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Abstract

Objective: To enhance the understanding of cardiovascular care delivery in childhood cancer patients and
Survivors.

Study design: A 20-question survey was created by the Pediatric Cardio-oncology Work Group of the American
College of Cardiology (ACC) Cardio-oncology Section to assess the care, management, and surveillance tools
utilized to manage pediatric/young adult cardio-oncology patients. The survey distribution was a collaborative effort
between Cardio-oncology Section and membership of the Adult Congenital and Pediatric Cardiology Section
(ACPQ) of the ACC.

Results: Sixty-five individuals, all self-identified as physicians, responded to the survey. Most respondents (n =58,
89%) indicated childhood cancer patients are regularly screened prior to and during cancer therapy at their centers,
predominantly by electrocardiogram (75%), standard echocardiogram (58%) and advanced echocardiogram (50%)
(i.e. strain, stress echo). Evaluation by a cardiologist prior to/during therapy was reported by only 8(12%)
respondents, as compared to post-therapy which was reported by 28 (43%, p < 0.01). The most common
indications for referral to cardiology at pediatric centers were abnormal test results (n = 31,48%) and history of
chemotherapy exposure (n = 27,42%). Of note, during post-treatment counseling, common cardiovascular risk-
factors like blood pressure (31,48%), lipid control (22,34%), obesity & smoking (30,46%) and diet/exercise/weight loss
(30,46%) were addressed by fewer respondents than was LV function (72%).

Conclusions: The survey data demonstrates that pediatric cancer patients are being screened by EKG and/or
imaging prior to/during therapy at most centers. Our data, however, highlight the potential for greater involvement
of a cardiovascular specialist for pre-treatment evaluation process, and for more systematic cardiac risk factor
counseling in posttreatment cancer survivors.
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Introduction

Every year in the United States, cancer is diagnosed in
more than 15,700 patients under 20-years of age [1].
Improved diagnosis and treatment have led to a dra-
matic increase in survival, which now exceeds 80% at 5-
years after diagnosis, and translates to approximately
450,000 individuals living with a history of childhood
cancer [2]. This improved survival is accompanied by an
increased rate of associated long-term cardiovascular
complications, which is the leading cause of both mor-
bidity and mortality in long-term childhood cancer
survivors [3, 4]. Despite the increasing awareness of
cardiovascular morbidity in these patients, limited infor-
mation exists on cardiovascular care delivery to this
pediatric population. Therefore, members of the American
College of Cardiology (ACC) Cardio-oncology Section
and the ACC Pediatric Cardio-oncology Work Group,
representing 15 different pediatric cardiology centers per-
formed a practice survey of cardiology providers in the US
caring for pediatric cancer patients. The purpose of this
survey was to improve understanding of what groups of
young childhood cancer survivors are being followed by
pediatric cardiologists and for which indications, and what
guidelines, if any, cardiologists use in their evaluation,
management, and follow-up of cancer survivors.

Method

In November 2017, a 20-question survey created by
the multi-center Pediatric Work Group of the ACC
Cardio-oncology Section was distributed to the mem-
bers of the Adult Congenital and Pediatric Cardiology
Section (ACPC) of the ACC asking “any practitioner
who cares for [pediatric and/or adolescent cardio-
oncology] patients” to answer “who is managing care,
what methods of surveillance are employed, and how
treatment is carried out.” The survey questionnaire is
attached in the Additional file 1. Survivors were de-
fined as those patients who have already undergone
cancer therapy. Of note, patient demographics were
not available for this study. Results are presented as
count (%). Chi-square or the Fisher-Exact test was
used for testing relationships between categorical vari-
ables where appropriate. Data analysis was performed
on IBM SPSS version 24 (IBM Corp. Released 2015.
IBM SPSS Statistics for Mac OS, Version 24.0.
Armonk, NY: IBM Corp.). For some questions, not all
participants replied, and this is indicated in the text.

Results

A total of 65 individuals, all self-identified as physicians,
responded to the survey. Of the respondents, 46 (71%)
were affiliated with an academic institution, 11 (17%) in
a practice owned by a hospital or larger institution, and
the remainder owned by a corporation (n =4, 6%), either
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privately owned (n=3, 5%), or other (n=1, 2%). The
majority, 34 (52%), of those who returned the survey
worked in a setting that had a cancer survivorship clinic,
with 12 (18%) working in an environment where cardi-
ology was embedded in the cancer survivorship clinic.

Which patients are seen, and by whom?

