGy~ (range 
970 to 1200); 
mean number of 
fractions 4.46 
(range 1 to 6). 
Previous 
anthracyclines 
(n=25): 
cumulative 1 dose 
unclear1.

Time between 
tests: nm.

cannot be ruled 
out (for 3 out of 
30 participants 
(10%) no 
radionuclide 
cineangiography 
results were 
available).

LVSF: left ventricular shortening fraction; LVEF: left ventricular ejection fraction; nm: not mentioned; CI: confidence 

interval; N: number; ALL: acute lymphoblastic leukaemia; AML: acute myeloid leukaemia; TBI: total body irradiation

≠
In this study not only 22 childhood and young adult cancer survivors (i.e. tumor diagnosis ≤21 years) were included, but 

also 9 adult cancer survivors (i.e. tumor diagnosis ≥22 years). In this table only data for the childhood and young adult 

cancer survivors is included, unless otherwise stated.

*
For all 31 patients combined.

^
Since echocardiography is most often used to assess cardiac function in clinical practice, we have chosen the 

echocardiographic results as reference standard.

~
Calculated by the guideline developers based on information provided in the article (for the main outcomes we used the 

calculator on http://statpages.org/ctab2x2.html).

1
In the text of the article it was stated that the median cumulative dose was 140 mg/m2 (range 90 to 450), while in the table 

the range was 60 to 400 mg/m2 (median nm, mean 167 mg/m2~).

2. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP, troponin-T, and 
troponin-I to detect asymptomatic cardiac systolic dysfunction as measured by echocardiography in childhood and adult cancer 
survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes~ Addt’l remarks

Krawczuk-Rybak41 2011 Single-center 
cohort study 
(Poland).
Treatment 
era: Nm.
Years of 
follow-up 
after 
treatment 

44 childhood 
cancer survivors 
treated with 
anthracyclines 
(doxorubicin, 
daunorubicin) for 
ALL (n=37) or 
Hodgkin 
lymphoma (n=7).

Doppler and 
colour flow 
visualization 
echocardiography; 
M-mode for heart 
structures and 
Teicholz method 
for contractility 
and LVEF 

When the 
echocardiographic 
result is used as 
the reference 
standard^: 
Sensitivity: 
12.5% (95% CI 
2.3 to 27.9)

Patients had no 
history of heart 
disease and no 
signs of cardiac 
failure.
The risk of 
selection bias is 
unclear: not stated 
if all eligible 
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2. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP, troponin-T, and 
troponin-I to detect asymptomatic cardiac systolic dysfunction as measured by echocardiography in childhood and adult cancer 
survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes~ Addt’l remarks

completion: 
mean 5.91 
years (range 
1.6 to 13.8).

30 males/ 14 
females; mean age 
at diagnosis nm; 
mean age at study 
14.7 years (range 6 
to 23).
Treatment: 
Cumulative 
anthracycline dose 
for ALL 180 to 
540 mg/m2; for 
Hodgkin 
lymphoma 120 to 
240 mg/m2; 
patients with 
Hodgkin 
lymphoma 
received 15 Gy of 
radiotherapy to the 
upper mediastinum 
(no information on 
number of 
fractions).

(number of 
observers nm); an 
abnormal test 
result was defined 
as indexed stroke 
volume < 40 
ml/m2 (n=16; 
prevalence 
36.4%).
NT-pro-BNP; an 
abnormal test 
result was defined 
as > 115 ng/ml 
(n=6; prevalence 
13.6%).
Time between 
tests: nm.

Specificity: 
85.7% (95% CI 
79.9 to 94.5)
Positive 
predictive value: 
33.3% (95% CI 
6.1 to 74.4)
Negative 
predictive value: 
63.2% (95% CI 
58.9 to 69.6)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 26/44 
(59.1%).

patients or a 
random sample 
thereof were 
included.
The risk of 
detection bias is 
unclear; nm if 
outcome assessors 
were blinded.
Low risk of 
outcome/attrition 
bias: all 44 
patients had both 
tests.

Brouwer22 2011 Single-center 
cross-
sectional 
study (the 
Netherlands).
Treatment 
era: between 
1976 and 
1999; current 
tests between 
August 2004 
and April 
2007.
Years of 
follow-up 
post-
treatment: 
median 18.2 
years (range 
5.4 to 30.8).

277 childhood 
cancer survivors ≥ 
18 years treated 
with potential 
cardiotoxic therapy 
(i.e. anthracyclines, 
platinum analogues 
or radiotherapy on 
mediastinum 
(including mantle 
field, spine or total 
body) for leukemia 
(n=113), malignant 
lymphoma (n=56), 
sarcoma (n=48), 
brain tumor 
(n=32), nephro/
neuroblastoma 
(n=23) or germ cell 
tumor (n=5) and 
surviving at least 5 
years after 
diagnosis.
155 males/122 
females; median 
age at diagnosis 
8.8 years (range 0 
to 20.1); median 
age at cardiac 
evaluation 27.5 
years (range 18.1 
to 48.2).
Treatment: Median 
cumulative 
anthracycline dose 
(doxorubicin, 
daunorubicin) 183 
mg/m2 (range 50–
600); median dose 
of mediastinal 
radiotherapy 25 Gy 

2D 
echocardiography, 
colour flow 
mapping 2D 
guided M-mode 
blood pool and 
tissue velocity 
imaging 
(performed by a 
single skilled 
technician masked 
to treatment 
versus control 
group to exclude 
interobserver 
variability); an 
abnormal test 
result was defined 
as LVSF < 29% 
(n=97; prevalence 
37%) or WMSI > 
1.00 (n=38; 
prevalence 
14.5%).
NT-pro-BNP; an 
abnormal test 
result was defined 
as > 125 ng/ml 
(n=32; prevalence 
12.2%).
Time between 
tests: nm.

When the 
echocardiographic 
result of the 
LVSF is used as 
the reference 
standard^: 
Sensitivity: 
16.5% (95% CI 
10.9 to 22.1)
Specificity: 
90.3% (95% CI 
87.0 to 93.6)
Positive 
predictive value: 
50% (95% CI 
33.1 to 66.8)
Negative 
predictive value: 
64.8% (95% CI 
62.4 to 67.1)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 165/262 
(63.0%).
When the 
echocardiographic 
result of the 
WMSI is used as 
the reference 
standard^: 
Sensitivity: 
31.6% (95% CI 
19.2 to 45.1)
Specificity: 
91.1% (95% CI 
89.0 to 93.4)
Positive 
predictive value: 

Patients with 
current treatment 
for a relapse or 
secondary 
malignant disease 
or with mental 
incapacity were 
excluded.
At time of study 
263 out of 274 
patients had 
NYHA class I and 
11 out of 274 
NYHA class II; 
for 3 patients no 
data mentioned. 
17 out of 275 
patients used 
cardioactive 
medications 
(ACE-inhibitor, 
β-blocker or 
diuretic); for 2 
patients this was 
unknown; nm if 
all patients 
receiving 
medication did 
for cardiac 
causes.
Selection bias 
cannot be ruled 
out (277 out of 
401 eligible 
patients (69%) 
participated in 
this study).
The risk of 
detection bias is 
low; the 
echocardiographic 
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2. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP, troponin-T, and 
troponin-I to detect asymptomatic cardiac systolic dysfunction as measured by echocardiography in childhood and adult cancer 
survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes~ Addt’l remarks

(no information on 
number of 
fractions); no 
further information 
on treatment doses 
provided; all 
patients received 
anthracyclines, 
platinum analogues 
or radiotherapy as 
described above.

37.5% (95% CI 
22.7 to 53.6)
Negative 
predictive value: 
88.7% (95% CI 
86.6 to 90.9)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 216/262 
(82.4%).

outcome assessor 
was blinded.
Outcome/attrition 
bias cannot be 
ruled out (only for 
262 out of 277 
patients (95%) 
both test were 
available).
The authors stated 
that the high 
prevalence of 
abnormal LVSF 
in apparently 
healthy sibling 
controls suggests 
(22%) the 
possibility of 
false-positive 
findings and 
challenges the 
appropriateness of 
LVSF as a 
reliable marker of 
systolic function 
in adults.

Mavinkurve-Groothuis42 2009 Single-center 
cohort study 
(the 
Netherlands).
Treatment 
era: Nm 
(current 
study 
executed 
between May 
2006 and 
October 
2007).
Median years 
of follow-up: 
13.8 years 
(range 5 to 
28.7).

122 long-term 
survivors of 
childhood cancer 
treated with 
anthracyclines for 
ALL (n=38), AML 
(n=8), 
ependymoma 
(n=1), Ewing 
sarcoma (n=6), 
hepatoblastoma 
(n=3), Hodgkin 
lymphoma (n=13), 
neuroblastoma 
(n=6), NHL 
(n=30), 
osteosarcoma 
(n=3), 
rhabdomyosarcoma 
(n=4) or Wilms 
tumor (n=10).
62 males/60 
females; median 
age at diagnosis 
5.7 years (range 
0.03 to 14.4); 
median age at 
study 21 years 
(range 5 to 39.4 
years).
Treatment: Median 
cumulative 
anthracycline dose 
(doxorubicin 
and/or 
daunorubicin) 180 
mg/m2 (range 50–
542); 7 patients 

Transthoracic M-
mode 
echocardiography 
(performed by 
experienced 
echocardiographic 
technicians and 
supervised by 2 
(pediatric) 
cardiologists who 
were unaware of 
the cumulative 
chemotherapy 
dose and levels of 
NT-pro-BNP); an 
abnormal test 
result was defined 
as LVEF < 55% 
(n=9; prevalence 
7.4%).
NT-pro-BNP; an 
abnormal test 
result was defined 
as males <10 
pmol/L, females 
<18 pmol/L and 
for children age 
dependent 
reference values 
by Albers et al 
(n=16; prevalence 
13.1%).
Both tests were 
performed at the 
same time.

When the echo 
result is used as 
the reference 
standard^: 
Sensitivity: 
22.2% (95% CI 
4.0 to 57.0)
Specificity: 
87.6% (95% CI 
86.2 to 90.4)
Positive 
predictive value: 
12.5% (95% CI 
2.3 to 32.1) 
Negative 
predictive value: 
93.4% (95% CI 
91.8 to 96.3)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 101/122 
(82.8%).

At time of testing 
none of the 
patients had 
symptomatic 
cardiac disease 
(defined as < 
NYHA class II) 
or a history of 
cardiovascular 
disease or chronic 
renal 
insufficiency.
The risk of 
selection bias is 
unclear: all 
consecutive 
patients who 
visited the Late 
Effects Clinic 
during the study 
period were 
included, but it is 
not stated if those 
patients 
represented a 
random sample of 
the complete 
cohort of 
survivors.
The risk of 
detection bias is 
low; 
echocardiographic 
outcome assessors 
were blinded.
Low risk of 
outcome/attrition 
bias: all 122 
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2. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP, troponin-T, and 
troponin-I to detect asymptomatic cardiac systolic dysfunction as measured by echocardiography in childhood and adult cancer 
survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes~ Addt’l remarks

also received 
mediastinal 
irradiation (no 
further information 
provided).

patients had both 
tests.

