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Abstract
Background and Aim
Childhood cancer survivors are at high risk of long-term adverse effects of cancer and its

treatment, including cardiac events. The pan-European PanCareSurFup study determined

the incidence and risk factors for cardiac events among childhood cancer survivors. The

aim of this article is to describe the methodology of the cardiac cohort and nested case-con-

trol study within PanCareSurFup.

Methods
Eight data providers in Europe participating in PanCareSurFup identified and validated

symptomatic cardiac events in their cohorts of childhood cancer survivors. Data on
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symptomatic heart failure, ischemia, pericarditis, valvular disease and arrhythmia were col-

lected and graded according to the Criteria for Adverse Events. Detailed treatment data,

data on potential confounders, lifestyle related risk factors and general health problems

were collected.

Results
The PanCareSurFup cardiac cohort consisted of 59,915 5-year childhood cancer survivors

with malignancies diagnosed between 1940 and 2009 and classified according to the Inter-

national Classification of Childhood Cancer 3. Different strategies were used to identify car-

diac events such as record linkage to population/ hospital or regional based databases, and

patient- and general practitioner-based questionnaires.

Conclusion
The cardiac study of the European collaborative research project PanCareSurFup will pro-

vide the largest cohort of 5-year childhood cancer survivors with systematically ascertained

and validated data on symptomatic cardiac events. The result of this study can provide infor-

mation to minimize the burden of cardiac events in childhood cancer survivors by tailoring

the follow-up of childhood cancer survivors at high risk of cardiac adverse events, transfer-

ring this knowledge into evidence-based clinical practice guidelines and providing a plat-

form for future research studies in childhood cancer patients.

Introduction
Treatment for children with cancer has improved considerably over the last decades, resulting
in better survival.[1] This success has brought to light the wide variety of late complications
and the long-term adverse effects of cancer and its treatment. Approximately 75% of childhood
cancer survivors (CCS) develop at least one chronic health condition such as long-term cardiac,
endocrine, neurologic or psychosocial effects.[2–4]

Symptomatic cardiac events (CEs) such as heart failure, cardiac ischemia, arrhythmia, peri-
carditis and valvular disease are well-known long-term side effects of treatment for childhood
cancer, which can lead to long-termmorbidity and early mortality among CCS.[5–9] Treat-
ment-related risk factors for CEs include anthracyclines and radiation therapy to fields includ-
ing the heart.[5, 6, 10–13] Other suggested risk factors are gender, age at cancer diagnosis,[5,
14] smoking habits, hypertension, diabetes mellitus[15] and genetic factors.[16, 17] The evi-
dence concerning these non-treatment related risk factors for CEs is sparse and sometimes
conflicting.

Previous studies on the evaluation of risk factors for different types of CEs are limited by
small study samples, self-reported outcomes or outcomes based on record linkage without vali-
dation. Furthermore, detailed treatment information and information on contributing risk fac-
tors, such as lifestyle, is only investigated in a few studies.[15]

Knowledge of the incidence and risk factors for specific CEs is essential, as it can contribute
to optimal follow-up care for CCS and it can inform recommendations for less toxic treatments
in future childhood cancer patients. PanCareSurFup (PanCare Childhoodand Adolescent
Cancer Survivor care and Follow-up studies (PCSF); European Union (EU)-Grant agreement
number 257505) is a collaboration of European cancer registries and clinical centres, that have
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agreed to pool their data.[18] PCSF, a 6-year study that started in 2011, aims to determine the
incidence and risk factors of second cancers, late mortality and CEs, and to develop evidence-
based clinical practice guidelines for long-term follow-up, transition to adult care and health
promotion for CCS. The objective of this article is to describe the cohorts and the methodology
of the cardiac study within the PCSF collaboration.

Methods

Cohorts of cardiac study
The cardiac study of the PCSF collaboration consists of a cohort study and a nested case-control
study including eight European data providers (DPs): France, Hungary, Italy (two data provid-
ers), the Netherlands, Slovenia, Switzerland and the United Kingdom. The national committee
protecting the confidentiality of the data (CommissionNationale de l’Informatique et des Liber-
tés) approved this study. Tudományos kutatás etikai bizottság approved this study. Comitato
Etico Interaziendale A.O.U. Città della Salute e della Scienza di Torino—A.O. OrdineMauri-
ziano—A.S.L. TO1 approved this study. Comitato Etico Regione Liguria III Sezione (pediatrica)
approved this study. Institutional ReviewBoard of the AcademicMedical Center in Amsterdam
approved this study National Medical Ethics Committee of the Republic of Slovenia approved
this study. Ethics Committee of the Canton of Bern to the Swiss ChildhoodCancer Registry
approved this study. National Research Ethics ServiceUK approved this study. From the PCSF
European cohorts we included 5-year CCS in whom cancer was diagnosedbefore 20 years of age.

Methods of PCSF cardiac cohort study
Objective. The main objective of the cardiac cohort study is to determine the overall

cumulative incidence and absolute risk for symptomatic CEs in European CCS. Furthermore,
we will quantify the cumulative incidence of symptomatic CEs per childhood cancer type, dif-
ferent treatment modalities, age at treatment and calendar period of treatment. We also will
assess the influence of childhood cancer type, different treatment modalities, age at treatment
and calendar period of treatment on developing a symptomatic CE.