When asked “Who is responsible for managing cardio-
oncology issues”, 31 (48%) respondents indicated that
cardio-oncology care was shared between Pediatric
Cardiology and Pediatric oncology, while 26 (40%) re-
plied Pediatric Cardiology only and 2 (3%) Oncology
only. Interestingly, only 3 (5%) respondents worked at
an institution with a dedicated cardio-oncology service;
the remainder listed “unknown” or “other”. When asked
“Which of the following patients are seen for cardio-
oncology at your institution”, 31 (48%) respondents indi-
cated that their institution followed pediatric cancer
survivors only, as opposed to 23 (35%) who follow both
pediatric and adult cancer survivors; 11 (17%) marked
“unknown” or “does not apply”. Regarding indications
for referral of patients with cancer to a cardiologist, 31
(48%) responded those patients with abnormal test
results [i.e. electrocardiogram (ECG), echocardiogram],
14 (22%) responded those treated with anthracyclines,
13 (20%) responded those treated with any type of
chemotherapy, and 2 (3%) responded those with treated
with radiation therapy (Fig. 1). Once patients had under-
gone therapy (i.e. survivors), the majority (n =36, 55%)
had at least one visit with a cardiologist, if there was an

- Abnormal test results (i.e. ECG, echocardiograms) after cancer treatment

[:’ Anthracycline exposure
“ All chemotherapy exposure

H]]]]]]]]]] All radiation exposure, regardless of chemotherapy

- Unknown

Fig. 1 Reasons for referral to a cardiologist in childhood cancer
patients undergoing cancer care. Responses to the question “Which
of the following patient populations are referred for assessment by a
cardiologist at your institution?” N = 65. Abnormal testing result is
the major reason for cardiology referral
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abnormality found on Children’s Oncology Group
(COG) recommended testing. One-quarter of respon-
dents indicated that patients were seen by a cardiologist
at all COG recommended surveillance intervals (1 =15,
23%).

Cardiac surveillance methods, pre-treatment and post-
treatment

A majority of respondents (n =58, 89%) were in a prac-
tice environment where patients receive baseline cardiac
screening prior to and during cancer therapy. Since this
was a survey directed at physicians’ practice behavior, no
further information on demographics of patients who
underwent screening were available. Most of the respon-
dents reported that cancer survivors were assessed by
ECG (75%), standard echocardiographic modalities
(58%), and advanced echocardiographic modalities such
as strain imaging, or stress echocardiography (50%)
(Table 1). For patients who were undergoing active
therapy, respondents reported that evaluation intervals
were determined based on COG recommendations for
cardiac screening in cancer patients (n =28, 43%) or
chemotherapy-specific protocols (n =18, 28%); 14 (22%)

Table 1 Comparison of cardiology evaluation and
cardiovascular imaging modalities in patients before/during
treatment versus during survivorship care, by provider report.
Patients were more likely to be evaluated by a cardiologist post-
treatment or during survivorship care than prior/during cancer
treatment. There was an increase in use of Cardiac MR imaging
as part of survivorship care

Cardiac Visit/Cardiac Testing

Before/During  After Treatment/ P-value
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respondents did not know the recommended screening
interval for pediatric cancer survivors. Once patients
were identified as cancer survivors, the reported usage of
ECG and echocardiogram by cardiologists was similar to
that reported for prior to cancer therapy (ECG: 75% vs
66%, p=0.27; standard echocardiogram: 58% vs 55%,
p =0.77 and advanced echocardiogram: 50% vs 54%, p =
0.66). However, 12% of cardiologists report that patients
were evaluated by a cardiologist prior to or during can-
cer therapy, whereas 43% of cardiologists report that pa-
tients are seen post-treatment (p<0.01). Similarly,
cardiologists reported use of cardiac MRI increased
post-treatment (3% vs.17%, p < 0.01) (Table 1).

Ventricular dysfunction and cardiac therapies

The decision to start treatment for ventricular dysfunc-
tion was based on left ventricular shortening fraction in
25% of respondents (n=16), left ventricular ejection
fraction in 28% of respondents (n = 18), strain values in
3% (n=2), or abnormal values in any of the prior three
measurements in 34% of respondents (n=22). Six (9%)
respondents answered “other” or “unknown”. Provider
responses for types of therapies used included angioten-
sin converting enzyme (ACE) inhibitors, beta blockers,
mineralocorticoid receptor blockers, statins, and di-
uretics (Fig. 2).