Mavinkurve-Groothuis42 2009 Single-center 
cohort study 
(the 
Netherlands).
Treatment 
era: nm 
(current 
study 
executed 
between May 
2006 and 
October 
2007).
Median years 
of follow-up: 
13.8 years 
(range 5 to 
28.7).

122 long-term 
survivors of 
childhood cancer 
treated with 
anthracyclines for 
ALL (n=38), AML 
(n=8), 
ependymoma 
(n=1), Ewing 
sarcoma (n=6), 
hepatoblastoma 
(n=3), Hodgkin 
lymphoma (n=13), 
neuroblastoma 
(n=6), NHL 
(n=30), 
osteosarcoma 
(n=3), 
rhabdomyosarcoma 
(n=4) or Wilms 
tumor (n=10).
62 males/60 
females; median 
age at diagnosis 
5.7 years (range 
0.03 to 14.4); 
median age at 
study 21 years 
(range 5 to 39.4 
years).
Treatment: Median 
cumulative 
anthracycline dose 
(doxorubicin 
and/or 
daunorubicin) 180 
mg/m2 (range 50–
542); 7 patients 
also received 
mediastinal 
irradiation (no 
further information 
provided).

Transthoracic M-
mode 
echocardiography 
(performed by 
experienced 
echocardiographic 
technicians and 
supervised by 2 
(pediatric) 
cardiologists who 
were unaware of 
the cumulative 
chemotherapy 
dose and levels of 
cardiac troponin 
T); an abnormal 
test result was 
defined as LVEF 
< 55% (n=9; 
prevalence 7.4%) 
or as LVSF < 
29% (n=4; 
prevalence 3.3%).
Cardiac troponin 
T; an abnormal 
test result was 
defined as ≥ 0.010 
ng/ml (n=0%; 
prevalence 0%)
Both tests were 
performed at the 
same time.

When the 
echocardiographic 
result of the 
LVEF is used as 
the reference 
standard^: 
Sensitivity: 0% 
(95% CI 0 to 0)
Specificity: 100% 
(95% CI 100 to 
100)
Positive 
predictive value: 
NaN
Negative 
predictive value: 
92.6% (95% CI 
92.6 to 92.6)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 113/122 
(92.6%).
When the 
echocardiographic 
result of the 
LVSF is used as 
the reference 
standard^: 
Sensitivity: 0% 
(95% CI 0 to 0)
Specificity: 100% 
(95% CI 100 to 
100)
Positive 
predictive value: 
NaN
Negative 
predictive value: 
96.7% (95% CI 
96.7 to 96.7)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 118/122 
(96.7%).

At time of testing 
none of the 
patients had 
symptomatic 
cardiac disease 
(defined as < 
NYHA class II) 
or a history of 
cardiovascular 
disease or chronic 
renal 
insufficiency.
The risk of 
selection bias is 
unclear: all 
consecutive 
patients who 
visited the Late 
Effects Clinic 
during the study 
period were 
included, but it is 
not stated if those 
patients 
represented a 
random sample of 
the complete 
cohort of 
survivors.
The risk of 
detection bias is 
low; 
echocardiographic 
outcome assessors 
were blinded.
Low risk of 
outcome/attrition 
bias: all 122 
patients had both 
tests.

Sherief44 2012 Single-center 
cohort study 
(Egypt).
Treatment 
era: nm.
Mean years 
of follow-up: 
not 
completely 
clear from 

50 survivors of 
childhood acute 
leukemia (n=39 
ALL; n=11 AML) 
treated with 
anthracyclines.
30 males/20 
females; mean age 
at diagnosis 8.4 
years (range 3 to 

Conventional 
echocardiography 
(no further 
information 
provided; number 
of observers nm); 
an abnormal test 
result was defined 
as LVEF < 55% 
or a LVSF < 29% 

When the 
echocardiographic 
result is used as 
the reference 
standard^: 
Sensitivity: 0% 
(95% CI 0 to 0)
Specificity: 100% 
(95% CI 100 to 
100)

At time of testing 
all survivors were 
asymptomatic 
(i.e. no signs and 
symptoms of 
cardiac 
impairment); 
patients with 
renal or hepatic 
impairment were 

Armenian et al. Page 52

Lancet Oncol. Author manuscript; available in PMC 2016 March 01.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



2. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP, troponin-T, and 
troponin-I to detect asymptomatic cardiac systolic dysfunction as measured by echocardiography in childhood and adult cancer 
survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes~ Addt’l remarks

manuscript, 
but most 
likely 3.75 
years (range 
1.5 to 6).

15); mean age at 
evaluation 11.63 
years (range 8 to 
16).
Treatment: n=18 
cumulative 
anthracycline dose 
<150–300 mg/m2; 
n=32 cumulative 
anthracycline dose 
> 300 mg/m2 (but 
elsewhere in the 
manuscript n=19 < 
300mg/m2 and 
n=31 > 300 mg/m2 

was mentioned).

(n=8 subclinical 
cardiotoxicity in 
the form of 
increase of left 
ventricular 
dimension and 
EF; prevalence 
16%).
Cardiac troponin 
T; an abnormal 
test result was 
defined as > 0.010 
ng/ml (n=0; 
prevalence 0%).
Time between 
tests: Nm.

Positive 
predictive value: 
NaN
Negative 
predictive value: 
84% (95% CI 84 
to 84)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 42/50 
(84%).

excluded as were 
patients with a 
history of cardiac 
disease and 
hypertension.
The risk of 
selection bias is 
unclear; not clear 
if these 50 
patients were all 
eligible patients 
or a random 
sample thereof.
The risk of 
detection bias is 
unclear; nm if 
outcome assessors 
were blinded.
Low risk of 
outcome/attrition 
bias: all 50 
patients had both 
tests.

Kismet45 2004 Multi-center 
cohort study 
(Turkey).
Treatment 
era: June 
1982 to 
August 2000.
Median time 
from last 
doxorubicin 
dose: 12 
months 
(range 1 to 
168).

24 childhood 
cancer patients 
who received 
doxorubicin for 
treatment of 
Hodgkin disease 
(n=4), 
rhabdomyosarcoma 
(n=4), Ewing 
sarcoma (n=3), 
osteosarcoma 
(n=3), malignant 
mesenchymal 
tumor (n=3). 
Wilms tumor 
(n=2), 
neuroblastoma 
(n=1), 
hepatoblastoma 
(n=1), clear cell 
sarcoma (n=1), 
malignant 
mesothelioma 
(n=1) and primitive 
neuroectodermal 
tumor (n=1).
14 males/10 
females; median 
age at diagnosis 
nm; median age at 
study 14 years 
(range 3–31).
Treatment: Median 
cumulative 
doxorubicin dose 
480 mg/m2 (range 
400 to 840); 4 
patients also 
received 
mediastinal 
irradiation (no 

Two-dimensional, 
M-mode and 
Doppler 
echocardiography 
performed by 
pediatric 
cardiologists 
(number of 
observers nm); an 
abnormal test 
result was defined 
as LVEF < 55% 
and LVSF < 29% 
(n=2; prevalence 
8.3%).
Cardiac troponin 
T; an abnormal 
test result was 
defined as ≥ 0.010 
ng/ml (n=3; 
prevalence 
12.5%).
Time between 
tests: within 24 
hours.

When the 
echocardiographic 
result is used as 
the reference 
standard^: 
Sensitivity: 50% 
(95% CI 2.7 to 
97.2)
Specificity: 
90.9% (95% CI 
86.6 to 95.2)
Positive 
predictive value: 
33.3% (95% CI 
1.8 to 64.8)
Negative 
predictive value: 
95.2% (95% CI 
90.7 to 99.7)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 21/24 
(87.5%).

None of the 
patients had 
clinical evidence 
of abnormal 
cardiac functions; 
patients with 
evidence of renal 
disease were 
excluded from the 
study.
The risk of 
selection bias is 
unclear; not clear 
if these 24 
patients were all 
eligible patients 
or a random 
sample thereof.
The risk of 
detection bias is 
unclear; nm if 
outcome assessors 
were blinded.
Low risk of 
outcome/attrition 
bias: all 24 
patients had both 
tests.

Armenian et al. Page 53

Lancet Oncol. Author manuscript; available in PMC 2016 March 01.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



2. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP, troponin-T, and 
troponin-I to detect asymptomatic cardiac systolic dysfunction as measured by echocardiography in childhood and adult cancer 
survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes~ Addt’l remarks

further information 
provided).

Soker46 2005 Single-center 
study 
(Turkey).
Treatment 
era: October 
2000 and 
December 
2004.
Mean 
follow-up 
after the last 
anthracycline 
dose 9.39 
months 
(range 1 to 
42).

31 childhood 
cancer patients 
who received 
doxorubicin for 
treatment of ALL 
(n=27), AML 
(n=2), Hodgkin 
disease (n=1), 
NHL (n=1).
14 males/17 
females; median 
age at diagnosis 
nm; median age at 
study 8.16 years 
(range 4 to 15).
Treatment: Median 
cumulative 
doxorubicin dose 
240 mg/m2 (range 
30–600).

Two-dimensional, 
pulse-wave 
Doppler and M-
mode 
echocardiography 
(performed by 1 
experienced 
pediatric 
cardiologist); an 
abnormal test 
result was defined 
as LVEF < 60% 
and LVSF < 30% 
(n=4; prevalence 
12.9%).
Cardiac troponin 
I; an abnormal 
test result was 
defined as ≥ 0.50 
ng/ml (n=0; 
prevalence 0%).
Time between 
tests: performed 
simultaneously.

When the 
echocardiographic 
result is used as 
the reference 
standard^: 
Sensitivity: 0% 
(95% CI 0 to 0)
Specificity: 100% 
(95% CI 100 to 
100)
Positive 
predictive value: 
NaN
Negative 
predictive value: 
87.1% (95% CI 
87.1 to 87.1)
Agreement 
between tests (i.e. 
either both 
abnormal or both 
normal): 27/31 
(87.1%).

Two of the 4 
patients with 
systolic 
dysfunction had 
clinical findings; 
patients who 
received 
mediastinal 
irradiation or had 
other illnesses 
such as infections 
were excluded.
The risk of 
selection bias is 
unclear; not clear 
if these 31 
patients were all 
eligible patients 
or a random 
sample thereof.
The risk of 
detection bias is 
unclear; nm if 
outcome assessors 
were blinded.
Low risk of 
outcome/attrition 
bias: all 31 
patients had both 
tests.