Primary outcomes. The CEs included in the cardiac cohort study are symptomatic heart
failure, cardiac ischemia, pericarditis, valvular disease and arrhythmia graded according to the
Criteria for Adverse Events (CTCAE)[19] as grade 3 (severe), 4 (life-threatening) or 5 (death)
(Table 1). Any CE that does not meet these criteria is graded as�2. We use the extraction and
flowchart method previously described to grade the CEs.[20] To avoid introducing a potential
selection bias, we do not include asymptomatic CEs as these are mostly identified during fol-
low-up care and not all CCS will undergo follow-up-care.

Data collection for baseline characteristics. The DPs collect the following data for all
CCS included in the cohort analysis: gender, month and year of birth, month and year of first
cancer diagnosis, morphology code, topography code, laterality and basis on which the first
cancer diagnosis was made (histology, cytology, specific tumour markers or clinical investiga-
tion), and method of ascertainment of the first cancer diagnosis. In addition, the DPs collect
information on surgery (yes/no), chemotherapy (yes/no), radiotherapy (yes/no), and/or a bone
marrow transplant (yes/no), and the month and year of the start of treatment.

Statistical analyses. The outcome of interest is the occurrence of a symptomatic CE.We
will consider the time at risk to start 5 years after first cancer diagnosis. To determine the abso-
lute risk of the first occurring symptomatic CE and for the separate type of events, we will
divide the sum of the number of events by the cumulative person years/ 10,000 in the total pop-
ulation (for the whole PCSF cohort as well as for the separate data providers). We will calculate
the cumulative incidence of the first occurring symptomatic CE and of the separate types of
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CEs using competing risk analyses, with follow-up time since 5-year survival as the time scale.
Competing risk analyses take into account that members die before developing a CE. If a
cohort member died before developing a CE it was considered a competing risk. These CCS
were not censored but left in the risk set with a certain follow-up duration, depending on the
follow-up duration of CCS who did not develop a CE or did not die.[21]We will use Cox pro-
portional hazards models, with attained age as time scale, to investigate the influence of gender,
age at treatment, type of childhood cancer, type of treatment modality, and calendar period of
treatment for the first occurring symptomatic CE and for the separate CE types.

Methods of PCSF cardiac nested case-control study
Objective. The main objective of the nested case-control study is to determine the treat-

ment-related risk factors for developing symptomatic CEs in CCS; both to confirm earlier iden-
tified risk factors and to identify new treatment, patient, lifestyle and co-morbidity related risk
factors for CEs.

Study population. Each CCS identified in the cohort study with a validated CE is consid-
ered a “case”. “Controls” are randomly selected from survivors in the cohort study who did not
develop a CE and these are matched to cases (ratio 1:1) on DP, gender, age at first cancer diag-
nosis, calendar year of first cancer diagnosis and length of follow-up after first cancer diagnosis.
This procedure for sampling risk sets (i.e. density sampling) required controls to still be at risk
at the time when the case developed the event. Thus, the length of follow-up (starting at first
cancer diagnosis) in the control is at least that of the corresponding case. STATA (version 13,
StataCorp) is used for control selection.

Detailed treatment data collection from medical records. In addition to the baseline
data collected in the cohort study, detailed treatment data from all cases and controls is being
collected.Data is collected from the medical records using an extraction form designed espe-
cially for PCSF (see also S1 Appendix). We collect data on the type of chemotherapy, cumula-
tive dose (in mg/m2 or equivalent) and method of administration for each chemotherapeutic
agent. For anthracyclines/ anthraquinones (doxorubicin, daunorubicin, epirubicin, idarubicin
and mitoxantrone) we also collect data on infusion duration, dose per week and whether a car-
dio-protectant (like dexrazoxane) was given concurrently. We perform dosimetry for the

Table 1. Definitionsof cardiac events (usingCTCAEv3.0 andCTCAEv4.0)*.

Grade 3 Grade 4 Grade 5

Heart failure Symptomatic CHF responsive to intervention, or
EF < 40%-20%, or SF <15%

Refractory CHF or poorly controlled; EF <20%; intervention such
as ventricular assist device, ventricular reduction surgery, or heart
transplant indicated; life threatening consequences CE*

Death due to
heart failure

Cardiac
ischemia

Symptomatic and testing consistent with
ischemia or unstable angina or intervention
needed

Myocardial infarction; life threatening consequences CE* Death due to
cardiac ischemia

Pericarditis With physiological consequences CE (e.g
pericardial constriction or pericardial effusion)

With life threatening consequences CE (e.g. hemodynamic
compromise)

Death due to
pericarditis

Valvular
disease

Symptoms of severe regurgitation or stenosis,
symptoms controlled with interventions

Life threatening consequences CE or intervention (e.g. valve
replacement or valvuloplasty) indicated

Death due to
valvular disease

Arrhythmia Symptomatic and incompletely medically
controlled or controlled with device (e.g.
pacemaker, ICD or CRT)

Life threatening consequences CE (e.g. arrhythmia associated with
CHF, hypotension, syncope, shock)

Death due to
arrhythmia

*as reported in the Criteria for Adverse Events (CTCAE)v4.0

CHF = congestive heart failure; EF = ejection fraction; SF = shortening fraction; ICD = implantable cardioverse defibrillator; CRT = cardiac resynchronisation

therapy

doi:10.1371/journal.pone.0162778.t001
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whole body including seven points in the heart for all cardiac cases and controls who received
radiotherapy, as previously described.[22] Furthermore, multiple imputation methodologywas
used when information was missing.

