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Abstract

Cancer therapy related cardiac dysfunction (CTRCD) is an area of increasing focus,
particularly during the survivorship period, for paediatric, adolescent and adult cancer
survivors. With the advent of immunotherapy and targeted therapy, there is a new set of
mechanisms from which paediatric and young adult patients with cancer may suffer
cardiovascular injury. Furthermore, cardiovascular disease is the leading cause of morbidity
and mortality in the survivorship period. The recently established Australian Cardio-Oncology
Registry (ACOR) is the largest and only population-based cardiotoxicity database of paediatric
and adolescent and young adult (AYA) oncology patients in the world, and the first paediatric
registry that will document cardiotoxicity caused by chemotherapy and novel targeted therapies
using a prospective approach. The database is designed for comprehensive data collection and
evaluation of the Australian practice in terms of diagnosis and management of CTRCD. Using
the ACOR registry critical clinical information will be collected regarding predisposing factors
for the development of CTRCD, the rate of subclinical LV dysfunction and transition to overt
heart failure, further research into protectant molecules against cardiac dysfunction and aid in
the discovery of which genetic variants predispose to CTRCD. A health economic arm of the
study will assess the cost/benefit of both the registry and cardio-oncology clinical
implementation. Finally, an imaging arm will establish if exercise magnetic resonance imaging
(CMR) and VO2 max testing is a more sensitive predictor of cardiac reserve in paediatric and
AY A oncology patients exposed to cardiac toxic therapies.
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INTRODUCTION

In recent decades, dramatic improvements in the treatment of childhood cancer have resulted
in five-year survival rates of approximately 80%. However, a number of the antineoplastic
agents responsible for these outcomes have cardiotoxic effects which have contributed
significantly to morbidity and mortality among childhood cancer survivors.(1) The best known
contributor to cardiotoxicity are the anthracyclines, a class of chemotherapeutic agents used

extensively across both haematological malignancies and solid tumours. Anthracycline use is

associated with cardiac complications ranging from sub-clinical echocardiographic
abnormalities such as reduced left ventricular ejection fraction (LVEF), to overt heart failure,
estimated to occur in up to 57%(2) of children treated with these agents. Anthracycline
cardiotoxicity (ACT) is classified based on its temporal relationship to anthracycline
therapy.(1) Acute-onset ACT occurs within a week of therapy initiation and is typically a
transient phenomenon characterised by a pericarditis-myocarditis syndrome, arrhythmias, and
depressed left ventricular contractility. (3) Early- and late-onset ACT occur within and after
one year of therapy, respectively, and manifest with a progressive dilated cardiomyopathy.(1)

Risk factors for ACT in children include higher cumulative anthracycline dosage, concomitant
mediastinal radiotherapy, as well as patient-specific factors such as female sex and younger
age at diagnosis.(1, 3) Nevertheless, there is a high degree of intra-individual variability and
unpredictability associated with ACT suggesting that a genetic component underlies this
adverse drug reaction. Indeed, preliminary pharmacogenomic studies have revealed an
association between ACT and a multitude of genetic polymorphisms associated with

anthracycline cardiac functional pathways and hepatic clearance.(4-8).

Beyond anthracyclines, cancer therapeutic-related cardiac dysfunction (CTRCD) extends to a
number of contemporary targeted therapeutics in both the adult and paediatric population. In
breast cancer, the human epidermal growth factor receptor 2 (HER2) monoclonal antibody
trastuzumab results in heart failure and treatment-limiting decreases in LVEF in 4% and 14%
of patients, respectively,(9) and when combined with chemotherapy, significantly increases the
risk of these outcomes compared with chemotherapy alone.(10) A recent meta-analysis
revealed a dose-dependent increase in the risk of ischaemic heart disease among patients treated
with the vascular endothelial growth factor (VEGF) inhibitor bevacizumab.(11) Furthermore,
the multi-target tyrosine kinase inhibitor (TKI) sunitinib has been associated with left
ventricular systolic and diastolic dysfunction, as well as clinical heart failure.(12, 13) The
cardiotoxicity of this class, however, is less well-characterised compared with anthracyclines

or trastuzumab.(14)
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With 5-year survival rates of approximately 80% in paediatric cancer,(15) the monitoring and
treatment of long-term therapy-related side effects including CTRCD have become paramount
to the ongoing care of childhood cancer survivors. It is therefore important that a variety of
cardiac investigations be evaluated in the assessment of CTRCD, and that the cost-
effectiveness of interventions offered to patients with this complication be analysed. However,
prospective studies of children exposed to cardiotoxic cancer therapy have yet to be conducted
in Australia, and there are no standard predictors of cardiotoxicity that can be used for pre-
treatment risk stratification or individualised dose titration.