Cardiovascular risk factor management

More than half (n = 37, 57%) indicated that a cardiologist
was not involved in pre-treatment decisions of whether
to use cardioprotective agents, such as dexrazoxane in
combination with anthracycline. Ventricular dysfunction

Treatment Survivorship
(N=64) (N=65)

: N N s 1\
Evaluation by a Cardiologist 8 (12%) 28 (43%) <001 Medications prescribed for ventricular dysfunction
Electrocardiogram 48 (75%) 43 (66%) 027 before, during, or after cancer therapy
Extended arrhythmia 2 3%) 7 (119%) 0.16 (Total Respondents: 65)
monitoring
Echocardiogram, standard® 37 (58%) 36 (55%) 0.77 % o0% 100%
Echocardiogram, advanced® 32 (50%) 35 (54%) 0.66 el —89%(58)
Cardiac magnetic resonance 2 (3%) 11 (17%) <001 B-BLOCKERS _71% (a6)
'maging ALDOSTERONE ANTGONIST N
Radionuclide imaging (e.g. 0 (0%) 2 (3%) 0.50
MUGA) starins | T 9% (6)

Serum biomarkers 5 (8%) n/a - DIURETICS B
Cardiopulmonary exercise n/a 5 (8%) - OTHER IZ%(”

testing

None 0 (0%) 0 (0%) 100 unvowns | 11% )

Other/Unknown/not 9 (14%) 8 (12%) 0.76 Fig. 2 Medications prescribed for patients experiencing ventricular
applicable dysfunction before, during, or after cancer therapy, as reported by

MUGA Multi-gated acquisition scan, n/a Answer was not an option for
this question

?Including shortening fraction and/or ejection fraction; ®including diastolic
parameters, strain imaging, and stress echocardiography

providers at pediatric centers (N =65). ACE = angiotensin converting
enzyme; MRB = mineralocorticoid receptor blocker. Unknown =
provider answered they did not know
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was the most common cardiovascular issue discussed
with cancer survivors by cardiologists (n =47, 72%) dur-
ing their visit. In terms of cardiovascular risk factors, re-
spondents also addressed blood pressure management
(n =31, 48%), diet and exercise (1 =30, 46%), other car-
diovascular risk factors (smoking, obesity, etc.; n =30,
46%), lipids (n =22, 34%), and coronary artery health
(n =12, 18%) with survivors; 9 (14%) reported addressing
none of these issues (Fig. 3), suggesting that the majority
did discuss at least one modifiable cardiac risk factor
with their patients. Additionally, 18 (28%) reported giv-
ing specific exercise prescription to survivors while 9
(14%) reported no discussion of exercise took place and
30 (46%) marked it as unknown. Importantly, of the
modifiable cardiac risk factors queried, no one single
cardiac risk factor was discussed by more than 50% of
the respondents (Fig. 3). Therefore, while LV dysfunc-
tion is widely discussed, there is room to improve the
emphasis on addressing all the traditional modifiable
cardiac risk factors when counseling survivors.

Other cardiovascular morbidities and advanced therapies
More than half of the survey respondents were at cen-
ters that offered heart transplantation (n =41, 63%) and
ventricular assist device (VAD; n =41, 63%). One-third
of respondents (21/63, 33%) did not know the minimum
time off-therapy or in remission before a patient could
be considered for heart transplant, while 8 (13%)
reported a minimum time of at least a year, 8 (13%) re-
ported at least 2 years and 6 (10%) reported greater than

Issues Addressed by Cardiologists after
Cancer Treatment
(Total Respondents: 65)

0% 50% 100%

D -7
S——
D sa(22)

——
N %50

W 8% 12)

W %00

W

Fig. 3 Cardiovascular risk factors discussed with patients after cancer
therapy (survivors), as reported by pediatric providers (N=65). CV =
cardiovascular. Unknown = respondent did not know the answer

VENTRICULAR FUNCTION

BLOOD PRESSURE

LIPIDS

OBESITY, SMOKING, ETC.

DIET, EXERCISE & WEIGHT LOSS

CORONARY ARTERY HEALTH

NONE

UNKNOWN

Page 4 of 7

5years after cancer treatment. Similarly, 44% of pro-
viders (27/61) did not know the minimum time off-
therapy or in remission before a patient could qualify for
a VAD, suggesting a lack of uniform standards in the
consideration of pediatric cancer survivors for advanced
heart failure therapies.