Detailed data collection from medical record and questionnaire. We collect data on
potential confounding factors including congenital heart disorders (e.g. atrial/ ventricular sep-
tum defect, bicuspid aortic valve), hypercholesterolemia treated with medication, hypertension
treated with medication, diabetes mellitus treated with medication or diet, clotting disease
(protein S or C deficiency), thyroid disease treated with medication, pregnancies, lung trans-
plant, kidney transplant, height, weight, waist circumference, hip circumference, family history
of cardiac disease, physical activity, type of occupation, smoking and medication use.We col-
lect these possible confounding factors by using questionnaires completed by patients or their
families and subsequently DPs enter the data in a secure online database.

Collectionof biomaterial. DNA data is being collected from the cardiac cases and cardiac
controls that were alive and it is stored in the country of the DPs for future use. Blood samples
are requested from CCS who visit an outpatient clinic and saliva/oral epithelial cells are
requested by mail for those CCS who are not visiting an outpatient clinic, or for those CCS
who received an allogeneic stem cell transplant.

Statistical analyses. For the separate types of CEs we will analyse the following covariates
in our models: gender, age at primary childhood cancer diagnosis and different aspects of
childhood cancer treatment (chemotherapy and radiotherapy). Since not all CEs have the same
risk factors, each model will have different covariates based on the literature and clinical
knowledge of each CE.We will investigate the role of anthracyclines [5, 6, 10, 11, 23], mitoxan-
trone [24, 25], cisplatin[26] as well as alkylating agents (as cyclophosphamide equivalence dose
(CED)[27] and separate types of alkylating agents such as cyclophosphamide[28, 29]) as risk
factors for CEs.We will also investigate the role of radiation therapy where the heart was part
of the field[5, 6, 12, 13] and the role of cranial radiation therapy.[30, 31] The covariates and
confounding factors will be considered in a conditional multivariate linear logisticmodel to
control for pairwisematching in case-control studies.[32]

Results

Cohorts of cardiac study
In Table 2 the different cohorts are described.The PCSF cohort consisted of 59,915 5-year CCS
with malignancies diagnosed between 1940 and 2009. Diagnoses were classified according to
the International Classification of ChildhoodCancer 3.[33]

Primaryoutcome
The ascertainment of the CEs is described in Table 3. Different strategies were used to identify
CEs: linkage to population/hospital or regional based databases (hospitalizations, medication
use, general practitioner (GP) visits) as well as patient and GP based questionnaires. To obtain
more information for the validation of the CEs, five DPs retrieved information from the medi-
cal records and the GP, and two DPs used the medical records and one used (telephone) ques-
tionnaires. Five of the eight DPs used the flowchart extractionmethod (20) to validate and
grade the CEs. Cohort and nested case-control studies will be published separately.

Discussion
PCSF is an ongoing EU-funded collaborative research project investigating late effects in
5-year CCS. The cardiac study of PCSF examines cardiac late effects in a large cohort and in a
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nested case-control study with data from eight European DPs. The current manuscript
describes in detail the methodologyof this cardiac study and we highlight the unique features
of this large Pan-European partnership. We believe that the cohort size and the chosenmeth-
odology of the cardiac study of PCSF will provide new evidence concerning risk factors of CEs
in CCS.

The PCSF collaboration will add new knowledge to that gained in previously published
studies.[5, 6, 8, 23, 34–37] In the past, CEs have been described in 3 types of studies. First, sin-
gle-centre studies have assessed the incidence and risk factors of CEs in CCS. [6, 23, 36] Some
of these studies have an almost complete follow-up and good outcome validation. However,

Table 2. Inclusion criteria for each data provider withinPCSF.

Type of cohort (>5 year survivors) Number of childhood
cancer survivors in
cohort

Age at primary
cancer diagnosis

Type of
malignancy

Period of primary
cancer diagnosis

France Hospital data (5 paediatric oncology centres),
clinical trials, and cancer registry (ongoing)

3,097 0-<21 years Solid tumours 1940–1986

Hungary Hospital data, clinical trials, and nationwide
cancer registry (ongoing)

5,162 0-<18 years All, including
benign CNS
tumours

1971–2008

Italy (hospital
based)

Nationwide cancer registry 3,004 0-<15 years All 1960–2008

Italy
(population
based)

CCRP (Childhood Cancer Registry of
Piedmont) and AIRTUM (Italian Association of
Cancer Registries)

15,124 0-<18 years All 1967–2009

The
Netherlands

DCOG LATER (= Dutch Childhood Oncology
group Long-termeffects) registry based on
Nationwide hospital based cohorts

6,087 0-<18 years All 1964–2001

Slovenia Nationwide Slovenian cancer registry, follow-
up clinic

2,341 0-<16 years All 1961–2002

Switzerland Nationwide Swiss Childhood Cancer Registry 4,718 0-<21 years All, and LCH 1964–2005

United
Kingdom

Nationwide cancer registration 17,981 0-<15 years All 1940–1991

CNS = central nervous system; LCH = Langerhans Cell Histiocytosis; PCSF = PanCareSurFup

doi:10.1371/journal.pone.0162778.t002

Table 3. Cardiac outcome ascertainment per data provider withinPCSF.