Rationale for the Australian Cardio-Oncology Registry (ACOR)

ACOR is the largest and only population-based cardiotoxicity database of paediatric and
adolescent and young adult (AYA) oncology patients in the world, and the first paediatric
registry that will document cardiotoxicity in response to both chemotherapy and novel targeted
therapies using a prospective and longitudinal approach.

To date, the systematic reporting and recording of CTRCD in paediatric patients has been sub-
optimal.(16) The rate, clinical significance, evolution, and persistence of sub-clinical
reductions in LVEF have not systematically documented. While monitoring cardiac function
before, during, and after therapy helps physicians to identify these LVEF changes, the absence
of clear paediatric guidelines means that follow-up and management of these patients varies
widely, particularly in the early phase of LV dysfunction. Moreover, there is limited data on
the incidence, management, and monitoring of cardiac dysfunction resulting from exposure to
novel therapeutics. Recently, in the United States, Canada and Europe, cardio-oncology clinics
have emerged with the intent to harmonise and coordinate approaches to CTRCD.(17) To date,

no such public clinics exist in Australia.

The Australia Cardio-Oncology Registry (ACOR) is a repository for demographic and clinical
data for all paediatric and AY A patients exposed to cardiotoxic cancer therapy across Australia
and New Zealand. ACOR will prospectively compile a detailed data set that can be used to
document cardiotoxicity (and other adverse outcomes) within paediatric, and AYA patients in

order to inform guidelines and policy. This first of its kind cardio oncology biobank will
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facilitate both genetic and mechanistic studies into the molecular pathogenesis of CTCRD.
Thus, ACOR will provide a comprehensive longitudinal analysis of CTRCD in the paediatric
and AYA cohorts, and facilitate ongoing research and discovery in primary and secondary

prevention of cardiovascular complications arising from cancer therapy.
Objectives

ACOR is a unique initiative to improve the cardiovascular health of paediatric and AY A cancer

survivors. The specific objectives are:

1: To expand Australia’s first national cardio-oncology registry and biobank for paediatric and
young adult oncology patients in order to assess the long-term management of chemotherapy
related cardiomyopathy and characterise the progression as well as other clinical outcomes,

including mortality and morbidity.

2: To develop and implement national cardio-oncology guidelines and clinics, for the
identification and management of cardiovascular disease in paediatric and AYA cancer

survivors.

3: To provide a comprehensive health economic data outlining (a) the cost and (b) the short-
term cost-effectiveness of the both the registry and newly established cardio-oncology clinics

to inform policy decisions by Government and private health providers.

4: To establish if modern imaging with exercise magnetic resonance imaging (CMR), VO, max

testing is a more sensitive predictor of cardiac reserve in patients with and without ACT.
Partners

ACOR is a partnership including tertiary paediatric oncology and adult
Oncology/Haematology institutes nationally including: The Royal Children’s Hospital
Melbourne, Monash Medical Centre Melbourne, Peter MacCallum Cancer Centre Melbourne,
The Royal Melbourne Hospital, The Children’s Hospital at Westmead, The Children’s Hospital

at Randwick, Hunter New England Health Newcastle, Queensland Children’s Hospital, , Perth
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Children’s Hospital, Royal Hobart Hospital, The Women’s and Children’s Hospital South
Australia and Starship Hospital New Zealand.

Eligibility

All paediatric and young adult patients (aged 0-35 years) with a new cancer diagnosis who
have been exposed to cardiotoxic agents will be eligible to participate. Moreover, patients from
this age group who have been treated for cancer within the preceding 5 years with known
CTRCD will be eligible for inclusion. Agents considered to be cardiotoxic will include, but are
not limited to; the anthracyclines daunorubicin, doxorubicin, doxorubicin liposome injection,

epirubicin, idarubicin, and valrubicin, along with targeted therapies including trastuzumab,

bevacizumab, lapatinib, sunitinib, sorafenib, and imatinib.