Nm: not mentioned; ALL: acute lymphoblastic leukaemia; n: number; LVEF: left ventricular ejection fraction; CI: 

confidence interval; LVSF: left ventricular shortening fraction; WMSI: wall motion score index; NYHA: New York Heart 

Association; AML: acute myeloid leukaemia; NHL: non-Hodgkin lymphoma; NaN: not a number (data type)

^
Since echocardiography is most often used to assess cardiac function in clinical practice, we have chosen the 

echocardiographic results as reference standard

~
Calculated by the guideline developers based on information provided in the article (for the main outcomes we used the 

calculator on http://statpages.org/ctab2x2.html)

*
It was unclear if both or only one of the two markers should have been abnormal for this definition

3. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP to detect 
asymptomatic cardiac systolic dysfunction as measured by echocardiography in adult non-cancer populations?

First Author
Year

Study Design Participants Diagnostic tests Main outcomes# Addt’l remarks

Hill47 2008 Systematic 
review of 
RCTs and 
observational 
studies 
(published 
between 1989 
and February 
2005). For 
screening 
studies general 

Setting:
population-
based cohort 
study (n=1; 
males and 
females 
reported 
separately), GP 
sample (n=1), 
population 
samples (n=3), 

Index test:
BNP (n=5) or NT-
pro-BNP (n=2)¶.
Reference 
standard:
LVSD based on 
LVEF (n=5) or a 
combination of LV 
mass, LVEF<50% 
and moderate to 
severe LVSD 

BNP:
Sensitivity: range 
26–93%
Specificity: range 
47–89%
NT-pro-BNP:
Sensitivity: range 
70–80%
Specificity: range 
63–85%

Risk of bias 
assessment of 
included studies: 
nm.
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3. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP to detect 
asymptomatic cardiac systolic dysfunction as measured by echocardiography in adult non-cancer populations?

First Author
Year

Study Design Participants Diagnostic tests Main outcomes# Addt’l remarks

populations 
with no known 
symptomatic 
heart failure 
were included.
6 studies were 
addressing our 
question* (n=2 
cross sectional 
study, n=4 
cohort study).

cohort with 
stable coronary 
artery disease 
(n=1).
Sample size:
range 293–
2042 
participants (1 
study 
presented 
males (1470) 
en females 
(1707) 
separately: 
3177 in total).
Males:
range 43–
49.6% (n=3), 
results 
presented for 
males and 
females 
separately 
(46.3% males) 
(n=1), nm 
(n=2).
Age:
range mean 
age 58–75 
years (n=3), 
>45 years 
(n=1), range 
50–90 years 
(n=1), nm 
(n=1).
Prevalence 
cardiac 
dysfunction:
1–16%.

(LVEF<40%) 
(n=1).
Time between 
tests:
Nm.
Cutoff points:
BNP: range 21-
>115 pg/mL.
NTproBNP: range 
>338–850 pg/mL.
Reference test: 
LVEF range 35–
55%.

Ewald48 2008 Systematic 
review of 
prospective 
studies 
(published up 
to June 2005).
7 studies were 
addressing our 
question*.

Setting:
population-
based cohort 
studies (n=2; 1 
study reporting 
males and 
females 
separately), GP 
samples (n=2), 
population 
samples (n=3).
Sample size:
range 203–
1997 
participants (1 
study 
presented 
males (1470) 
and females 
(1707) 
separately: 
3177 in total).
Males:
range 43–56% 
(n=6), results 
presented for 
males and 
females 
separately 

Index test:
BNP (n=5) or NT-
pro-BNP (n=3)¶.
Reference 
standard:
LVSD based on 
LVSF (n=1), 
LVEF (n=4), wall 
motion index 
(n=2).
Time between 
tests:
nm for each study 
separately, but it 
was stated that the 
quality of studies 
was generally 
adequate, except 
for 1 study with 
delays up to one 
year between both 
tests.
Cutoff points:
BNP: range 6.9–
19.2 pM/L (n=4); 
>54.5 pg/ml (n=1).
NTproBNP: range 
37.7–48.9 pM/L 
(n=2), nm (n=1).

BNP:
Sensitivity: range 
55–90%~

Specificity: range 
77–90%~

NT-pro-BNP:
Sensitivity: range 
76–92%
Specificity: range 
67–81%

Risk of bias 
assessment of 
included studies 
was based on (1) 
blinding of 
outcome assessor 
for other test 
result, (2) detailed 
description of 
methods and 
criteria for both 
tests, and (3) 
performance of 
both tests on same 
day. The quality of 
included studies 
was generally 
adequate, but in 1 
study delays of up 
to 1 year occurred 
between the 
echocardiography 
and the peptide 
estimation (no 
further 
information 
provided); a 
sensitivity analysis 
taking into account 
the quality score 
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3. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP to detect 
asymptomatic cardiac systolic dysfunction as measured by echocardiography in adult non-cancer populations?

First Author
Year

Study Design Participants Diagnostic tests Main outcomes# Addt’l remarks

(46.3% males) 
(n=1).
Median/
average age:
range 58–75 
years.
Prevalence 
cardiac 
dysfunction: 
0.6–6.9%.

Reference test: 
LVSF: 28% (n=1); 
LVEF: range 40–
50% (n=4); wall 
motion index: >2 
(n=1) and < 1.7 
(equates LVEF < 
40%) (n=1).

was done, but not 
presented in the 
paper

Wang49 2003 Systematic 
review of 
studies of 
patients with 
asymptomatic 
LVSD 
(published 
between 1975 
and November 
2002). 13 
studies were 
addressing our 
question* (n=5 
community 
based studies, 
n=6 referral 
series).

Setting:
population-
based cohort 
studies (n=3; 1 
study reporting 
males and 
females 
separately), GP 
sample (n=1), 
population 
sample (n=1), 
referral series 
(not further 
specified) 
(n=6).
Sample size:
Community 
based: range 
126–1707 
participants (1 
study 
presented 
males (1470) 
and females 
(1707) 
separately: 
3177 in total);
Referral series: 
range 75–466 
participants.
Males: 
Community 
based: only 
men (n=1), 
results 
presented for 
males and 
females 
separately 
(46.3% males) 
(n=1), nm 
(n=3).
Referral series: 
nm (n=6)
Age:
Nm.
Prevalence 
cardiac 
dysfunction:
Nm.

Index test#:
Community based: 
BNP (n=3), NT-
ANP (n=2).
Referral series: 
BNP (n=5), NT-
ANP (n=1).
Reference 
standard: 
Community based: 
LVSD based on 
LVSF (n=1), LVSF 
or mild or greater 
reduction in LVEF 
on visual 
estimation (n=1) or 
LVEF (n=3).
Referral series: 
LVSD based on 
LVEF alone (n=4), 
LVEF in rest or 
exercise (n=1) or 
LVEF or wall-
motion 
abnormalities 
(n=1)
Time between 
tests:
Nm.
Cutoff points:
Community based:
BNP: range 17.9–
34 ng/L.
NT-ANP: range 
398–800 pmol/L.
Reference test: 
LVSF: range 0.28–
0.29 (no further 
information 
provided on 
combination with 
LVEF reduction); 
LVEF: range 0.30–
0.45.
Referral series:
BNP: range 13.8–
87 ng/L.
NT-ANP: 54 
pmol/L
Reference test: 
LVEF: range 0.35–
0.55 (LVEF at rest 
or during exercise: 
resting LVEF<0.45 
or exercise 
LVEF<0.55; no 
further information 
provided on 
combination with 

Community 
based:
BNP:
Sensitivity: range 
26–77%
Specificity: range 
84–89%
NT-ANP:
Sensitivity: range 
43–86%
Specificity: range 
75–89%
Referral series:
BNP:
Sensitivity: range 
58–100%
Specificity: range 
58–81%
NT-ANP:
Sensitivity: 90%
Specificity: 92%

Risk of bias 
assessment of
included studies: 
nm.
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3. What is the diagnostic value (i.e. sensitivity and/or specificity) of biomarker ANP, BNP, NT-pro-BNP to detect 
asymptomatic cardiac systolic dysfunction as measured by echocardiography in adult non-cancer populations?

First Author
Year

Study Design Participants Diagnostic tests Main outcomes# Addt’l remarks

wall motion 
abnormalities).

RCT: randomized controlled trial; n: number; nm: not mentioned; GP: general practitioner; LVSD: left ventricular systolic 

dysfunction; LVEF: left ventricular ejection fraction; LV: left ventricular; LVSF: left ventricular shortening fraction

*
We only included studies that used a measure of asymptomatic cardiac systolic dysfunction as the reference standard. 

Studies comparing biomarkers with measures of diastolic dysfunction, a qualitative assessment, a clinical assessment or 

studies that did not report the reference test were excluded. We included all studies reporting LVEF as a reference test, 

although in the different systematic reviews it was not reported if in the individual studies LVEF was measured by 

echocardiography or radionuclide angiography. Only studies for which sensitivity and/or specificity were available were 

eligible. Please note that there is overlap in included studies between the different systematic reviews.

#
Some studies presented results for different cutoff points for either one or both diagnostic tests and/or for males and 

females separately; we have included all available information in this evidence table

¶
one study assessed both tests

~
For one of the included studies sensitivity and specificity were calculated by the guideline developers based on 

information provided in the systematic review

≠
Only results for the better performing biomarker (if applicable, i.e. either BNP or NT-ANP) were presented in the 

systematic review

4. What is the diagnostic value (i.e. sensitivity, specificity and/or inter-observer variability) of MRI as compared 
to echocardiography (or vice versa) for detection of asymptomatic cardiac systolic dysfunction in childhood and 
young adult cancer survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes Addt’l remarks

Armstrong50 2012 Single-
center 
cohort 
study 
(USA).
Treatment 
era: nm.
Years of 
follow-up 
since 
cancer 
diagnosis: 
mean 27.7 
years 
(range 
18.4–38.3).

134 adult 
childhood 
cancer 
survivors 
(cancer 
diagnosed 
before age 21 
years) treated 
with 
chestdirected 
radiotherapy 
and/or 
anthracyclines 
for ALL 
(n=44), 
Hodgkin’s 
lymphoma 
(n=37), 
osteosarcoma 
(n=11), non-
Hodgkin’s 
lymphoma 
(n=8), AML 
(n=6), 
neuroblastoma 
(n=3), Ewing 
sarcoma (n=2). 
Wilms tumour 
(n=2) and soft 
tissue sarcoma 
(n=1).