Data provider Methodof identification of potential cardiac events Source of additional information to
validate cardiac events

France Questionnaires to patients/ medical records Questionnaire/Telephone

Hungary Visit to follow up clinic/ Medical records + GP

questionnaires to patients

Italy (hospital
based)

Linkage: hospitalization database Medical records

Italy (population
based)

Hospital discharge database, medical records, questionnaire to patients Medical records

The Netherlands Questionnaires to patients or GP/Visit to follow up clinic/ medical records Medical records + GP

Slovenia Visit to follow up clinic/ questionnaires to patients Medical records + GP

Switzerland Visit to follow up clinic/ questionnaires to patients/ Linkage with death registry Medical records + GP

UnitedKingdom Questionnaires to patients/ linkage: different hospital episode databases (outpatient
+ in patient + emergency care + death registry)

Medical records + GP

GP = general practitioner; PCSF = PanCareSurFup

doi:10.1371/journal.pone.0162778.t003
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due to their small sample sizes, these studies are not able to examine risk factors for all types of
CEs.[6, 23, 36] Second,multicentre studies with large study populations have performed risk
factor analysis per specific CEs, but these have mainly analysed self-reported outcomes that
could be at risk of outcome reporting bias.[5, 35] Finally, nationwide studies using medical
record linkage have a large study population with complete follow-up and a diminished risk of
selection and outcome report bias [34, 38]. Nevertheless, they usually lack detailed treatment
information. These missing data can prevent the possibility of performing an in-depth treat-
ment related risk factor analysis.[34, 38] In contrast, PCSF addresses the incidence and risk fac-
tors of symptomatic CEs in a design that carries minimal risk of bias due to the method of
ascertainment and extensive validation of CEs, as well as benefiting from detailed information
on treatment.

Essential to the development of this project is the close collaboration between investigators
of several European countries that provides systematically ascertained and validated data on
symptomatic CEs. A potential drawback is that the differences in inclusion criteria and method
of identification of potential CEs might mean that the data is too heterogeneous to pool. One
of the main objectives of the cardiac component of PCSF is to adequately identify all potential
risk factors for CEs. This is especially important for less frequent CEs for which we currently
have only a small amount of data on risk factors. To adequately identify potential risk factors
we need sufficient numbers for the separate types of CEs. Studies have shown that the number
of outcome events are accountable for the number of covariates (potential risk factors) in the
Cox proportional hazard model.[39] Less than 10 events per covariate in the results of the Cox
proportional hazard should be interpreted with caution. We estimate that we will have 750 car-
diac cases in the case-control study. Applying the classification of CE types describedby a sin-
gle centre clinical cohort study [6], we can estimate the number of the different types of CEs
that we will have in our case-control study (Table 4). Hence, a strength of our study is that the
final number of the different types of CEs will be sufficient for adequate risk factor analyses
and safe interpretation.

Previous studies have suggested a possible association between genetic factors and CEs.[16,
17] Thus, the DNA that PCSF is collecting from all the cardiac cases and cardiac controls in
combination with the detailed information on the CCS will be a valuable source of information
for future research. Furthermore, PCSF has focused on developing evidence-based long-term
follow-up guidelines in collaboration with the International Guideline Harmonization group.
[40] These guidelines will be used to guide survivors and health care providers on, amongst
others, the prevention, early detection and treatment of long-term effects of childhood cancer.
The recently published clinical practice guideline on cardiomyopathy surveillance for CCS

Table 4. Estimated numbers of the separate types of CEs based on the assumption of 750 cardiac
cases.

Estimatednumber of each type of cardiac adverse event

Heart failure* 405

Cardiac Ischemia* 90

Pericarditis* 30

Valvular disease* 90

Arrhythmia* 135

*estimation based on van der Pal 2012: 54% heart failure, 12% cardiac ischemia, 4% pericarditis, 12%

valvular disease and 18% arrhythmia.

CE = cardiac event

doi:10.1371/journal.pone.0162778.t004
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notes the existing gaps in knowledge to improve cardiovascular health of CCS.[41] Armenian
and colleagues highlighted the need for multidisciplinary and international collaboration with
access to large populations in order to fill in these current research gaps.[41] Therefore, the
findings of the cardiac cohort and nested case-control study of PCSF will be an important
source of evidence and will provide an information base for long-term cardiac follow-up guide-
lines of CCS.Moreover, the successful identification of risk factors associated with the develop-
ment of CEs can inform the further development of less cardiotoxic treatment for childhood
cancer patients.

In conclusion, the cardiac studies included within the PCSF project benefit from the largest
cohort of 5-year CCS with detailed treatment information and systematic ascertainment and
validation of CEs. In order to achieve tailored follow-up of CCS at risk of CEs, the large number
of individuals in PCSF will allow to adequately identify risk factors for different types of symp-
tomatic CEs and incorporate this knowledge into evidence-basedclinical practice guidelines
for long-term follow-up of childhood cancer patients.