Discussion

In this study, we found variation in how pediatric pa-
tients treated with cardiotoxic chemotherapy were
followed, both during treatment and post-exposure.
Nearly 90% of survey respondents indicated cancer
patients were screened prior to and during therapy, pri-
marily with ECG and echocardiogram; only 12% re-
ported evaluation by a cardiologist prior to therapy.
According to the survey, only 20% of survivors were seen
in a survivor clinic with cardiology involvement while
50% were seen in a survivor clinic without cardiology in-
volvement. The data suggest an opportunity for cardiol-
ogists to partner with oncology teams at critical periods
in disease management. We believe that a low threshold
for early cardiology involvement in identifying and man-
aging high risk patients may be considered. Even in this
survey that is biased towards tertiary care centers with
advanced HF therapies (63% respondents), our data
suggests opportunity to improve survivorship care. Aside
from addressing ventricular dysfunction, data from this
study suggest an opportunity to increase efforts in
cardiovascular risk factor management when seeing
pediatric cancer survivors.

Developing standardized practice

We observed variability in the overall cardiac care delivery
to this population. Potential reasons for the variability can
range from provider knowledge, referral practices, tailored
care for a diverse population with differing anti-cancer ex-
posures, and/or the need for more standardized cardiology
protocols in this new field. A number of best practice and
consensus statements have been published regarding the
diagnosis, prevention, and management of cardiovascular
complications of cancer therapies in adults [3—-12]. With
the exception of adult survivors of childhood cancers, there
is a dearth of evidence-based literature that can guide
screening and management of cardiac disease in children
and adolescents actively undergoing therapy and in those
who survived cancer treatment but yet to have reached
adulthood. In 1992, Steinherz and colleagues published the
first imaging recommendations in children [13]. The COG
published its first long-term survivor follow-up guidelines
based on expert opinion in 2003, with serial updates every
several years, providing specific follow-up recommenda-
tions based on age at chemotherapy treatment, thoracic ra-
diation exposure, and cumulative anthracycline dose (www.
survivorshipguidelines.org). The 2013 American Heart
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Association (AHA) Scientific Statement provides a detailed
review of the literature on the subject, identifies areas of fu-
ture research, and provides some guidance regarding evalu-
ation and management of survivors of pediatric and
adolescent cancers [14]. All these publications highlight the
relative lack of and need for more evidence-based data to
assist recommendations for monitoring, prevention, and
treatment guidelines [14]. Additionally, the International
Late Effects of Childhood Cancer Guideline Harmonization
Group publication, a large meta-analysis of multiple inter-
national consensus based recommendations on the topic,
highlighted the need for long-term follow-up studies asses-
sing the efficacy of screening on outcome measures or cost
effectiveness [15].

In the case of pediatric and adolescent patients, guide-
lines have been produced to address management of
heart failure in general but are not specific to cardio-
oncology [16]. While the COG does have guidance for
following cancer survivors, there is a dearth of guidelines
for monitoring patients during active cancer therapy, or
after cardiac abnormalities develop. This gap in know-
ledge of how to manage a large proportion of pediatric
cancer patients needs to be addressed. For example,
while multiple clinical trials in adults have reported a
benefit with ACE inhibitors [17], there are very few
pediatric trials in cancer patients with mixed results. A
recent trial that randomized 84 pediatric patients with
leukemia to receive 6 months of ACE inhibitor did not
show a difference in left ventricular systolic dysfunction
between treatment and placebo groups; however, fewer
patients in the treatment group showed an increase in
pro-brain natriuretic peptide compared to the placebo
group [18]. Moreover, some authors have raised concern
that use of ACE inhibitors in pediatric patients could
possibly exacerbate a unique pathologic remodeling pat-
tern [19]. Fortunately, current multi-center studies are
recruiting participants to better understand the develop-
ment of cardiotoxicity during therapy and in survivors
[20], and the utility of prophylactic medical therapy to
prevent development of ventricular dysfunction [21].

The current survey showed a variety of tools being
used to assess ventricular function (Table 1). Adult-
based guidelines support the use of many of these
methods, but stress the importance of using the same
technique throughout care for a given patient [8]. While
patients are being primarily followed by oncologists for
their cancer care, the primary specialty responsible for
the long-term medical sequelae of cancer therapy and
maintenance of health remains to be defined [22]. In the
future, the timely early inclusion of cardiovascular spe-
cialists into the care of patients with cancer may im-
prove outcomes. Cardiologists can help optimize cardiac
risk factor management and more importantly, the pri-
mary prevention of cardiovascular events. Collaboration

Page 5 of 7

of cardiologists and oncologists in clinical practice and
also research will continue to make gains on the survival
of childhood cancer patients. Further areas of research
would include, but not be limited to: cardioprotective
therapy, appropriate cost-effective screening tools; role
of incorporation of advanced imaging techniques into
surveillance, use of biomarkers, anticipatory guidance
and preventive care; and appropriate therapeutic strat-
egies from medical therapy to advanced cardiac support.