Cardiac magnetic 
resonance imaging 
(analysis was 
supervised and/or 
performed by a 
single 
investigator); an 
abnormal test result 
was defined as 
LVEF<50% (n=16; 
prevalence 14%).
3D as well as a 2D 
echocardiogram 
with Doppler and 
time-motion mode 
(M-mode) (analysis 
was performed by a 
single 
investigator); an 
abnormal test result 
was defined as 
LVEF<50% (n=22/
prevalence 19.3% 
with 3D 
echocardiography; 
n=6/prevalence 
5.3% with biplane 
2D 
echocardiography; 
n=8/prevalence 7% 
with apical 4-
Chamber 2D 

Screening 
performance of 
echocardiography 
compared with 
cardiac magnetic 
resonance imaging 
(reference 
standard) for 
detection of an 
LVEF<50%:
3D 
echocardiography:
Sensitivity 53%
Specificity 86%
Positive predictive 
value 36%
Negative 
predictive value 
92%
Biplane 2D 
echocardiography:
Sensitivity 25%
Specificity 98%
Positive predictive 
value 67%
Negative 
predictive value 
89%
Apical 4-Chamber 
2D 
echocardiography:
Sensitivity 25%

This study is an 
analysis of data 
from 5 pilot 
studies, 
convenience 
sampled from 
the larger St. 
Jude Lifetime 
Cohort Study 
(SJLIFE). 
Patients with an 
implanted 
medical device 
or a history of 
congenital heart 
disease were 
excluded. Of the 
114 patients that 
completed the 
evaluation, 108 
were previously 
undiagnosed 
with 
cardiomyopathy.
Selection bias 
cannot be ruled 
out (692 
survivors 
enrolled in the 
SJLIFE cohort 
were exposed to 
anthracyclines 
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4. What is the diagnostic value (i.e. sensitivity, specificity and/or inter-observer variability) of MRI as compared 
to echocardiography (or vice versa) for detection of asymptomatic cardiac systolic dysfunction in childhood and 
young adult cancer survivors?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Diagnostic tests Main outcomes Addt’l remarks

47 men / 67 
women; mean 
age at 
diagnosis 
tumour 10.5 
years (range 
0.02–19); 
mean age at 
time of study 
38.3 years 
(range 22.7–
53.7).
Treatment:
Mean 
cumulative 
anthracycline 
dose 186 
mg/m2 (range 
0–803); 97 
patients 
received 
anthracyclines. 
37 patients 
received chest-
directed 
radiotherapy 
(n=16 1–30 Gy 
and n=21 > 
30Gy; no 
information on 
number of 
fractions).

echocardiography 
and n=24/
prevalence 21.1% 
with Teichholz 2D 
echocardiography).
Time between 
tests: within a 48-
hour period.

Specificity 96%
Positive predictive 
value 50%
Negative 
predictive value 
89%
Teichholz 2D 
echocardiography:
Sensitivity 29%
Specificity 79%
Positive predictive 
value 17%
Negative 
predictive value 
88%
Bland-Altman 
measures of 
agreement with 
cardiac magnetic 
resonance 
imaging: For 3D 
echocardiography 
(bias, 1%; Bland-
Altman limits of 
agreement [± 1.96 
standard 
deviation], 
−11.8% to 14.0%); 
For 2D 
echocardiography: 
2D biplane (bias, 
−5.2%; −19.0% to 
8.69%), 2D apical 
4-chamber (bias, 
−5.4%; −22.1% to 
11.4%), Teichholz 
M-mode (bias, 
−3.1%; −28.3% to 
22.1%).

and/or chest 
radiotherapy of 
which 134 
participated in 
the study).
The risk of 
detection bias is 
unclear; nm if 
outcome 
assessors were 
blinded.
Outcome/
attrition bias 
cannot be ruled 
out (for 20 out of 
134 survivors 
that agreed to 
participate (15%) 
cardiac magnetic 
resonance 
imaging could 
not be 
completed*).

Nm: not mentioned; ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; Gy: Gray; LVEF: left ventricular 

ejection fraction

*
information provided in this table is for the 114 participants with results for all tests unless otherwise stated.

5. What is the cost-benefit ratio of screening for asymptomatic cardiac systolic dysfunction in childhood and 
young adult cancer survivors?

First Author
Year

Study Design Participants Diagnostic tests Main outcomes Addt’l remarks

No studies identified
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6. What is the cost-benefit ratio of screening for asymptomatic cardiac systolic dysfunction in adult non-oncology populations?

First Author
Year

Study Design Participants Diagnostic tests Main outcomes Addt’l remarks

Heidenreich51 2004 Cost-benefit 
analysis using 
published data 
from 
community 
cohorts 
(gender-
specific BNP 
test 
characteristics, 
prevalence of 
depressed 
LVEF) and 
randomized 
trials (benefit 
from 
treatment).

Men and 
women age 
60 years 
with no 
history of 
heart failure 
(hypothetical 
cohorts).
Prevalence 
of depressed 
LVEF: 3.5% 
in men; 
0.45% in 
women.

Four screening strategies:

1 BNP testing and, 
if abnormal, 
echocardiography. 
Patients with an 
LVEF<40% are 
treated (ACE 
inhibitors) to 
prevent the 
development of 
heart failure.

2 BNP only, with 
treatment based 
on the results.

3 Echocardiography 
for all patients 
(treatment based 
on the results).

4 Not to screen for 
depressed left 
ventricular 
function.

Threshold BNP: 21ng/dl for 
men; 34 ng/dl for women.

Screening 1,000 
asymptomatic 
patients with 
BNP followed by 
echocardiography 
in those with an 
abnormal test 
increased the 
lifetime cost of 
care (176,000 US 
dollars for men, 
101,000 US 
dollars for 
women) and 
improved 
outcome (7.9 
QALYs for men, 
1.3 QALYs for 
women), 
resulting in a cost 
per QALY of 
22,300 US 
dollars for men 
and 77,700 US 
dollars for 
women.
The number of 
men needed to 
screen with BNP 
was 44 to 
identify one with 
depressed LVEF, 
133 to gain one 
year of life, and 
127 to gain one 
QALY. The 
number of 
women needed to 
screen with BNP 
was 278 to 
identify one with 
depressed LVEF, 
909 to gain one 
year of life, and 
769 to gain one 
QALY.
Screening with 
BNP followed by 
echocardiography 
in those with an 
abnormal test 
was 
economically 
attractive for 60-
year-old men and 
possibly for 
women. 
Screening all 
patients with 
echocardiography 
was expensive, 
and relying on 
BNP alone to 
decide treatment 
led to higher cost 
and worse 
outcome 
compared to the 
sequential BNP-

Possible limitations as 
reported in the article:

1 the absence of 
data on the 
effect of ACE 
inhibitors in 
patients with 
no known 
cardiac disease. 
Patients in the 
used SOLVD 
prevention trial 
are likely to 
have a higher 
event rate and 
the effect of 
ACE inhibitors 
greater than for 
patients with 
unsuspected 
left ventricular 
dysfunction. 
However, if 
beta-blockers 
are shown to 
prevent heart 
failure then the 
potential value 
of screening 
might be 
underestimated.

2 Although a 
quality-of-life 
decrement for 
patients 
receiving a 
positive test 
was accounted 
for, the 
repercussions 
of a diagnosis 
of LV 
dysfunction 
may be 
underestimated. 
In addition, 
there are 
financial 
consequences if 
the ability to 
obtain 
insurance and 
employment is 
limited. These 
issues will be 
most 
significant for 
young patients, 
where many 
positive test 
results will be 
false positives 
because of the 
low prevalence 
of disease.
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6. What is the cost-benefit ratio of screening for asymptomatic cardiac systolic dysfunction in adult non-oncology populations?

First Author
Year

Study Design Participants Diagnostic tests Main outcomes Addt’l remarks

echocardiography 
strategy.
In general, 
screening with 
BNP followed by 
echocardiography 
is likely to be 
economically 
attractive for 
patient groups 
with at least a 1% 
prevalence of 
moderate or 
greater LV 
systolic 
dysfunction (i.e. 
increased 
outcome at a cost 
< 50,000 US 
dollars per 
QALY gained).
Screening would 
not be attractive 
if a diagnosis of 
left ventricular 
dysfunction led 
to significant 
decreases in 
quality of life or 
income

3 Potential 
screening 
benefits of 
identifying 
diastolic 
dysfunction or 
significant 
valvular 
disease that 
may be found 
with BNP 
screening were 
not included. 
These patients 
may benefit 
from more 
aggressive 
treatment of 
hypertension or 
fluid overload. 
Including these 
benefits would 
make screening 
more 
economically 
attractive. A 
recent meta-
analysis 
suggests that 
ACE inhibitors 
may be more 
effective for 
asymptomatic 
men than 
women with 
reduced LV 
function post 
myocardial 
infarction. If 
true for all 
patients with 
depressed EF, 
this would 
further support 
screening for 
men, but in 
women only at 
high-risk for 
heart disease.

BNP: B-type natriuretic peptide; LVEF: left ventricular ejection fraction; QALY: quality-adjusted life years.

Working Group 3: At what frequency should cardiomyopathy surveillance be 

performed?
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1. Is there evidence for a difference in deterioration of cardiac systolic dysfunction between high or standard risk 
groups of childhood and
young adult cancer survivors treated with anthracyclines and/or radiation involving the heart?

First Author
Year

Study Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

No studies identified

2. Does the risk of cardiac deterioration cease after a certain follow-up time?

First Author
Year

Study Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

van der Pal1 2012 Retrospective 
cohort
1966–1996
22.2 yrs (5.0–
44.5)

5-yr survivors
(N=1362)
Age at Dx: 5.9 
(0–18)

Anthracyclines: 33.6%
Anth+XRT: 7.9%
Median Anth: 250 
mg/m2 (25–775)

Symptomatic 
cardiac events 
(CE); Grading: 
CTCAE v 3.0
CI of CHF:
Radiotherapy: 
0.7% at 30-yrs
XRT + Anth: 
7.9% at 30yrs

Clinically 
validated 
outcomes
Long follow-up, 
large cohort

Lipshutz27 2005 Observational 
prospective 
longitudinal 
cohort

115 survivors 
at a median of 
11.8 (8.3–15) 
years off 
therapy

Median anthracycline 
360 mg/m2 (280–550), 
no radiation

5 late CHF, LV 
contractility fell 
significantly 
over time and 
was depressed at 
last f/u in those 
who received 
>300mg/m2

With median f/u 
of 11.8 years, 
thinned 
ventricular wall 
by 6 years, 
depressed LV 
contractility by 
12 years, 
depressed SF 
over time

Mulrooney2 2009 Prospective 
longitudinal 
cohort study – 
questionnaire 
based

14,358 
survivors and 
3,899 siblings

Mix of anthracycline 
treated/not treated

1.7% risk of 
CHF in 
survivors. 
Increasing 
incidence over 
time with no 
plateau. Longest 
follow-up was 
30 years.