Supporting Information
S1 Appendix. Data collection form chemotherapy.
(DOC)

Acknowledgments
PanCareSurFup consortium; Lars Hjorth, Lunds universitet; Rod Skinner, University of New-
castle upon Tyne; Riccardo Haupt, Università degli studi di Torino; Peter Kaatsch, Universi-
tätsmedizin der Johannes Gutenberg-Universität Main; Julianne Byrne, Boyne Research
Institute Ltd; Eva Frey, St. Anna Kinderspital; Leontien Kremer, Academisch Medisch Cen-
trum bij de Universiteit van Amsterdam; Carlotta Sacerdote, Università degli studi di Torino;
Gillian Levitt Great Ormond Street Hospital for ChildrenNHS Trust; Claudia Kühni, Universi-
tät Bern; Florent de Vathaire, Institut Gustave Roussy;Mike Hawkins, University of Birming-
ham; Momcilo Jankovic, Fondazione Monza e Brianza per il Bambino e la sua Mamma; Samira
Essiaf, SIOP Europe; Eva Steliarova-Foucher, Centre international de recherche sur le cancer;
Edit Bárdi, Semmelweis Egyetem.

Author Contributions

Conceived and designed the experiments:EF HvdP RR CK JB SG GLWT FdVMH LK.

Analyzed the data: EF AF HvdP RR DW FdVMH LK.

Contributed reagents/materials/analysis tools: EF AF EvD HvdP RR DW CK RHDA JB EB
ZJ DG SGMJ GL RS LZZ LHWT FdVMH LK.

Wrote the paper:EF AF EvD HvdP RR DW CK RHDA JB EB ZJ DG SGMJ GL RS LZZ LH
WT FdVMH LK.

References
1. Robison LL, Hudson MM. Survivors of childhood and adolescent cancer: life-long risks and responsibili-

ties. Nature reviews Cancer. 2014; 14(1):61–70. doi: 10.1038/nrc3634 PMID: 24304873.

2. Geenen MM, Cardous-Ubbink MC, Kremer LC, Bos vd C., Pal vd H. J. H., Heinen RC, et al. Medical
Assessment of Adverse Health Outcomes in Long-termSurvivors of Childhood Cancer. JAMA. 2007;
297(24):2705–15. PMID: 17595271

Late Cardiac Events after Childhood Cancer: Methodology of a Pan-European Study

PLOS ONE | DOI:10.1371/journal.pone.0162778 September 19, 2016 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0162778.s001
http://dx.doi.org/10.1038/nrc3634
http://www.ncbi.nlm.nih.gov/pubmed/24304873
http://www.ncbi.nlm.nih.gov/pubmed/17595271


3. Hudson MM, Ness KK, Gurney JG, Mulrooney DA, Chemaitilly W, Krull KR, et al. Clinical Ascertain-
ment of Health Outcomes Among Adults Treated for Childhood Cancer. JAMA. 2013; 309(22):2371–
81. doi: 10.1001/jama.2013.6296 PMID: 23757085

4. Oeffinger KC, MertensAC, Sklar CA, Kawashima T, Hudson MM, Meadows AT, et al. Chronic Health
Conditions in Adult Survivors of Childhood Cancer. New England Journal of Medicine. 2006;
355:1572–82. PMID: 17035650

5. Mulrooney DA, Yeazel MW, Kawashima T, MertensAC, Mitby P, Stovall M, et al. Cardiac outcomes in
a cohort of adult survivors of childhood and adolescent cancer: retrospective analysis of the Childhood
Cancer Survivor Study cohort.Bmj. 2009; 339:b4606. Epub 2009/12/10. doi: 10.1136/bmj.b4606
PMID: 19996459; PubMed Central PMCID: PMC3266843.

6. Pal vd H. J., Dalen v E. C., Delden v E., Dijk v I. W., Kok WE, Geskus RB, et al. High risk of symptomatic
cardiac events in childhood cancer survivors. J Clin Oncol. 2012; 30(13):1429–37. Epub 2012/04/05.
doi: 10.1200/JCO.2010.33.4730 PMID: 22473161.

7. Garwicz S, Anderson H, Olsen JH, Winther JF, Sankila R, Langmark F, et al. Late and very late mortal-
ity in 5-year survivors of childhood cancer: changing pattern over four decades—experience from the
Nordic countries. International journal of cancer Journal international du cancer. 2012; 131(7):1659–
66. doi: 10.1002/ijc.27393 PMID: 22170520.

8. Reulen RC, Winter DL, Frobisher C, Lancashire ER, Stiller CA, Jenney ME, et al. Long-termCause-
Specific MortalityAmong Survivors of Childhood Cancer. JAMA. 2010; 304(2):172–9. doi: 10.1001/
jama.2010.923 PMID: 20628130

9. Tukenova M, Guibout C, Oberlin O, Doyon F, Mousannif A, Haddy N, et al. Role of cancer treatment in
long-termoverall and cardiovascular mortalityafter childhood cancer. J Clin Oncol. 2010; 28(8):1308–
15. doi: 10.1200/JCO.2008.20.2267 PMID: 20142603.