Prevention and education

A 2015 survey of Cardiology program directors pre-
dominately at adult centers, carried out by the ACC
Cardio-oncology Section, found that >70% felt that the
implications of cancer treatment on cardiovascular health
were an important consideration in patient care, and
yet almost 40% of the participants did not feel confident
in dealing with such issues or gave themselves an average
rating when asked about their understanding of pertinent
issues [23]. A more recent 2019 ACC survey of cardiology
program directors showed that only 9% of programs had
Cardio-oncology-specific training opportunities, and all of
them require prior cardiology fellowship training [24].
Furthermore, there was “no formalized training for
pediatric cardio-oncology” in the United States [23]. To
improve the educational gaps in cardio-oncology for prac-
ticing physicians practice, “a number of live courses have
been developed” over the last several years, and “there
..[has been] a greater number of cardio-oncology—focused
sessions [included] at national meetings” [24]. However,
the most effective way to disseminate standardized educa-
tion and practice guidelines of cardio-oncology among
new physicians is to incorporate it as part of Cardiology
fellowship curriculum [25]. As being done in adult cardi-
ology programs, systematic integration of cardio-oncology
into fellowship training would likely improve the know-
ledge base, and practice among new pediatric cardiology
physicians.

While there is an understanding of the importance of
cardiovascular care for pediatric patients during and
after cancer therapy, there is a lack of operationalized
care and opportunities for improvement. In pediatric
centers, care for the cardio-oncology patient often has
resided in highly specialized heart failure clinics. How-
ever, studies consistently show that the cumulative bur-
den of chronic cardiovascular conditions is substantial in
childhood cancer survivors as they age, and there is a
need to develop a more comprehensive, holistic and ac-
cessible approach to patient care [26]. The involvement
of general cardiologists is vital to such an approach. Im-
portantly, recent studies report that traditional risk fac-
tors such as hypertension, diabetes, obesity and smoking
can further potentiate treatment-associated late effects
[27, 28], and is an important point for medical
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intervention. For example, long-term HL survivors
treated in childhood with radiation therapy had signifi-
cantly higher risk of obstructive CAD and valve disease
with higher blood pressures [26]. Involvement of general
cardiologists and primary care providers, therefore,
seems to be important in the cardiac care of this popula-
tion as they grow and age.

Limitations and future directions

This study is limited in being a voluntary sample of se-
lected individuals, i.e. those involved in the ACC Adult
Congenital and Pediatric Cardiology Section. Another
limitation is the lack of detailed demographics on re-
spondents. Therefore, indications for imaging could not
be assessed.

There is a need for more multi-institutional studies in
pediatric cancer survivors along with research examining
the specific mechanisms of late cardiovascular effects,
for which little research exists. Biological studies are also
important in formulating suitable interventions that may
have longer lasting effects. Intervention studies such as
methods of cardiovascular risk factor modification and
use of cardioprotective agents to mitigate the risk of late
effects are also vital.

Conclusions

The study survey data showed that pediatric cancer pa-
tients are being regularly screened by EKG or imaging
prior to/during therapy at most centers. Despite some
limitations, we did identify a potential area of interven-
tion by cardiologists in terms of cardiac risk factor modi-
fication for pediatric cancer survivors. Future studies are
also needed to explore the reasons for observed differ-
ences in practice, and to help guide future efforts by car-
diologists in the rapidly developing field of pediatric
cardio-oncology.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/540959-019-0051-8.

Additional file 1. Questions for Pediatric Cardio-Oncology Practice
Survey.