Roodpeyma52 2008 Cross-sectional 58 survivors of 
pediatric cancer 
plus health 
controls

Various anthracyclines SF/EF reduced 
in survivors 
compared with 
controls.

With a median 
follow-up of 9 
years (5–22), 
significant 
association 
between length 
of follow-up and 
risk for 
abnormal 
SF/EF.

Pein19 2004 Cross-sectional 447 treated for 
solid tumor in 
single 
institution

Anthracyclines +/− 
radiation therapy

Risk for CHF 
increased 
without plateau 
over time. 
Increased risk 
with increasing 
dose.

Last case 
occurred at ~25 
years from 
exposure
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2. Does the risk of cardiac deterioration cease after a certain follow-up time?

First Author
Year

Study Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

Sorensen28 2003 Prospective 
longitudinal 
cohort study

101 ALL 
survivors; 83 
Wilms tumor 
survivors

Range of anthracyclines Decreased 
contractility in 
both groups. 
Anthracycline 
dose most 
important risk 
factor.

Significant 
decrease in wall 
thickness and SF 
in Wilms tumor 
survivors in 
echocardiograms 
performed at a 
mean of 11.9 
years and 16.3 
years.

Van Dalen18 2006 Retrospective 
medical record 
review – cross 
sectional

830 children at 
a single 
institution

Mean cumulative 
anthracycline dose 288 
mg/m2

At a mean 
follow up of 8.5 
years, 2.5% risk 
of CHF. Authors 
calculated 10% 
risk of CHF at 
20-years after 
treatment in 
survivors treated 
with ≥300 
mg/m2

Van der Pal23 2010 Retrospective 
medical record 
review and 
prospective 
cardiac 
screening 
(cross 
sectional)

525 survivors 
seen in an 
outpatient 
clinic with 
echocardiogram

361/525 received an 
anthracycline

At average age 
of 
assessment=23.1 
(18.0–47.1) 
years, 27% had 
an abnormal 
LVSF (<30%). 
Risk greatest in 
those with >25 
year follow up 
and 
anthracycline 
dose ≥450 
mg/m2

3. Is there an increased risk of deterioration during puberty?

First Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

No studies identified

4. Is there an increased risk of deterioration during pregnancy and delivery?

Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

Bar53 2003 Single centre cohort 37 females 
treated with 
anthracyclines 
b/w 1973–
1982 who had 
a pregnancy 
between 
1986–2003

Median 
doxorubicin 
400 mg/m2 

(150–500)

No change in 
average FS 
through 
pregnancy. 
Among 8 
women with 
FS<30%, 
pregnancy 
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4. Is there an increased risk of deterioration during pregnancy and delivery?

Author
Year

Study Design
Treatment era
Years of follow-up

Participants Treatment Main outcomes Addt’l remarks

outcome was 
worse. More 
hospitalizations, 
ICU stays, 
induction. Two 
had admission 
for cardiac 
deterioration. 
Non-significant 
decrease in FS in 
women who 
started <30%

Van Dalen 200654 Single centre 
prospective cohort 
study

206 females 
>17 y.o. who 
had survived 
>5 yrs after a 
childhood 
malignancy. 
53 had 
delivered 1 or 
more children

Among 53, 
mean 
anthracycline 
267 mg/m2 

(60–552).

No peripartum 
CHF after 83 
deliveries 
pregnancies in 
53 women

Upper limit of 
95% CI is 5.7%

Working group 4: What should be done when abnormalities are found? What are the 

limitations in physical activity?

1. What is the effect of treatment with ACE-inhibitors in childhood and young adult cancer survivors with 
asymptomatic cardiomyopathy?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

Silber55 2004 RCT 
(double-
blinded) 
Unknown 
treatment 
era 
(probably 
end ’70 – 
mid ’90) 
Median 
(range) 
follow-up 
time was 
2.80 years 
(2 weeks to 
6.1 years).

135 childhood 
cancer survivors 
(aged 8.3 to 30.6 
years, 78 males, at 
least 4 years from 
diagnosis and 2 
years off treatment) 
with asymptomatic 
decline of cardiac 
function at some 
time after 
anthracycline 
exposure, detected 
with 
echocardiography, 
resting or exercise 
GNA, MCI at peak 
exercise and / or 
resting ECG.
Median (range) time 
since cancer 
diagnosis 9 (4.2 to 
22.3) years in the 
enalapril group and 
9.6 (4.3 to 25.8) 
years in the placebo 
group

Oral 
enalapril 
once daily (n 
= 69) or oral 
placebo once 
daily (n = 
66). Dosing 
of study 
medication 
was as 
follows: at 
start 0.05 
mg/kg/day, 
escalation 
after 14 days 
to 0.10 mg/ 
kg/day and 
escalation at 
3 months 
visit to 0.15 
mg/kg/day if 
no side 
effects 
occurred

Overall survival, 
mortality due to 
heart failure, 
development of 
clinical heart 
failure and 
quality of life: no 
(statistically) 
significant 
differences 
between treatment 
and control group.
Cardiac function: 
a post-hoc analysis 
showed a decrease 
(i.e. improvement) 
in one measure 
(left ventricular 
end systolic wall 
stress (LVESWS): 
−8.62%change) 
compared with 
placebo (+1.66% 
change) in the first 
year of treatment 
(P = 0.036), but 
not afterwards. 
Adverse events: 

Median (range) 
follow-up time was 
2.80 years (2 weeks 
to 6.1 years). Loss of 
follow-up was not 
mentioned.
Since the authors did 
not present 
dichotomous 
outcomes, we were 
not able to define 
RRs for the outcome 
change in cardiac 
function; we 
therefore describe 
the outcomes as 
presented in the 
original study.
The study had a low/
moderate risk of 
selection bias, 
performance bias 
and detection bias. 
For most outcomes 
there was a low risk 
of attrition bias, but 
for some outcomes 
(the post-hoc 

Armenian et al. Page 63

Lancet Oncol. Author manuscript; available in PMC 2016 March 01.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



1. What is the effect of treatment with ACE-inhibitors in childhood and young adult cancer survivors with 
asymptomatic cardiomyopathy?

First Author
Year

Study 
Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

patients treated 
with enalapril had 
a higher risk of 
dizziness or 
hypotension (RR 
7.17, 95% CI 1.71 
to 30.17) and 
fatigue (Fisher’s 
exact test, P = 
0.013).

analysis of 
LVESWS, other 
parameters of 
cardiac function 
(shortening fraction 
and stress-velocity 
index), the change in 
quality of life and 
the risk of adverse 
events) intention-to-
treat analysis was 
not possible or it 
was unclear if 
follow-up was 
complete, leading to 
a possible risk of 
attrition bias for 
these other 
outcomes.

2. What is the effect of treatment with beta-blockers in childhood and young adult cancer survivors with 
asymptomatic cardiomyopathy?

First Author
Year

Study Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

No studies identified A Cochrane systematic 
review assessed if a 
study on beta-blockers in 
children with heart 
failure included 
anthracycline-treated 
patients (Shaddy 
2007)56: patients with 
anthracycline-induced 
cardiomyopathy were 
included in the trial, but 
it was not possible to 
separate the data of these 
patients from the data of 
all included patients.

3. What is the effect of other medical interventions in childhood and young adult cancer survivors with 
asymptomatic cardiomyopathy?

First Author
Year

Study Design
Treatment era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

No studies identified
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4. What is the effect of treatment with ACE-inhibitors in non-oncology populations with asymptomatic cardiomyopathy?

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

SOLVD investigators57 1992 Double-blind, 
placebo-
controlled RCT
Mean: 37.4 
(range: 14.6 – 
62) months

4228 
asymptomatic 
patients with 
EF <35%, and 
no medication 
for heart 
failure

Enalapril: N=2111
Placebo: N=2117

All-cause 
mortality: 
Enalapril: 313 
(14.8%)
Placebo: 334 
(15.8%)
Risk reduction: 
8% (95% CI 
−8% to +21%)
Clinical heart 
failure or all 
cause mortality: 
Enalapril: 630 
(29.8%)
Placebo: 818 
(38.6%)
Risk reduction: 
29% (95% CI 
21% to 36%)

Flather 2000: 
74% of all 
SOLVD-patients 
(including 
another RCT 
with 
symptomatic 
patients) had a 
previous MI.
Exner 1999: one 
third of the 
SOLVD 
prevention trial 
was in NYHA II
EF was 
determined by 
echocardiography

Pfeffer58 1992 Double-blind, 
Placebo 
controlled RCT
Mean: 42 (range: 
24 – 60) months

2231 
asymptomatic 
patients with 
EF ≤40%, 3 – 
16 days after 
MI

Captopril: N=1115
Placebo: N=1116

All-cause 
mortality: 
Captopril: 20% 
versus placebo 
25% (RR 19%, 
3 – 32%, 
P=0.014) 
Development of 
clinical heart 
failure: 
Captopril: 11% 
versus placebo 
16%, RR 37% 
(20– 50%, 
P<0.001)

EF was 
determined by 
RNA

Jong59 2003 Cohort study 
after RCT
11.2 years (IQR: 
10.3 – 12.1) 
since 
randomization

3581 patients 
of the SOLVD 
prevention 
trial 
(asymptomatic 
patients with 
EF <35%), 
treated 
previously 
with enalapril 
or placebo 
during a mean 
of 37.4 
months, who 
survived the 
time of the 
trial

Enalapril group: 
N=1798
Placebo group: 
N=1783

All-cause 
mortality: 
Enalapril: 1074 
(50.9%) 
Placebo: 1195 
(56.4%) HR: 
0.86 (95% CI 
0.77 – 0.93) 
Increased life 
expectancy 
(median): 9.2 
months (95% CI 
0 – 19.2 
months)

Patients with a 
lower EF had 
more benefit of 
treatment
EF was 
determined by 
echocardiography

Kober60 1995 Double-blind, 
Placebo 
controlled RCT 
24 – 50 months 
clinical follow-
up

1749 patients 
with an MI in 
the previous 
week and EF 
≤35%

Trandopril: N=876
Placebo: N=873

All-cause 
mortality: 
Trandopril 
versus placebo: 
RR 0.78 (0.67 – 
0.91) Clinical 
heart failure: 
Trandopril 
versus placebo: 
RR 0.71 (0.56 – 
0.89)

41% of patients 
was in NYHA I
EF was 
determined by 
echocardiography
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4. What is the effect of treatment with ACE-inhibitors in non-oncology populations with asymptomatic cardiomyopathy?