10. Hoff DD, Rozencweig M, Layard M, Slavik M, Muggia FM. Daunomycine-induced cardiotoxicity in chil-
dren and adults: a review of 110 cases. Am J Med. 1977; 62:200–8. PMID: 835599

11. Hoff DD, Layard M, Basa P, Davis HL, von Hoff AL, Rozencweig M, et al. Risk factors for doxorubicin-
induced congestive heart failure. Arch Intern Med. 1979; 91:710–7.

12. van der Pal HJ, van Dijk IW, Geskus RB, Kok WE, Koolen M, Sieswerda E, et al. Valvular Abnormalities
Detected by Echocardiography in 5-Year Survivors of Childhood Cancer: A Long-Term Follow-Up
Study. International journal of radiation oncology, biology, physics. 2014. doi: 10.1016/j.ijrobp.2014.09.
010 PMID: 25442333.

13. Mulrooney DA, Nunnery SE, ArmstrongGT, Ness KK, Srivastava D, Donovan FD, et al. Coronary
arterydisease detected by coronary computed tomography angiography in adult survivors of childhood
Hodgkin lymphoma. Cancer. 2014; 120(22):3536–44. doi: 10.1002/cncr.28925 PMID: 25041978;
PubMed Central PMCID: PMC4221540.

14. Lipshultz S, Lipsitz SR, Mone SM, Goorin AM, Sallan SE, Sanders SP, et al. Female sex and higher
drug dose as risk factors for late cardiotoxic effects of doxorubicin therapy for childhood cancer. N Engl
J Med. 1995; 332:1738–43. PMID: 7760889

15. ArmstrongGT, Oeffinger KC, Chen Y, Kawashima T, Yasui Y, Leisenring W, et al. Modifiable risk fac-
tors and major cardiac events among adult survivors of childhood cancer. Journal of clinical oncology:
official journal of the American Society of Clinical Oncology. 2013; 31(29):3673–80. Epub 2013/09/05.
doi: 10.1200/JCO.2013.49.3205 PMID: 24002505; PubMed Central PMCID: PMC3804290.

16. Blanco JG, Leisenring WM, Gonzalez-Covarrubias VM, Kawashima TI, Davies SM, Relling MV, et al.
Genetic polymorphisms in the carbonyl reductase 3 gene CBR3 and the NAD(P)H:quinone oxidoreduc-
tase 1 gene NQO1 in patients who developed anthracycline-related congestive heart failure after child-
hood cancer. Cancer. 2008; 112(12):2789–95. Epub 2008/05/07. doi: 10.1002/cncr.23534 PMID:
18457324.

17. Visscher H, Ross CJ, Rassekh SR, Barhdadi A, Dube MP, Al-Saloos H, et al. Pharmacogenomic pre-
diction of anthracycline-induced cardiotoxicity in children. J Clin Oncol. 2012; 30(13):1422–8. Epub
2011/09/09. doi: 10.1200/JCO.2010.34.3467 PMID: 21900104.

18. Winther JF, Kenborg L, Byrne J, HjorthL, Kaatsch P, Kremer LC, et al. Childhood cancer survivor
cohorts in Europe. Acta oncologica. 2015:1–14. doi: 10.3109/0284186X.2015.1008648 PMID:
25813473.

19. NCI. Common Terminology Criteria for Adverse Events (CTCAE) 2010. V4.03:[Available from: http://
evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf.

20. Feijen EAM, van der Pal HJ, van Dalen EC, Mulder RL, Bardi E, Kuehni C, et al. A new method to facili-
tate valid and consistent grading cardiac events in childhood cancer survivors using medical records.
PloS one. 2014; 9(7):e100432. doi: 10.1371/journal.pone.0100432 PMID: 25006805; PubMed Central
PMCID: PMC4090125.

Late Cardiac Events after Childhood Cancer: Methodology of a Pan-European Study

PLOS ONE | DOI:10.1371/journal.pone.0162778 September 19, 2016 9 / 11

http://dx.doi.org/10.1001/jama.2013.6296
http://www.ncbi.nlm.nih.gov/pubmed/23757085
http://www.ncbi.nlm.nih.gov/pubmed/17035650
http://dx.doi.org/10.1136/bmj.b4606
http://www.ncbi.nlm.nih.gov/pubmed/19996459
http://dx.doi.org/10.1200/JCO.2010.33.4730
http://www.ncbi.nlm.nih.gov/pubmed/22473161
http://dx.doi.org/10.1002/ijc.27393
http://www.ncbi.nlm.nih.gov/pubmed/22170520
http://dx.doi.org/10.1001/jama.2010.923
http://dx.doi.org/10.1001/jama.2010.923
http://www.ncbi.nlm.nih.gov/pubmed/20628130
http://dx.doi.org/10.1200/JCO.2008.20.2267
http://www.ncbi.nlm.nih.gov/pubmed/20142603
http://www.ncbi.nlm.nih.gov/pubmed/835599
http://dx.doi.org/10.1016/j.ijrobp.2014.09.010
http://dx.doi.org/10.1016/j.ijrobp.2014.09.010
http://www.ncbi.nlm.nih.gov/pubmed/25442333
http://dx.doi.org/10.1002/cncr.28925
http://www.ncbi.nlm.nih.gov/pubmed/25041978
http://www.ncbi.nlm.nih.gov/pubmed/7760889
http://dx.doi.org/10.1200/JCO.2013.49.3205
http://www.ncbi.nlm.nih.gov/pubmed/24002505
http://dx.doi.org/10.1002/cncr.23534
http://www.ncbi.nlm.nih.gov/pubmed/18457324
http://dx.doi.org/10.1200/JCO.2010.34.3467
http://www.ncbi.nlm.nih.gov/pubmed/21900104
http://dx.doi.org/10.3109/0284186X.2015.1008648
http://www.ncbi.nlm.nih.gov/pubmed/25813473
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf
http://dx.doi.org/10.1371/journal.pone.0100432
http://www.ncbi.nlm.nih.gov/pubmed/25006805