Abbreviations

ACC: American College of Cardiology; ACE: Angiotensin converting enzyme;
ACPC: Adult Congenital and Pediatric Cardiology; AHA: American Heart
Association; CAD: Coronary Artery Disease; COG: Children’s Oncology Group;
CV: Cardiovascular; ECG: Electrocardiogram; HF: Heart failure; HL: Hodgkin
lymphoma; LV: Left Ventricle; MR: Magnetic resonance;

MRB: Mineralocorticoid receptor blocker; MUGA: Multi-gated acquisition scan;
VAD: Ventricular assist device

Acknowledgements

The authors from all the institutions are grateful to the leadership of the
Cardio-oncology and Adult Congenital and Pediatric Cardiology Sections of
the ACC for support in generating this manuscript, as well as the membership
of these sections. We appreciate the contributions of Raheel Rizwan, MD from

Page 6 of 7

Boston Children’s Hospital for his assistance in the edits to this manuscript.
Special thanks are extended to the following individuals for administrative

support: Kimberly Kooi, Olivia Kranz, Alicia McClarin, Stephanie Mitchell, and
Sarah Sears.

Authors’ contributions

MHC (senior author) has substantial contribution in the manuscript in design,
methodology, investigation, supervision, data curation, analysis, resources,
writing the initial manuscript and editing/reviewing the initially written
manuscript and the revised and finalized version of the manuscript. TR (first
author) has substantial contribution in the manuscript in design,
methodology, investigation, supervision, analysis, writing the initial
manuscript and editing/reviewing the initially written manuscript. WLB has
substantial contribution in the manuscript in design, methodology and
editing/reviewing the initially written manuscript. CB-S has substantial contri-
bution in the manuscript in investigation, writing the initial manuscript and
editing/reviewing the initially written manuscript. AB has substantial contri-
bution in the manuscript in design, methodology, investigation, resources,
writing the initial manuscript and editing/reviewing the initially written
manuscript. MJB has substantial contribution in the manuscript in design,
methodology, investigation, writing the initial manuscript and editing/
reviewing the initially written manuscript. MMC has substantial contribution
in the manuscript in editing/reviewing the initially written manuscript. NFC
has substantial contribution in the manuscript in writing the initial manu-
script and editing/reviewing the initially written manuscript. DC has substan-
tial contribution in the manuscript in design, methodology, supervision,
writing the initial manuscript and editing/reviewing the initially written
manuscript. KEG has substantial contribution in the manuscript in design and
editing/reviewing the initially written manuscript. JSG has substantial contri-
bution in the manuscript in design and editing/reviewing the initially written
manuscript. LK has substantial contribution in the manuscript in design, writ-
ing the initial manuscript and editing/reviewing the initially written manu-
script. SM has substantial contribution in the manuscript in design,
methodology, investigation, writing the initial manuscript and editing/
reviewing the initially written manuscript. VP has substantial contribution in
the manuscript in design, methodology and editing/reviewing the initially
written manuscript. RIS has substantial contribution in the manuscript in de-
sign, supervision and editing/reviewing the initially written manuscript. RLS
has substantial contribution in the manuscript in design, supervision and
editing/reviewing the initially written manuscript. JAT has substantial contri-
bution in the manuscript in investigation and editing/reviewing the initially
written manuscript. All authors read and approved the final manuscript

Funding
No source(s) of funding.

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or
analyzed during the current study.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Heart Institute, Cincinnati Children’s Hospital, University of Cincinnati
College of Medicine, 3333 Burnet Ave, MLC 2003, Cincinnati, OH 45229, USA.
“Children’s Sibley Heart Center, Children’s Healthcare of Atlanta, Atlanta, GA,
USA. 3Department of Pediatrics, University of Maryland School of Medicine,
Baltimore, MD, USA. “MedStar Heart and Vascular Institute, Georgetown
University, Washington, DC, USA. °Loma Linda University Children’s Hospital,
Loma Linda, CA, USA. ®Ahmanson/UCLA ACHD Center, UCLA Health, Los
Angeles, CA, USA. The Children’s Hospital at Montefiore, Albert Einstein
College of Medicine, Bronx, NY, USA. ®Cardiology Care for Children,
Lancaster, PA, USA. °Ann and Robert H Lurie Children’s Hospital of Chicago,
Chicago, IL, USA. "°Morgan Stanley Children’s Hospital of New York,


https://doi.org/10.1186/s40959-019-0051-8
https://doi.org/10.1186/s40959-019-0051-8