Patients with a prior diagnosis of congenital heart disease, pre-existing cardiomyopathy or
Trisomy 21 will be excluded from the registry, along with those receiving palliative care at the
time of recruitment. Further exclusion criteria include the absence of a legally acceptable
representative capable of completing the informed consent document on behalf of those
participants less than 18 years of age, and those who are unable to attend an appropriate institute

for cardiac assessment.
Data Collection

Patients recruited into ACOR will be asked to consent to enrolment into four interlinked arms
(Figure 1): (a) Registry;(b) Biobanking; (c) Extended Cardiac Evaluation; (d) Health Economic
Analysis. The ACOR REDCap database records 300 clinical endpoints in a systematic manner
across all participating institutes.
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Figure 1: Partners, governance and enrolment arms of the ACOR study. The ACOR study
outcomes will include (a) Comprehensive clinical phenotyping of all eligible patients exposed
to cardiac toxic therapies nationally (b) Longitudinal data to monitor cardiac outcomes in
paediatric and young adult cancer survivors. (c) National Cardio-Oncology Biobank to
facilitate further basic science studies. (d) State of the art cardiac imaging studies to help guide
assessment of cardiac reserve (e) Expert steering committee to guide and approve future study
developments, analysis and dissemination of results and establish national paediatric cardio-

oncology guidelines.
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(a) Analysis of Registry Endpoints

Data will be analysed at six-monthly time-points the data will be analysed to determine risk
factors, epidemiology, clinical profiles, clinical outcome, management of LVEF, and changes
to oncology management as a result of CTRCD. The measured primary outcomes are (i)
Freedom from adverse events (measured as time related hazards) including death, development
of LVEF dysfunction, heart transplantation, arrhythmias, thromboembolic events,
hypertension, poor functional status, and initiation of cardiac medication. (ii) Quality of life
and psychological health and well-being for both children (using the Pediatric Quality of Life
Inventory (PedsQL) version 4.0 which includes 4 domains: physical, emotional, social and
school functioning) and carer (using the assessment of quality of life 8D (AQoL-8D)). CTRCD
will be defined according to the following echocardiographic criteria: a symptomatic decrease
in LVEF by more than 5%, an asymptomatic decrease in LVEF by more than 10% to less than
55%, or a reduction in global longitudinal strain (GLS) by 12% or more in any of the

echocardiograms conducted at 3, 6, 9, and 12 months post-baseline.
(b) Biobanking

Each participating Institute will biobank their specimens locally. The hosting Institute tissue
bank coordinator will organise the transfer of appropriate biological material for specific
projects once approved by the Steering Committee. Whole exome and whole genome
sequencing will be performed on patients with and without cardiotoxicity as the database

matures.

(c) Health Economic analysis to determine (1) the cost and (2) short-term cost-effectiveness

of the registry and cardio-oncology clinics, from a government and/or societal perspectives.

Clinical registries have demonstrated utility as a means of improving patient outcomes and
the safety and quality of care. Value for money of the creation of ACOR and its clinics in
the short-term, within an initial 5-year period, will be assessed by cost-consequences or cost-

effectiveness analysis. The cost-effectiveness analysis will compare incremental costs
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associated with creation of the ACOR, and clinics, to all incremental outcomes measured in
the outcome evaluation (e.g. adverse event mortality case averted or Quality adjusted life year
(QALY)) in a cost-consequences analysis. Healthcare in Australia and New Zealand is
predominately provided by the Government, thus ACOR will evaluate economic impact from
a provider prospective. Costs associated with the implementation of the standardised guidelines
and the cardio-oncology clinics will be collected and valued using market value of goods where
relevant. Costs associated with health service usage by patients will be collected, linked to
individual patient’s data from the Medicare Benefit Schedule and Pharmaceutical Benefits
Scheme and valued using best available national sources. The goal of this analysis is to provide
a platform from which to guide policy decisions made by managers of the healthcare system to

ensure maximal positive economic impacts for patients and their families
(d) Extended Cardiac Evaluation