21. Geskus RB. Cause-specific cumulative incidence estimation and the fine and gray model under both
left truncation and right censoring. Biometrics. 2011; 67(1):39–49. doi: 10.1111/j.1541-0420.2010.
01420.x PMID: 20377575.

22. Badouna AN, Veres C, Haddy N, Bidault F, Lefkopoulos D, Chavaudra J, et al. Total heart volume as a
function of clinical and anthropometric parameters in a population of external beam radiation therapy
patients. Physics in medicine and biology. 2012; 57(2):473–84. doi: 10.1088/0031-9155/57/2/473
PMID: 22217603.

23. Lipshultz SE, Lipsitz SR, Sallan SE, Dalton VM, Mone SM, Gelber RD, et al. Chronic progressive car-
diac dysfunction years after doxorubicin therapy for childhood acute lymphoblastic leukemia. Journal of
clinical oncology: official journal of the American Society of Clinical Oncology. 2005; 23(12):2629–36.
Epub 2005/04/20. doi: 10.1200/JCO.2005.12.121 PMID: 15837978.

24. Behar C, Such S, Benoit Y, RobertA, Vilmer E., Boutard P, et al. Mitoxantrone-Containing Regimen for
Treatment of Childhood acute Leukemia (AML) and Analysis of Prognostic Factors: Results of the
EORTC Children Leukemia Cooperative Study 58872. Medical and Pediatric Oncology. 1996; 26:173–
9. PMID: 8544799

25. Dalen v EC, Pal vd HJ, Bakker PJ, Caron HN, Kremer LC. Cumulative incidence and risk factors of
mitoxantrone-induced cardiotoxicity in children: a systematic review. European journal of cancer. 2004;
40(5):643–52. Epub 2004/03/11. doi: 10.1016/j.ejca.2003.12.006 PMID: 15010064.

26. Tassinari D, SartoriS, Drudi G, Panzini I, Gianni L, Pasquini E, et al. Cardiac arrhythmias after cisplatin
infusion: Three case reportsand a review of the literature. Annals of Oncology. 1997; 8:1263–7. PMID:
9496393

27. Green DM, Nolan VG, Goodman PJ, Whitton JA, Srivastava D, Leisenring WM, et al. The cyclophos-
phamide equivalent dose as an approach for quantifying alkylating agent exposure: a report from the
Childhood Cancer Survivor Study. Pediatr Blood Cancer. 2014; 61(1):53–67. doi: 10.1002/pbc.24679
PMID: 23940101; PubMed Central PMCID: PMC3933293.

28. Goldberg MA, Antin JH, Guinan EC, J.M. R. Cyclophosphamide Cardiotoxicity: An Analysis of Dosing
as a Risk Factor. Blood. 1986; 68(5):1114–8. PMID: 3533179

29. Gottdiener JS, Appelbaum FR, Ferrans VJ, Deisseroth A, J. Z. Cardiotoxicity associated with high dose
cyclophosphamide therapy. Arch Intern Med. 1981; 141:758–63. PMID: 7235784

30. Landy DC, Miller TL, Lipsitz SR, Lopez-Mitnik G, Hinkle AS, Constine LS, et al. Cranial irradiation as an
additional risk factor for anthracycline cardiotoxicity in childhood cancer survivors: an analysis from the
cardiac risk factors in childhood cancer survivors study. Pediatr Cardiol. 2013; 34(4):826–34. doi: 10.
1007/s00246-012-0539-6 PMID: 23080542; PubMed Central PMCID: PMC3594453.

31. Hummel YM, Hooimeijer HL, Zwart N, Tissing WJ, Gietema JA, Voors AA, et al. Long-termcardiac
abnormalities after cranial radiotherapy in childhood cancer survivors. Acta oncologica. 2015; 54
(4):515–21. doi: 10.3109/0284186X.2014.969845 PMID: 25333757.

32. Kleinbaum DG, Klein M. Logistic regression. Third ed. Gail M, Krickeberg K, Samet JM, Tsiatis A,
Wong W, editors: Springer; 2010.

33. Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P. International Classification of Childhood Cancer,
third edition. Cancer. 2005; 103(7):1457–67. doi: 10.1002/cncr.20910 PMID: 15712273.

34. Garwicz S, Anderson H, Olsen JH, Winther JF, Sankila R, Langmark F, et al. Late and very late mortal-
ity in 5-year survivors of childhood cancer: changing pattern over four decades experience from the
Nordic countries. International journal of cancer Journal international du cancer. 2012; 131(7):1659–
66. doi: 10.1002/ijc.27393 PMID: 22170520.