Ryan et al. Cardio-Oncology (2019) 5:16

Columbia University Vagelos College of Physicians and Surgeons, New York,
NY, USA. ""UC Health Heart & Vascular Center — Anschutz, University of
Colorado School of Medicine, Aurora, CO, USA. "*The Hospital for Sick
Children, University of Toronto, Toronto, Canada. ‘3Departmem of Health
and Human Services, Food and Drug Administration Center for Devices and
Radiological Health, Children’s National Health System and the George
Washington University School of Medicine and Health Sciences, Washington,
DC, USA. '*Cohen Children’s Medical Center of New York — Northwell Health,
New Hyde Park and Huntington, NY, USA. '*Children’s Hospital and Medical
Center, University of Nebraska Medical Center, Omaha, NE, USA. %Le
Bonheur Children's Hospital, The University of Tennessee Health Science
Center, St. Jude Children’s Research Hospital, Memphis, TN, USA.
"Departments of Cardiology and Pediatrics, Boston Children’s Hospital,
Dana-Farber Cancer Institute/Harvard Cancer Center, and Harvard Medical
School, 300 Longwood Ave, Boston, MA 02115, USA.

Received: 4 June 2019 Accepted: 3 October 2019
Published online: 23 October 2019

References

1. US Childhood Cancer Statistics. American Childhood Cancer Organization
(ACCO). Webpage: https://www.acco.org/us-childhood-cancer-statistics/.
Accessed 19 Dec 2018.

2. Ward E, DeSantis C, Robbins A, Kohler B, Jemal A. Childhood and adolescent
cancer statistics, 2014. CA Cancer J Clin. 2014;64:83-103.

3. Bloom MW, Hamo CE, Cardinale D, Ky B, Nohria A, Baer L, et al. Cancer
therapy-related cardiac dysfunction and heart failure: part 1: definitions,
pathophysiology, risk factors, and imaging. Circ Heart Fail. 2016,9:2002661.

4. Hamo CE, Bloom MW, Cardinale D, Ky B, Nohria A, Baer L, et al. Cancer
therapy-related cardiac dysfunction and heart failure: part 2: prevention,
treatment, guidelines, and future directions. Circ Heart Fail. 2016;9:2002843.

5. Plana JC, Galderisi M, Barac A, Ewer MS, Ky B, Scherrer-Crosbie M, et al.
Expert consensus for multimodality imaging evaluation of adult patients
during and after cancer therapy: a report from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging.
J Am Soc Echocardiogr. 2014;27:911-39.

6. Chang HM, Okwuosa TM, Scarabelli T, Moudgil R, Yeh ETH. Cardiovascular
complications of cancer therapy: best practices in diagnosis, prevention,
and management: part 2. J Am Coll Cardiol. 2017;70:2552-65.

7. Chang HM, Moudgil R, Scarabelli T, Okwuosa TM, Yeh ETH. Cardiovascular
complications of Cancer therapy: best practices in diagnosis, prevention,
and management: part 1. J Am Coll Cardiol. 2017;70:2536-51.

8. Zamorano JL, Lancellotti P, Rodriguez Munoz D, Aboyans V, Asteggiano R,
Galderisi M, et al. 2016 ESC position paper on cancer treatments and
cardiovascular toxicity developed under the auspices of the ESC Committee
for practice guidelines: the task force for cancer treatments and
cardiovascular toxicity of the European Society of Cardiology (ESC). Eur J
Heart Fail. 2017;19:9-42.

9. Armenian SH, Lacchetti C, Barac A, Carver J, Constine LS, Denduluri N, et al.
Prevention and monitoring of cardiac dysfunction in survivors of adult
cancers: American Society of Clinical Oncology clinical practice guideline. J
Clin Oncol. 2017;35:893-911.

10. Virani SA, Dent S, Brezden-Masley C, Clarke B, Davis MK, Jassal DS, et al.
Canadian cardiovascular society guidelines for evaluation and
management of cardiovascular complications of cancer therapy. Can J
Cardiol. 2016;32:831-41.

11, Curigliano G, Cardinale D, Suter T, Plataniotis G, de Azambuja E, Sandri MT,
et al. Cardiovascular toxicity induced by chemotherapy, targeted agents and
radiotherapy: ESMO clinical practice guidelines. Ann Oncol. 2012;23(Suppl 7):
Vii155-66.

12. Chen MH, Colan SD, Diller L. Cardiovascular disease: cause of morbidity and
mortality in adult survivors of childhood cancers. Circ Res. 2011;108:619-28.

13.  Steinherz LJ, Graham T, Hurwitz R, Sondheimer HM, Schwartz RG, Shaffer
EM, et al. Guidelines for cardiac monitoring of children during and after
anthracycline therapy: report of the Cardiology Committee of the Childrens
Cancer Study Group. Pediatrics. 1992;89:942-9.