Exercise cardiac magnetic resonance imaging (cMRI) and cardiopulmonary exercise testing
are superior for early detection of cardiac dysfunction in adults.(18) Neither of these imaging
modalities are routinely used in the paediatric setting. In this context, we saught to utilise
ACOR to provide evidence to support the utility of cMRI and exercise testing for early
detection of post-therapeutic heart damage in a paediatric and AYA population. To do this a
sub-set of patients from two sites will be enrolled in a cardiac functional study (Extended
Cardiac Evaluation) building on previous work in an adult population.(18) A pilot study in
paediatric and AYA patients has been performed already using cardiopulmonary exercise
testing, rest and cMRI. The results show that resting measures of cardiac function are
insensitive to significant cardiac dysfunction within the population. This validation study is an

exemplar of the range of additional research studies that ACOR will enable in the future.
Discussion

Paediatric and AY A cancer survivors are a patient group with the highest number of life-years
saved following a cancer diagnosis. In this context, improving their quality of life and co-
morbidities following cancer care is imperative. (19) The establishment of the ACOR is a step

towards ensuring improved short and long-term cardiovascular disease outcomes for paediatric
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and AYA cancer survivors. As the largest and only population-based cardiotoxicity database
of paediatric and AY A oncology patients in the world, and the first paediatric registry that will
document cardiotoxicity in response to both chemotherapy and novel targeted therapies using
a prospective and longitudinal approach, the study has unique potential to improve our
understanding of CTRCD in the modern era. This represents a significant advance over the

current localised and ad hoc approach to monitoring CTRCD.

While clinical risk factors for ACT in particular such as younger age at diagnosis and female
sex have been identified through previous research, their support has not been universal within
the literature.(20-22) This complication is therefore difficult to predict based on such clinical
information, suggesting a significant genetic component to its pathophysiology whose further
characterisation will assist in developing an effective individualized risk stratification process.
ACOR will enable further analysis of genetic profiling for survivors, to assist in risk
stratification of the patient cohort. Ultimately, this could lead to ‘at-risk’ patients being
identified at the commencement of their cancer therapy from which risk prevention strategies
can be initiated. Risk stratification for CTRCD may allow for individualisation of therapy and

thus reduce the incidence of this adverse drug reaction.

Current evaluation of heart function is reliant upon echocardiography. However, this imaging
modality on its own has low diagnostic sensitivity and low predictive power in detecting subtle
cardiac injury.(16) ACOR will therefore utilise more sophisticated imaging such as exercise
CMR and VO2max testing to follow disease progression and establish this modality’s role in

toxicity monitoring.

Importantly, in terms of health policy development, ACOR will provide a detailed analysis of
the health economic impacts of both the registry and a trial of specialised cardio-oncology
clinics. This cost-effectiveness profiling is necessary to develop sound policies and guidelines
for the management CTRCD.

By identifying the parameters and practices (be that genetic, imaging surveillance, or
therapeutics) that lead to long-term survival free of adverse cardiac events, we will develop

guidelines that ensure the best quality of life for our patients. This pioneering work provides a
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sound platform from which longer-term studies can be initiated, given CTRCD is observed

well beyond 20 years post exposure to the drug.
Future perspectives

ACOR is about to publish its first annual review. This review will evaluate the structure,
performance, and quality of the data-set to date. Following this, the next outcome (over years
2-3) will be to begin longitudinally documenting the CTRCD phenotype and begin the analysis
both the genetic studies that may predispose to this toxicity, and evaluate novel imaging
techniques for assessment of cardiac reserve. In an advanced step (approximately years 3-5),
ACOR will use the developed cardiotoxicity cellular models to assess the function of genomic
variants that predispose to ACT and to discover new cardio-protectant molecules in vitro. The
culmination of this work will be to create guidelines and policy for paediatric and adolescent

patients exposed to cardiotoxicity in the modern era.
Conclusion

As an established partnership of 12 tertiary paediatric and adult tertiary institutes, the ACOR
registry and biobank will provide a comprehensive documentation of the current diagnostic
and therapeutic approaches to CTRCD across Australia and New Zealand. This registry and
biobank will build an evidence base that will inform paediatric and AYA cardio-oncology
guidelines, policies and position. In addition, it will provide a research platform from which
the mechanisms, pathology, detection and protection against CTRCD can be investigated

further.
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