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

Hunt61,62 AHA/ACC 
Guideline (2005 and 2009)

Angiotensin 
converting 
enzyme 
inhibitors can be 
useful to prevent 
HF in patients at 
high risk for 
developing HF

Stage A * 
with a history 
of 
atherosclerotic 
vascular 
disease, 
diabetes 
mellitus, or 
hypertension 
with 
associated 
cardiovascular 
risk factors

Perindopril
Ramipril

Class of 
recommendation 
IIa Level of 
evidence A

Hunt61,62 AHA/ACC 
Guideline (2005 and 2009)

Angiotensin 
converting 
enzyme 
inhibitors should 
be used in 
patients with a 
reduced EF and 
no symptoms of 
HF, even if they 
have not 
experienced MI

Stage B* Enalapril Class of 
recommendation 
I Level of 
evidence A

Dickstein63 2008 ESC 
Guideline

Recommendation 
to treat with 
beta-blockers 
based upon the 
patients enrolled 
in the RCTs

LVEF ≤40% 
Mild to severe 
symptoms 
(NYHA II–
IV)** and 
patients with 
asymptomatic 
LV systolic 
dysfunction 
after MI

Bisoprolol
Carvedilol
Metoprolol succinate
Nebivolol

Class of 
recommendation 
I Level of 
evidence A

CIBIS-II 1999 
MERIT-HF 1999 
& 2000 Packer 
2001 
COPERNICUS 
2002 SENIORS 
2005 BBEST 
2001 COMET 
2003

5. What is the effect of treatment with beta-blockers in non-oncology populations with asymptomatic 
cardiomyopathy?

First Author
Year

Study 
Designh
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

Dargie64 2001 Double-
blind, 
placebo-
controlled 
RCT
1.3 years 
clinical 
follow-up

1959 patients 
with MI 3–21 
days before 
randomization, 
EF≤ 40% or 
wall-motion 
score index ≤ 
1.3 and at least 
24 hours on a 
stable dose of 
ACE-inhibitor 
treatment.

Carvedilol: N=975
Placebo: N=984

All-cause 
mortality:
Carvedilol: 116 
(12%)
Placebo: 141 
(15%)
HR: 0.77 (0.60 
– 0.98)
Hospitalization 
for heart failure:
Carvedilol: 118 
(12%)
Placebo: (138 
(14%)
HR 0.86 (0.67 – 
1.09)

Eligible patients 
had LV 
dysfunction with 
or without heart 
failure, but 
patients with 
severe heart 
failure were 
excluded.
EF was 
determined by 
echocardiography, 
RNA or 
ventriculography
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5. What is the effect of treatment with beta-blockers in non-oncology populations with asymptomatic 
cardiomyopathy?

First Author
Year

Study 
Designh
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

Exner65 1999 Retrospective 
analysis of 
RCT
Mean 
followup 35 
months

4228 patients 
participating 
in the SOLVD 
prevention 
trial

Patients that used 
a beta blocker at 
the start of the 
trial, in addition to 
study medication: 
N=1015 (24%)
Patients that did 
not use a beta 
blocker at the start 
of the trial, in 
addition to study 
medication: 
N=3213 (76%)

All-cause 
mortality:
Using a beta 
blocker: IR 
4.3/100 person-
years
No beta blocker: 
IR 5.6/100 
person-years
Multivariate 
model, using a 
beta blocker in 
addition to ACE 
inhibitor 
allocation:
* All-cause 
mortality RR 
0.70
* All-cause 
mortality or 
hospitalization 
for CHF: RR 
0.64 (0.49 – 
0.83)

Vantrimpont66 1997 Retrospective 
analysis of 
RCT
Mean clinical 
follow-up of 
surviving 
patients: 42 
months (+/
−10 months)

2231 patients 
participating 
in the SAVE 
trial

Patients that used 
captopril at the 
start of the trial, in 
addition to study 
medication: 
N=789 (35%)
Patients that did 
not use captopril 
at the start of the 
trial, in addition to 
study medication: 
N=1442 (65%)

Cardiovascular 
mortality:
Captopril: 
13.1%
No captopril: 
22.1%
(RR 0.58, 0.43 – 
0.79)
Severe heart 
failure:
Captopril: 
16.5%
No captopril: 
22.6%
(RR 0.68, 0.55 – 
0.83)
Multivariate 
model 
(including 
captopril use):
* CV mortality 
RR 0.70
* Severe CHF 
RR 0.79

Hunt61,62 

AHA/ACC 
Guideline (2005 
and 2009)

Beta-
blockers are 
indicated in 
all patients 
without a 
history of MI 
who have a 
reduced 
LVEF with 
no HF 
symptoms

Stage B* Class of 
recommendation 
I Level of 
evidence C
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6. What is the effect of other medical interventions in other groups of patients with asymptomatic cardiomyopathy?

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

Konstam67 2000 Double-blind, 
placebo-
controlled RCT
Median follow-
up 555 days.

3152 patients aged 60 
years or older with 
New York Heart 
Association class II–
IV heart failure and 
LVEF ≤40%

losartan (n=1578) 
titrated to 50 mg once 
daily or captopril 
(n=1574) titrated to 
50 mg three times 
daily

all-cause 
mortality:
11·7 vs 10·4% 
average annual 
mortality rate
HR 1·13 [95·7% 
CI 0·95–1·35], 
p=0·16
sudden death or 
resuscitated 
arrests:
9·0 vs 7·3%
HR 1·25 [95% 
CI 0·98–1·60], 
p=0·08

Significantly 
fewer patients 
in the losartan 
group 
(excluding those 
who died) 
discontinued 
study treatment 
because of 
adverse effects 
(9·7 vs 14·7%, 
p<0·001), 
including cough 
(0·3 vs 2·7%)

Hunt61,62 

AHA/ACC 
Guideline (2005 
and 2009)

Angiotensin II 
receptor blockers 
can be useful to 
prevent HF in 
patients at high 
risk for 
developing HF

Stage A* who have a 
history of 
atherosclerotic 
vascular disease, 
diabetes mellitus, or 
hypertension with 
associated 
cardiovascular risk 
factors

Angiotensin II 
receptor blockers

Class of 
recommendation 
IIa Level of 
evidence C

Hunt61,62 

AHA/ACC 
Guideline (2005 
and 2009)

Angiotensin II 
receptor blockers 
can be beneficial 
in patients with 
low EF and no 
symptoms of HF 
who are 
intolerant of 
ACEIs.

Stage B* Angiotensin II 
receptor blockers

Class of 
recommendation 
IIa Level of 
evidence C

Hunt61,62 

AHA/ACC 
Guideline (2005 
and 2009)

Placement of an 
ICD might be 
considered in 
patients without 
HF

Stage B* who have 
non-ischemic 
cardiomyopathy and 
an LVEF ≤30% who 
are in NYHA I with 
chronic optimal 
medical therapy and 
have a reasonable 
expectation of 
survival with good 
functional status for 
>1 year.

ICD Class of 
recommendation 
IIb Level of 
evidence C

Dickstein63 2008 Recommendation 
to treat with 
angiotensin 
receptor blockers 
(ARB) based 
upon the patients 
enrolled in the 
RCTs

LVEF ≤40% and 
either

1 as an 
alternative 
in patients 
with mild 
to severe 
symptoms 
(NYHA 
II–IV) 
who are 
intolerant 
of an 
ACE-I

2 or in 
patients 
with 

Candesartan Valsartan Treatment 
reduces the risk 
of death from 
cardiovascular 
causes
Class of 
recommendation 
I
Level of 
evidence A
1. An ARB is 
recommended 
as an alternative 
in patients 
intolerant of an 
ACEI

Cohn 2001
CHARM-
Added trial 
2003
CHARM-
Alternative trial 
2003
Pfeffer 2003
OPTIMAAL 
trial 2002
McMurray 2004
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6. What is the effect of other medical interventions in other groups of patients with asymptomatic cardiomyopathy?

First Author
Year

Study Design
Treatment era
Years of follow-
up

Participants Treatment Main outcomes Addt’l remarks

persistent 
symptoms 
(NYHA 
II–IV) 
despite 
treatment 
with an 
ACE-
Inhibitor 
and beta-
blocker

Class of 
recommendation 
IIa
Level of 
evidence B
2. in patients 
with persistent 
symptoms 
(NYHA II–IV) 
despite 
treatment with 
an ACE-
Inhibitor and 
beta-blocker
Class of 
recommendation 
I
Level of 
evidence B

Dickstein68 2010 Recommendation 
cardiac 
resynchronization 
therapy with 
defibrillator 
function in 
patients with 
heart failure in 
NYHA I/II

NYHA function class 
II LVEF ≤35%, QRS 
≥150 ms, SR Optimal 
medical therapy

CRT preferentially by 
CRT-D is 
recommended to 
reduce morbidity or to 
prevent disease 
progression***

Class of 
recommendation 
I Level of 
evidence A

Abraham 2004
Moss 2009
Linde 2009
Daubert 2009

7. Is there evidence that exercise increases the risk of deterioration of cardiac systolic function in childhood 
cancer survivors who received
potentially cardiotoxic therapies?

First Author
Year

Study Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

Huang69 2011 Systematic 
review.
15 studies 
identified 
including 4 
RCTs

Mostly ALL 
patients during 
and after 
treatment

Different 
exercise 
training 
schedules

Different in all 
studies. Positive 
effects of physical 
training on organ 
system function, 
fatigue and physical 
well-being

However, the 
optimal intervention 
modality and the 
intensity, timing, 
and duration of the 
intervention are 
difficult to 
determine.
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8. Is there evidence that exercise increases the risk of deterioration of cardiac systolic function in adult-onset 
cancer survivors and non-
oncology at-risk populations?

First Author
Year

Study Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

Schmitz70 2010 Guideline-
expert 
opinion- 
American 
College of 
Sports 
Medicine

Only ADULT 
cancer studies 
reviewed

Physical activity is 
strongly 
recommended with 
the exception of 
activities resulting 
in rapid BP 
elevation (eg 
isometric exercise)

Pellicia71 2006 Guideline-
expert 
opinion- 
European 
Society of 
Cardiology

Recommendation 
is for physical 
activity in 
individuals with 
genetic 
susceptibility to 
CHF, but with 
normal systolic 
function.

Dickstein63 2008 Guideline – 
review of 
published 
evidence, 
expert panel; 
European 
Society of 
Cardiology

Recommendations 
– Weight reduction 
should be 
considered in 
obese persons with 
heart failure
In moderate to 
severe heart 
failure, weight 
reduction should 
not be 
recommended 
routinely

No supporting 
evidence 
supplied
Level of 
evidence C

Maron72 2004 Consensus 
document; 
expert 
international 
panel of 
clinical 
cardiovascular 
specialists and 
molecular 
biologists; 
American 
Heart 
Association

Young people 
(<40 years age) 
with genetic 
cardiovascular 
diseases 
including 
hypertrophic 
cardiomyopathy 
but not 
specifically 
including 
dilated 
cardiomyopathy.