14.  Lipshultz SE, Adams MJ, Colan SD, Constine LS, Herman EH, Hsu DT, et al.
Long-term cardiovascular toxicity in children, adolescents, and young adults
who receive cancer therapy: pathophysiology, course, monitoring,
management, prevention, and research directions: a scientific statement
from the American Heart Association. Circulation. 2013;128:1927-95.

Page 7 of 7

15. 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;16:2123-36.

16.  Kirk R, Dipchand Al, Rosenthal DN, Addonizio L, Burch M, Chrisant M, et al.
The international society for heart and lung transplantation guidelines for
the management of pediatric heart failure: executive summary. [Corrected].
J Heart Lung Transplant. 2014;33:888-909.

17. Wittayanukorn S, Qian J, Westrick SC, Billor N, Johnson B, Hansen RA.
Prevention of trastuzumab and anthracycline-induced cardiotoxicity using
angiotensin-converting enzyme inhibitors or beta-blockers in older adults
with breast cancer. Am J Clin Oncol. 2018:41:909-18.

18. Gupta V, Kumar Singh S, Agrawal V, Bali ST. Role of ACE inhibitors in
anthracycline-induced cardiotoxicity: a randomized, double-blind, placebo-
controlled trial. Pediatr Blood Cancer. 2018;65(11):¢27308.

19.  Lipshultz SE, Cochran TR, Franco VI, Miller TL. Treatment-related
cardiotoxicity in survivors of childhood cancer. Nat Rev Clin Oncol. 2013;10:
697-710.

20. Skitch A, Mital S, Mertens L, Liu P, Kantor P, Grosse-Wortmann L, et al. Novel
approaches to the prediction, diagnosis and treatment of cardiac late
effects in survivors of childhood cancer: a multi-centre observational study.
BMC Cancer. 2017;17:519.

21, Armenian SH, Hudson MM, Chen MH, Colan SD, Lindenfeld L, Mills G, et al.
Rationale and design of the Children’s Oncology Group (COG) study
ALTE1621: a randomized, placebo-controlled trial to determine if low-dose
carvedilol can prevent anthracycline-related left ventricular remodeling in
childhood cancer survivors at high risk for developing heart failure. BMC
Cardiovasc Disord. 2016;16:187.

22. Okwuosa TM, Prabhu N, Patel H, Kuzel T, Venugopal P, Williams KA, et al.
The cardiologist and the cancer patient: challenges to cardio-oncology (or
onco-cardiology) and call to action. J Am Coll Cardiol. 2018;72:228-32.

23. Barac A, Murtagh G, Carver JR, Chen MH, Freeman AM, Herrmann J, et al.
Cardiovascular health of patients with cancer and cancer survivors: a
roadmap to the next level. J Am Coll Cardiol. 2015,65:2739-46.

24. Hayek SS, Ganatra S, Lenneman C, et al. Preparing the cardiovascular
workforce to care for oncology patients: JACC review topic of the week. J
Am Coll Cardiol. 2019;73(17):2226-35.

25. Ganatra S, Hayek SS. Cardio-oncology for GenNext: a missing piece of the
training puzzle. J Am Coll Cardiol. 2018;71(25):2977-81.

26. Bhakta N, Liu Q, Yeo F, Baassiri M, Ehrhardt MJ, Srivastava DK, et al.
Cumulative burden of cardiovascular morbidity in paediatric, adolescent,
and young adult survivors of Hodgkin's lymphoma: an analysis from the St
Jude lifetime cohort study. Lancet Oncol. 2016;17:1325-34.

27.  Armstrong GT, Oeffinger KC, Chen Y, Kawashima T, Yasui Y, Leisenring W,
et al. Modifiable risk factors and major cardiac events among adult survivors
of childhood cancer. J Clin Oncol. 2013;31:3673-80.

28. Chen MH, Blackington LH, Zhou J, et al. Blood pressure is associated with
occult cardiovascular disease in prospectively studied Hodgkin lymphoma
survivors after chest radiation. Leuk Lymphoma. 2014;55(11):2477-83.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.acco.org/us-childhood-cancer-statistics/

	Abstract
	Objective
	Study design
	Results
	Conclusions

	Introduction
	Method
	Results
	Which patients are seen, and by whom?
	Cardiac surveillance methods, pre-treatment and post-treatment
	Ventricular dysfunction and cardiac therapies
	Cardiovascular risk factor management
	Other cardiovascular morbidities and advanced therapies

	Discussion
	Developing standardized practice
	Prevention and education
	Limitations and future directions

	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

