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Abbreviations: 
	Abbreviation
	Full term

	ACT
	advanced cardiac therapy

	COC
	cardio-oncology clinic

	CR
	chest radiation

	HDA
	high-dose anthracycline

	LV
	left ventricle

	LVEF
	left ventricular ejection fraction

	LVSD
	left ventricular systolic dysfunction

	MRI
	magnetic resonance imaging

	OHFT
	oral heart failure therapy

	SD
	standard deviation
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Abstract
The comprehensive care that cancer patients require has become increasingly complex and led to the creation of cardio-oncology clinics (COC). Ninety-five patients were referred to our quaternary care COC. Initiation of oral heart failure therapy (OHFT) or advanced cardiac therapies within 1 year following referral were identified and risk factors for these were evaluated. Patients older at the time of cancer diagnosis and with lower LV ejection fraction were more likely to require OHFT. COC’s elicit a high degree of clinically actionable information for pediatric patients suffering from not only cancer, but also cardiomyopathy, a particularly high-risk patient population.
Introduction
With advancements in the diagnosis and treatment of childhood cancer, approximately 85% of children diagnosed under the age of 20 remain alive 5 years later 1. However, with this improved survival, nearly 75% of survivors will suffer from a chronic health condition related to their cancer. Cardiovascular disease has emerged as a leading cause of long-term morbidity and mortality after cancer recurrence and secondary malignancies, and compared to the general population, survivors of childhood cancer are eight-fold more likely to die from cardiovascular causes 2. Although treatment strategies have evolved, many of the chemotherapy protocols and radiation techniques known to cause adverse cardiovascular effects, most commonly some degree of left ventricular systolic dysfunction (LVSD), are still used today.  Furthermore, novel agents such as the immune checkpoint inhibitors are increasingly recognized as being causative of both myocarditis and ventricular dysfunction 1. Oncology patients require comprehensive cardiac screening and monitoring prior to, during and after their cancer treatment. This level of complexity has led to increasing numbers of cardio-oncology clinics (COCs). Despite the proliferation of COCs in pediatrics, procedures and outcomes from these programs are lacking.  Here, we describe the cohort characteristics and 1-year outcomes following COC implementation in a large quaternary care institution. 
Methods
We undertook a retrospective review of patients referred to the COC at Nationwide Children’s Hospital in Columbus, Ohio from 2017 to 2020. This study was approved by the Institutional Review Board of our institution. Referral indications included: any history of chest radiation (CR), high-dose anthracycline (HDA) exposure (≥300 mg/m2), or LVSD (defined by a LV ejection fraction (LVEF) ≤ 55%).  Clinic protocols were developed by heart failure physicians with clinical experience with oncology patients, with a general recommendation to consider oral heart failure therapies (OHFT) in any patient with LVSD. Initiation of OHFT or advanced cardiac therapies (ACT; inotropes, mechanical circulatory support, transplant) within 1 year following initial COC evaluation were identified and risk factors for these were evaluated via univariate analyses and reported as mean ± standard deviation. 
Results
Ninety-seven patients aged 5 days to 21 yrs old were referred. Two patients died before evaluation from non-cardiac causes and 13 were never seen in our COC, but still had data to review. The average age at cancer diagnosis was 8.1 ± 5.5 yrs with time from diagnosis to referral of 8.5 ± 5.8 yrs. Our cohort consisted of patients with the following cancer diagnoses: leukemia/lymphomas 43/95 (45%), soft tissue sarcomas 26/95 (27%), embryonal tumors 25/95 (26%), and CNS tumors 1/95 (1%). Wilms tumor, hepatoblastoma, and neuroblastoma were all included within the embryonal tumor category. There was also one patient with myelodysplastic syndrome who was included in the leukemia/lymphoma category. In total, 46/95 (48%) received HDA and 35/95 (36%) received CR.  Of the evaluated patients, 27/95 (28%) had LVSD at time of presentation to COC by echocardiogram and 39/95 (41%) received cardiac MRIs. OHFT was initiated in 29/95 (31%), of those, 44% had leukemia/lymphoma, 35% soft tissue sarcoma, and only 4% had embryonal tumors. Twenty-five patients (86%) were started on ACE inhibitors, 4 (14%) on a beta blocker, and 1 (3%) on digoxin. There were 2 patients (7%) started on a multi-drug regimen and none required ACT. Of note, no oncology patients, regardless of referral to COC, who presented during this time period required ACT either. Patients who required OHFT were more likely to be older at the age of cancer diagnosis, 10.8 ± 5.1 vs 7.0 ± 5.3 yrs (p=0.001), have a lower echocardiographic LVEF at referral 54.5 ± 5.7% vs 62.1 ± 5.2% (p <0.001), and a lower LVEF on cardiac MRI 51.1 ± 4.2% vs 58.2 ± 3.5% (p<0.001).  A higher proportion of patients who received both HDA and CR were on OHFT (4/8, 50%) compared to patients with HDA (18/46, 39%) or CR (9/35, 26%) exposure alone, although not statistically significant (Figure 1).
Discussion
Despite the proliferation of pediatric COC’s, this is the first study we are aware of describing the referral indications, cohort characteristics and outcomes of a COC at a large quaternary pediatric care institution. This single center review of patients referred to a COC demonstrated that such clinics elicit a high degree of clinically actionable information in this particularly high-risk population.  We successfully identified patients requiring OHFT, which was undertaken in more than 30% of referred patients. Importantly, all patients, even those with depressed function, had no overt heart failure symptoms at the time they were seen in our COC. Groups more likely to require OHFT included patients older at the time of cancer diagnosis, lower LVEF at the time of referral, and lower LVEF on cardiac MRI. While only eight patients in our cohort had received both HDA and CR, four required initiation of OHFT, implying potential higher risk for this dually exposed cohort. This is in line with previous reports of similarly exposed cohort having a 12.5% prevalence of a serious cardiac event within 30 years of diagnosis 3. 
One obvious limitation is the difficulty in assessing the degree of OHFT initiation prior to our COC creation, which we hope to address in future work. A second is the lack of guideline directed therapy prompting OHFT initiation, although the working group of heart failure physicians attempted to protocolize that any degree of dysfunction, by any modality at time of assessment, would lead to such therapy. Ultimately, given the heterogeneity of pediatric diagnoses, age at diagnosis, and natural histories, further longitudinal study is needed to best elucidate the highest risk-groups who will most benefit from COCs and OHFT, especially given the fact that all of our patients were asymptomatic and 30% were initiated on OHFT. While developing that data, the frequency of screening and decision to initiate therapies is ultimately provider-dependent. In our single center cohort, with only short-term follow-up, the implementation of a COC has led to improved scrutiny, generated actionable data, and the means for long-term follow-up and data generation to best answer these pressing questions.
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Figure 1. Percentage of patients requiring oral heart failure therapy (OHFT) based on treatment type. Fifty percent of patients who received both CR and HDA required OHFT. CR, chest radiation; HDA, high-dose anthracycline. 
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