Not specifically 
considered.
Considered 
recommendations 
for physical 
activity and 
recreational 
sports 
participation.
Childhood cancer 
survivors (CCS) 
not included.

Recommendations:
Can safely 
participate in most 
low or moderate-
intensity 
recreational 
exercise Some 
activities should be 
avoided, eg burst 
exertion, 
extremely adverse 
environmental 
conditions, 
exercise 
programmes with 
systematic / 
progressive levels 
of exertion and 
aiming at higher 
levels of 
conditioning, 
intense isometric 
exertion, extreme 
sports, 
performance-
enhancing 
substances

Riegel73 2009 Review / 
scientific 
statement; 

Persons with 
heart failure

Not specifically 
considered.

Statements
In moderate heart 
failure, exercise 
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8. Is there evidence that exercise increases the risk of deterioration of cardiac systolic function in adult-onset 
cancer survivors and non-
oncology at-risk populations?

First Author
Year

Study Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

expert panel; 
American 
Heart 
Association

CCS not 
mentioned 
specifically.

improves certain 
physiological 
parameters 
including VO2max, 
ventilatory 
response, heart 
rate variability.
Can also reduce 
depression.
Effect on mortality 
not clear.
Cites Pina et al 
2003.
Individually 
tailored exercise 
programme based 
on results of 
formal exercise 
testing may benefit 
patients with 
severe 
symptomatic LV 
dysfunction.
Cites Fletcher et al 
2001.
Exercise is a 
beneficial 
adjunctive 
treatment in 
patients with 
current or prior 
heart failure 
symptoms and 
reduced LVEF. 
Cites Hunt et al 
2005 (states this is 
level 1B 
evidence).
Modest benefit in 
HF-Action RCT 
(Flynn et al, 2009, 
see below)

Flynn74 2009 HF-Action 
Randomised 
controlled 
trial 
Randomised 
2003-7 
Median FU 
2.5 years

2331 stable out-
patients with 
heart failure 
(LVEF ≤35%) 
82 centres in 
USA, Canada, 
France

Randomised to 
Usual care + 
aerobic exercise 
training (initially 
supervised, 
subsequently 
home-based) vs 
usual care + 
recommendation 
for regular 
physical activity. 
Usual care 
included optimal 
medical therapy.

At 3 months, usual 
care + exercise 
training group 
showed 
statistically greater 
improvement in 
Kansas City 
Cardiomyopathy 
Questionnaire 
(KCCQ – a 23 
item disease-
specific 
questionnaire) 
score than usual 
care group.
Improvement was 
maintained. Also 
modest but 
significant 
improvement in 
quality of life and 
non-significant 
reduction in all-
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8. Is there evidence that exercise increases the risk of deterioration of cardiac systolic function in adult-onset 
cancer survivors and non-
oncology at-risk populations?

First Author
Year

Study Design
Treatment 
era
Years of 
follow-up

Participants Treatment Main outcomes Addt’l remarks

cause mortality 
and hospitalisation 
in usual care + 
exercise training 
group.

Piepoli75 2004 Meta-analysis 
(individual 
patient data) 
1990–2002
Individual 
median F/U 
5–75mths, 
overall 
23mths

9 studies, total 
395 training to 
406 control 87% 
males, 59% with 
IHD, mean 
LVEF <28%, 
73% on ACE 
inhibitors

All RCTs, usual 
care vs addition 
of exercise 
training (mostly 
supervised)

Outcome of 
mortality in favour 
of exercise – 0.65 
(0.46–0.92)
Outcome of death 
or admission to 
hospital also in 
favour of exercise 
– 0.72 (0.56–0.93)

Intensity 
generally set at 
60–80% peak 
oxygen 
consumption. 
These trials are 
designed to be 
“safe” first and 
foremost.
Question of 
whether 
differing 
aetiologies of 
systolic 
dysfunction/
heart failure 
have differing 
responses to 
physical activity 
not yet 
answered.

Davies76 2010 Meta-analysis 
(publication 
data) 2001-
Jan2008 
Individual 
median F/U 5 
mths-60mths., 
overall 
11mths

19 trials, total 
3647 patients 
(HF-ACTION 
trial contributed 
60%) Only one 
trial 57% 
femaies, others 
72–100% male; 
age 58

All RCTs, usual 
care vs addition 
of exercise 
training (mostly 
supervised)
Only 4 trials F/U 
longer than 12 
mths.

All cause mortality 
<12 mth F/U 
outcome in favour 
of usual care – 
1.03 (0.70–1.53), 
but >12mth F/U 
favoured exercise 
– 0.91 (0.78–1.06)
All hospital 
admissions both < 
and >12 mths 
favoured exercise.
HRQoL 
measurements also 
favoured exercise.

If HF-ACTION 
trial excluded, 
significant 
reduction 
longer-term 
mortality seen 
(0.62 (0.39–
0.98).
Issues of mix of 
endurance and 
resistance 
training starting 
to be addressed.
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Figure 1. Risk of cardiomyopathy and CHF by cumulative lifetime anthracycline (A and B) and 
radiotherapy dose (C)

1A: Dose-response relationship between cumulative anthracycline exposure and risk of 

cardiomyopathy. Patients with no exposure to anthracyclines served as the referent group. 

Magnitude of risk is expressed as odds ratio, which was obtained using conditional logistic 

regression adjusting for age at diagnosis, sex, and chest radiation.
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Blanco JG, Sun CL, Landier W, et al: Anthracycline-related cardiomyopathy after childhood 

cancer: role of polymorphisms in carbonyl reductase genes--a report from the Children's 

Oncology Group. J Clin Oncol 30:1415–21, 2012.

1B, C: Association between cumulative anthracycline dose and hazard ratio, and cumulative 

radiotherapy dose and hazard ratio (in equivalent 2-Gray [Gy] fractions) for congestive heart 

failure, based on the Cox model that also included sex, age at diagnosis, cisplatin, 

vincristine, cyclophosphamide, ifosfamide, and congenital heart disease. No cardiotoxic 

treatment (dose = 0) was the reference value. For cardiac events, effect of anthracycline dose 

is shown for zero irradiation dose and effect of irradiation dose is shown for zero dose of 

anthracycline.

van der Pal HJ, van Dalen EC, van Delden E, et al: High risk of symptomatic cardiac events 

in childhood cancer survivors. J Clin Oncol 30:1429–37, 2012.
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Table 2

Conclusions of evidence for cardiomyopathy surveillance in childhood cancer survivors

Who needs cardiomyopathy surveillance? Level of evidence

Risk by anthracycline dose

- Exponential increase in risk for symptomatic cardiomyopathy with increasing lifetime cumulative dose Level A6, 19, 26, 27

- Childhood cancer survivors treated with cumulative anthracycline dose ≥250 mg/m2 are at highest risk for 
symptomatic cardiomyopathy

Level A6, 19, 26, 27

- Increased risk for asymptomatic cardiomyopathy with increasing cumulative dose Level A18, 21, 38, 90

Risk by age at anthracycline exposure

- Increased risk for symptomatic cardiomyopathy with younger age at exposure Conflicting 

evidence6, 8, 26, 33

- Increased risk for asymptomatic cardiomyopathy with younger age at exposure Conflicting 

evidence18, 90, 91

Risk by anthracycline derivatives (including mitoxantrone)

- Cardiomyopathy has been associated with all anthracycline derivatives Level A92

- Daunorubicin is as cardiotoxic as doxorubicin when given at an equieffective dose Level C6, 26, 92

- Epirubicin is less cardiotoxic than doxorubicin when given at an equieffective dose No evidence

- Idarubicin is more cardiotoxic than doxorubicin when given at an equieffective dose No evidence

- Mitoxantrone is more cardiotoxic than doxorubicin when given at an equieffective dose No evidence

Risk by chest radiation dose

- Increased risk for symptomatic cardiomyopathy with increasing radiation dose to cardiac tissues Level A6, 8, 26, 28, 29

- Childhood cancer survivors treated with chest radiation dose ≥35 Gy are at highest risk for symptomatic 
cardiomyopathy

Level B6, 26

- Increased risk for asymptomatic cardiomyopathy with increasing radiation dose to cardiac tissues Level B90, 93, 94

Risk following anthracycline and chest radiation exposure

- Increased risk after anthracycline and chest radiation exposure Level A8, 19, 26

Risk following conditioning with total body irradiation (TBI)

- There is no increased risk following conditioning with TBI Level B31, 95, 96

Risk due to modifiable cardiovascular risk factors

- Increased risk in anthracycline- and/or radiation- exposed survivors who develop modifiable cardiovascular 
risk factors (hypertension, diabetes, dyslipidemia, obesity)

Level B74, 97

What surveillance modality should be used?

Diagnostic value of echocardiography

- Good diagnostic value of 2D echocardiography for detection of asymptomatic cardiomyopathy in childhood 
cancer survivors

Level B41, 98–100

Diagnostic value of cardiac magnetic resonance imaging (CMR)
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Who needs cardiomyopathy surveillance? Level of evidence

- Good diagnostic value of CMR for detection of asymptomatic cardiomyopathy in childhood cancer survivors Level B41

Diagnostic value of radionuclide angiography

- Good diagnostic value for detection of asymptomatic cardiomyoathy in childhood cancer survivors Level C101, 102

Diagnostic value of blood biomarkers of cardiac injury and remodeling

- Poor diagnostic value of cardiac troponins (Troponin-T) for detection of asymptomatic cardiomyopathy in 
childhood cancer survivors

Level B45–47

- Poor diagnostic value of cardiac troponins (Troponin-I) for detection of asymptomatic cardiomyopathy in 
childhood cancer survivors

Level C48

- Poor diagnostic value of natriuretic peptides (ANP, BNP, NT Pro-BNP) for detection of asymptomatic 
cardiomyopathy in childhood cancer survivors

Level B45, 93, 103, 104

Cost-benefit of surveillance in childhood cancer survivors

- Screening for asymptomatic cardiomyopathy using conventional imaging or blood biomarkers is cost-effective. No evidence

Cost-benefit of surveillance in other populations

- Screening for asymptomatic cardiomyopathy using conventional imaging or blood biomarkers is cost-effective. Level B50

At what frequency and for how long should surveillance for cardiomyopathy be performed?

- High risk childhood cancer survivors have a more rapid rate of deterioration in cardiac function when 
compared to moderate/low-risk survivors

No evidence

- There is a more rapid rate of deterioration in cardiac function during puberty No evidence

- Female childhood cancer survivors who have asymptomatic cardiomyopathy at the time of becoming pregnant 
are at risk for symptomatic cardiomyopathy during pregnancy/delivery

Level C56

- Female childhood cancer survivors treated with anthracyclines or radiation who have normal LV systolic 
function at the time of becoming pregnant are not at increased risk for deterioration in cardiac function during 
pregnancy/delivery

Level C56, 57

- The risk for deterioration in cardiac function continues to increase with longer follow-up Level B6, 8, 19, 26, 90

What should be done when abnormalities are detected during surveillance?