35. Green DM, Grigoriev YA, Takashima JR, Norkool PA, D'Angio GJ, Breslow NE. Congestive heart fail-
ure after treatment for wilms’ tumor: A report from the National Wilms’ Tumor Study Group. Journal of
clinical oncology: official journal of the American Society of Clinical Oncology. 2001; 19:1926–34.

36. Hudson MM, Rai SN, Nunez C, Merchant TE, Marina NM, Zalamea N, et al. Noninvasive evaluation of
late anthracycline cardiac toxicity in childhood cancer survivors. Journal of clinical oncology: official
journal of the American Society of Clinical Oncology. 2007; 25(24):3635–43. Epub 2007/08/21. doi: 10.
1200/JCO.2006.09.7451 PMID: 17704413.

37. Kero AE, Jarvela LS, Arola M, Malila N, Madanat-Harjuoja LM, Matomaki J, et al. Cardiovascular mor-
bidity in long-termsurvivors of early-onset cancer: a population-based study. International journal of
cancer Journal international du cancer. 2014; 134(3):664–73. doi: 10.1002/ijc.28385 PMID: 23852751.

38. Gudmundsdottir T, J FW, de Fine Licht S, T GB, P HA, Tryggvadottir L, et al. Cardiovascular disease in
Adult Life after Childhood Cancer in Scandinavia: A population-based cohort study of 32,308 one-year
survivors. International journal of cancer Journal international du cancer. 2015. doi: 10.1002/ijc.29468
PMID: 25648592.

Late Cardiac Events after Childhood Cancer: Methodology of a Pan-European Study

PLOS ONE | DOI:10.1371/journal.pone.0162778 September 19, 2016 10 / 11

http://dx.doi.org/10.1111/j.1541-0420.2010.01420.x
http://dx.doi.org/10.1111/j.1541-0420.2010.01420.x
http://www.ncbi.nlm.nih.gov/pubmed/20377575
http://dx.doi.org/10.1088/0031-9155/57/2/473
http://www.ncbi.nlm.nih.gov/pubmed/22217603
http://dx.doi.org/10.1200/JCO.2005.12.121
http://www.ncbi.nlm.nih.gov/pubmed/15837978
http://www.ncbi.nlm.nih.gov/pubmed/8544799
http://dx.doi.org/10.1016/j.ejca.2003.12.006
http://www.ncbi.nlm.nih.gov/pubmed/15010064
http://www.ncbi.nlm.nih.gov/pubmed/9496393
http://dx.doi.org/10.1002/pbc.24679
http://www.ncbi.nlm.nih.gov/pubmed/23940101
http://www.ncbi.nlm.nih.gov/pubmed/3533179
http://www.ncbi.nlm.nih.gov/pubmed/7235784
http://dx.doi.org/10.1007/s00246-012-0539-6
http://dx.doi.org/10.1007/s00246-012-0539-6
http://www.ncbi.nlm.nih.gov/pubmed/23080542
http://dx.doi.org/10.3109/0284186X.2014.969845
http://www.ncbi.nlm.nih.gov/pubmed/25333757
http://dx.doi.org/10.1002/cncr.20910
http://www.ncbi.nlm.nih.gov/pubmed/15712273
http://dx.doi.org/10.1002/ijc.27393
http://www.ncbi.nlm.nih.gov/pubmed/22170520
http://dx.doi.org/10.1200/JCO.2006.09.7451
http://dx.doi.org/10.1200/JCO.2006.09.7451
http://www.ncbi.nlm.nih.gov/pubmed/17704413
http://dx.doi.org/10.1002/ijc.28385
http://www.ncbi.nlm.nih.gov/pubmed/23852751
http://dx.doi.org/10.1002/ijc.29468
http://www.ncbi.nlm.nih.gov/pubmed/25648592


39. Peduzzi P, Concato J, Feinstein AR, Holford TR. Importanceof events per independent variable in pro-
portinalhazards regression analysis II. Accuracy and precision of regression estimates. j Clin Epide-
miol. 1995; 48(12):1503–10. PMID: 8543964

40. Kremer LC, Mulder RL, Oeffinger KC, Bhatia S, Landier W, Levitt G, et al. A worldwide collaboration to
harmonize guidelines for the long-termfollow-up of childhood and young adult cancer survivors: a
report from the International Late Effects of Childhood Cancer Guideline Harmonization Group. Pediatr
Blood Cancer. 2013; 60(4):543–9. doi: 10.1002/pbc.24445 PMID: 23281199; PubMed Central PMCID:
PMC3819170.

41. Armenian SH, Hudson MM, Mulder RL, Chen MH, Constine LS, Dwyer M, et al. Recommendations for
cardiomyopathy surveillance for survivors of childhood cancer: a report from the International Late
Effects of Childhood Cancer Guideline Harmonization Group. Lancet Oncol. 2015; 16(3):e123–e36.
doi: 10.1016/s1470-2045(14)70409-7 PMID: 25752563

Late Cardiac Events after Childhood Cancer: Methodology of a Pan-European Study

PLOS ONE | DOI:10.1371/journal.pone.0162778 September 19, 2016 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/8543964
http://dx.doi.org/10.1002/pbc.24445
http://www.ncbi.nlm.nih.gov/pubmed/23281199
http://dx.doi.org/10.1016/s1470-2045(14)70409-7
http://www.ncbi.nlm.nih.gov/pubmed/25752563