Utility of medical interventions in childhood cancer survivors

- ACE-inhibitors are effective for improving cardiac function in survivors with asymptomatic cardiomyopathy No evidence105

- Beta-blockers are effective for improving cardiac function in survivors with asymptomatic cardiomyopathy No evidence105

- Other interventions such as angiotensin II receptor blockers or placement of ICD can be effective for 
improving cardiac function for prevention of sudden arrhythmic cardiac death in survivors with asymptomatic 
cardiomyopathy

No evidence105

Utility of medical interventions in other populations

- ACE-inhibitors are effective for improving cardiac function in individuals with asymptomatic cardiomyopathy Level A60, 80–82
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Who needs cardiomyopathy surveillance? Level of evidence

- Beta-blockers are effective for improving cardiac function in individuals with asymptomatic cardiomyopathy Level C60, 106–109

- Other interventions such as angiotensin II receptor blockers or placement of ICD can be effective for 
improving cardiac function or for prevention of arrhythmic cardiac death in survivors with asymptomatic 
cardiomyopathy

Level C60, 109, 110

What are the limitations for physical activity?

Role of physical activity in childhood cancer survivors

- Regular physical exercise, as recommended by the AHA and ESC, is beneficial for childhood cancer survivors 
with normal LV systolic function

Level C66

- Regular physical exercise, as recommended by the AHA and ESC, is beneficial for childhood cancer survivors 
with asymptomatic cardiomyopathy

No evidence

- Participation in high intensity exercise increases the risk for cardiac functional deterioration in childhood 
cancer survivors

No evidence

Role of physical activity in other populations

- Regular physical exercise, as recommended by the AHA and ESC, is beneficial for individuals who have 
normal cardiac function

Level A62, 63

- Regular physical exercise, as recommended by the AHA and ESC, is beneficial for individuals who have 
normal cardiac function, but at risk for cardiomyopathy due to genetic susceptibility

Level B67, 68

- Participation in high intensity exercise increases the risk for cardiac functional deterioration in individuals with 
asymptomatic cardiomyopathy

Level B63

A, high level of evidence (i.e. consistent evidence from well performed and high quality studies or systematic reviews with a low risk of bias, and 

direct, consistent and precise results); B, moderate to low level of evidence (i.e. evidence from studies or systematic reviews with few important 

limitations); and C, very low level of evidence (i.e. evidence from studies with serious flaws, only expert opinion or standards of care).

Abbreviations: Gy, Gray; LV, left ventricular; ACE, angiotensin converting enzyme; ICD, implantable cardioverter defibrillator; AHA, American 

Heart Association; ESC, European Society of Cardiology.
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Table 3

Cardiomyopathy risk group definitions.

Risk Group Anthracycline dose

(mg/m2)

Chest radiation
dose (Gy)

Anthracycline (mg/m2) +
Chest radiation (Gy)

High ≥ 250 ≥ 35 ≥ 100 (Anthracycline) + ≥ 15 (Radiation)

Moderate 100 to < 250 ≥ 15 to < 35 --

Low < 100 -- --

Lancet Oncol. Author manuscript; available in PMC 2016 March 01.



A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u

s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t

Armenian et al. Page 84

Table 4

Harmonized recommendations for cardiomyopathy surveillance for childhood cancer survivors.

General recommendation

Survivors treated with anthracyclines and/or chest radiation and their providers should be aware of the risk of cardiomyopathy.

Who needs cardiomyopathy surveillance? Anthracyclines

Cardiomyopathy surveillance is recommended for survivors treated with high dose (≥ 250 mg/m2) anthracyclines.

Cardiomyopathy surveillance is reasonable for survivors treated with moderate dose (≥ 100 to < 250 mg/m2) anthracyclines.

Cardiomyopathy surveillance may be reasonable for survivors treated with low dose (< 100 mg/m2) anthracyclines.

Who needs cardiomyopathy surveillance? Chest radiation

Cardiomyopathy surveillance is recommended for survivors treated with high dose (≥ 35 Gy) chest radiation.

Cardiomyopathy surveillance may be reasonable for survivors treated with moderate dose (≥ 15 to < 35 Gy) chest radiation.

No recommendation can be formulated for cardiomyopathy surveillance for survivors treated with low dose (< 15 Gy) chest radiation with 
conventional fractionation.

Who needs cardiomyopathy surveillance? Anthracyclines + Chest radiation

Cardiomyopathy surveillance is recommended for survivors treated with moderate-high dose anthracyclines (≥ 100 mg/m2) and moderate-high 
dose chest radiation (≥ 15 Gy).

What surveillance modality should be used?

Echocardiography is recommended as the primary cardiomyopathy surveillance modality for assessment of left ventricular systolic function in 
survivors treated with anthracyclines and/or chest radiation.

Radionuclide angiography or cardiac magnetic resonance imaging (CMR) may be reasonable for cardiomyopathy surveillance in at risk 
survivors for whom echocardiography is not technically feasible/optimal.

Assessment of cardiac blood biomarkers (e.g., natriuretic peptides) in conjunction with imaging studies may be reasonable in instances where 
symptomatic cardiomyopathy is strongly suspected or in individuals who have borderline cardiac function during primary surveillance.

Assessment of cardiac blood biomarkers is not recommended as the only strategy for cardiomyopathy surveillance in at risk survivors.

Cardiomyopathy surveillance is recommended for High Risk survivors to begin no later than 2 years after completion of cardiotoxic therapy, 
repeated at 5 years after diagnosis and continued every 5 years thereafter.

More frequent cardiomyopathy surveillance is reasonable for High Risk survivors.

Lifelong cardiomyopathy surveillance may be reasonable for High Risk survivors.

At what frequency should surveillance be performed for Moderate/Low Risk survivors?

Cardiomyopathy surveillance is reasonable for Moderate/Low Risk survivors to begin no later than 2 years after completion of cardiotoxic 
therapy, repeated at 5 years after diagnosis and continue every 5 years thereafter.

More frequent cardiomyopathy surveillance may be reasonable for Moderate/Low Risk survivors.

Lifelong cardiomyopathy surveillance may be reasonable for Moderate/Low Risk survivors.

At what frequency should surveillance be performed for survivors who are pregnant or planning to become pregnant?

Cardiomyopathy surveillance is reasonable prior to pregnancy or in the first trimester for all female survivors treated with anthracyclines and/or 
chest radiation

No recommendations can be formulated for the frequency of ongoing surveillance in pregnant survivors who have normal LV systolic function 
immediately prior to or during the first trimester of pregnancy.

What should be done when abnormalities are identified?
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Cardiology consultation is recommended for survivors with asymptomatic cardiomyopathy following treatment with anthracyclines and/or chest 
radiation.

What advice should be given regarding physical activity and other modifiable cardiovascular risk factors?

Regular exercise, as recommended by the AHA and ESC, offers potential benefits to survivors treated with anthracyclines and/or chest 
radiation.

Regular exercise is recommended for survivors treated with anthracyclines and/or chest radiation who have normal LV systolic function.

Cardiology consultation is recommended for survivors with asymptomatic cardiomyopathy to define limits and precautions for exercise.

Cardiology consultation may be reasonable for High Risk survivors who plan to participate in high intensity exercise to define limits and 
precautions for physical activity.

Screening for modifiable cardiovascular risk factors (hypertension, diabetes, dyslipidemia, obesity) is recommended for all survivors treated 
with anthracyclines and/or chest radiation so that necessary interventions can be initiated to help avert the risk of symptomatic cardiomyopathy.

Green represents a strong recommendation, with a low degree of uncertainty (high quality evidence). Yellow (moderate quality evidence) and 

orange (weak quality evidence) represent moderate level recommendations. Red represents a recommendation against a particular intervention, 

with harms outweighing benefits.
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Table 5

Gaps in knowledge and future directions for research.

• Risk of asymptomatic and/or symptomatic cardiomyopathy in survivors treated with <15 Gy chest RT using conventional 
fractionation.

• In survivors treated with anthracyclines and chest RT, risk of cardiomyopathy by dose of anthracycline or chest RT administered.

• Effect of age at anthracycline and/or chest radiation exposure on cardiomyopathy risk.

• Differences in cardiomyopathy risk by anthracycline/ anthraquinone analogue.

• Change in radiation-related cardiomyopathy risk by treatment era due to advances in radiation administration techniques.

• Long-term (>5 years) efficacy of the cardioprotectant dexrazoxane for cardiomyopathy risk reduction.

• Prognostic utility of change in intermediate echocardiographic indices of left ventricular systolic and diastolic function (i.e.: 
abnormal wall stress, decreased thickness-dimension ratio, elevated myocardial perfomrance index, abnormal E/A ratio) on future 
cardiomyopathy risk in asymptomatic survivors.

• Prognostic utility of decrease in LV EF/FS, as detected by CMR or radionuclide angiography on subsequent cardiomyopathy risk in 
asymptomatic survivors.

• Prognostic utility of increase in cardiac troponins or natriuretic peptides during anthracycline or chest radiation administration on 
long-term (>5 years) cardiomyopathy risk.

• Accuracy of serum natriuretic peptide (ANP, BNP, NT-pro-BNP) for identification of asymptomatic cardiomyopathy in childhood 
cancer survivors treated with anthracyclines and/or radiation.

• Lifetime risk of cardiomyopathy in very long-term (>30 years after treatment) childhood cancer survivors treated with 
anthracyclines and/or radiation.

• Rate of deterioration of cardiac function over time.

• Cost-effectiveness of different screening frequencies by cardiomyopathy risk.

• Assessment of potential harms associated with excessive screening and resulant false-positive findings.

• Risk of cardiomyopathy in pregnant survivors treated with anthracyclines or chest radiation.

• Utility of closer monitoring and more frequent echocardiographic screening during pregnancy.

• Role of pharmacologic interventions to reduce cardiomyopathy risk in asymptomatic survivors with normal cardiac function.

• Long-term utility of pharmacologic interventions in symptomatic survivors with abnormal cardiac function.

• Need for and type of restrictions in physical activity for childhood cancer survivors considered low-, moderate-, and high-risk for 
cardiomyopathy.

• Benefits of interventions to reduce modifiable risk factors such as smoking, obesity, hypertension, diabetes, or dyslipidemia, in 
childhood cancer survivors at risk for cardiomyopathy.

• Role of genetic susceptibility on subsequent cardiomyopathy risk in survivors treated with anthracyclines and/or chest radiation.
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