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Abstract

Introduction: Childhood and adolescent cancer survivors treated with anthracyclines and chest-
directed radiation therapy have a much higher risk of developing cardiovascular complications into
adulthood. Exercise is one intervention that may mitigate some of these adverse treatment-related
effects. Nevertheless, efforts to consolidate this evidence are limited, and a review is required to
summarize the impact of current exercise interventions on managing cardiac-related side effects of
cancer treatments in pediatric cancer survivors. Objective: This scoping review protocol describes
the methods used to explore the current literature characterizing exercise interventions and their
reported cardiac-related outcomes for managing cardiotoxicity in childhood and adolescent cancer
survivors. Methods: Joanna Briggs Institute guidelines for conducting and reporting scoping reviews
will be followed. Studies considered for this review must include an exercise intervention with
cardiac surveillance conducted at two or more time points. Intervention participants must have
received a cancer diagnosis <19 years of age and received anthracyclines or chest-directed radiation
therapy. Conclusion/Discussion: This scoping review protocol provides extensive details regarding
the methods used, will enhance the transparency of reporting, and will improve the quality of the
final scoping review manuscript. QOutputs from the completed scoping review manuscript will
summarize the breadth of literature reporting on exercise interventions used to manage treatment-
related cardiotoxicity in childhood and adolescent cancer survivors.
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Introduction risk of developing secondary malignant

A significant long-term health issue for
childhood and adolescent cancer survivors
(CACS) is a heightened cardiovascular disease
risk due to cancer therapy (Bansal et al., 2014;
Hausner et al, 2008). CACS who receive
cardiotoxic cancer therapies, such as
anthracyclines and chest-directed radiation
therapy, experience a greater risk of heart
dysfunction and cardiovascular disease (CVD)
later in life (Armenian et al., 2018; Chow et al,,
2019; Hausner et al., 2008; Lipshultz et al., 2013;
McGowan et al, 2017). Specifically, the long-
term impact of cardiotoxic treatments on the
heart includes decreased left ventricular (LV)
mass, wall thickness, contractility, and fractional
shortening (Scott et al,, 2011). When CACS are
compared with their healthy siblings, above-
normal LV afterload has been reported in the
CACS (Lipshultz et al, 2012). Together, these
effects place CACS at twice the risk for
developing CVD than their siblings (Chao et al,,
2016). Additionally, CACS with CVD have an 11-
fold increase in overall mortality risk, making
CVD the leading cause of non-malignant death in
this population (Armenian et al.,, 2018; Chao et
al,, 2016). Effective non-cardiotoxic treatments
and interventions are needed to decrease the
impact of cardiotoxic agents on heart health
among CACS.

Few strategies are available to mitigate
cardiotoxicity in  CACS. For example,
administering less cardiotoxic treatments (e.g.,
synthetic analogues of natural compounds vs.
organic versions such as doxorubicin) is an
option, but these treatments are not always used
in CACS (Sun et al, 2014; Xu et al, 2015). As
another example, dexrazoxane administered
concurrently with anthracycline treatments has
cardioprotective effects in CACS (Asselin et al,,
2016; Kopp et al., 2019; Reichardt et al,, 2018).
However, this pharmaceutical approach is
associated with additional adverse effects, such
as decreased fertility and possibly an increased

neoplasms (Eneh & Lekkala, 2022).

In light of the tremendous CVD burden
among CACS and limited pharmaceutical
strategies to reduce risk, current guidelines
suggest screening for CVD (Armenian et al,
2015; Lipshultz et al., 2012; Mulrooney et al,,
2009; Tukenova et al., 2010). CVD risk screening
commonly includes cardiac imaging, such as
two-dimensional echocardiography, and may
include cardiopulmonary exercise testing or
serum cardiac biomarker analysis (Armenian et
al,, 2015; Wolf et al., 2020). Unfortunately, many
CACS are not closely monitored after being
transferred to adult care, despite these
recommendations. Complementary
interventions may be one way to improve
cardiotoxicity management in CACS.

Using exercise therapy as a means of
managing cardiotoxicity is emerging as a
promising strategy that is supported by
preclinical research. Indeed, studies using
animal models treated with cardiotoxic agents
suggest that exercise reduces cardiotoxicity by
minimizing cardiovascular risk factors through
improving cardiovascular fitness, preserving
cardiac structure and function, minimizing
inflammation and preventing oxidative stress of
heart tissue (Avila et al,, 2019; Chao et al., 2016;
Chicco et al,, 2005; Greene & Hennessy, 2015;
Guo & Wong, 2014; Hayward et al, 2012;
Hofmann & Franz, 2013; Hydock et al., 2008;
Jones et al, 2013). Notably, both light and
voluntary exercise have been demonstrated to
mitigate cardiotoxicity pre-, during, and post-
treatment in animal models (Hydock et al,
2012). This preclinical research justifies
subsequent clinical research studies.

While limited, early clinical research in
CACS indicates that exercise may be essential in
preventing and managing cardiotoxicity. Jones
et al. (2014) found that high activity levels are
associated with fewer adverse cardiovascular
outcomes in a dose-response. Specifically, 29
metabolic equivalents of task hours per week of
physical activity was associated with a 7%
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absolute risk reduction in poor cardiovascular
outcomes in adult survivors of -childhood
Hodgkin lymphoma (Jones et al., 2014). More
recently, Morales et al. (2020) demonstrated
that CACS maintained a healthy LV ejection
fraction during a supervised in-hospital exercise
intervention, while the standard care group did
not show the same effects. These findings are
consistent with the available data suggesting the
cardioprotective impact of exercise in the
general population and the growing evidence
base among adult cancer survivors showing a
decreased risk of adverse cardiac effects among
those who partake in exercise interventions
(Keats etal., 2016; Kirkham et al., 2017; Manson
et al, 2002; Tian & Meng, 2019). Notably, no
corollary evidence exists that exercise in CACS is
unsafe or increases cardiovascular risk (Wurz,
McLaughlin, Lategan, Chamorro Viiia, et al,
2021; Wurz, McLaughlin, Lategan, Ellis, & Culos-
Reed, 2021).

Exercise interventions for CACS can be
characterized by the FITT (frequency, intensity,
time, and type) principle. The FITT principle can
be used to prescribe the exercise dose (Billinger
et al, 2015). The frequency is the number of
sessions per week, the intensity is how hard the
individual should exercise, time is the number of
minutes per session, and type is the exercise
modality (e.g., walking, resistance training).

Based on a preliminary search of
MEDLINE, the Cochrane Database of Systematic
Reviews, and JBI Evidence Synthesis (Peters etal,,
2020), no systematic or scoping reviews have
been published, and no reviews are currently
underway exploring exercise interventions to
manage cardiotoxicity among CACS. A scoping
review on the topic could provide important
information about the breadth of evidence
available, offer guidance for future exercise
interventions designed to prevent cardiotoxicity
in CACS, and identify where more research is
necessary. While several reviews are available,
none have explored the impact of exercise
interventions on heart health in CACS (Huang &
Ness, 2011; Upshaw, 2020; Varghese etal., 2021;

Wogksch et al, 2021; Wurg,
Lategan, Ellis, & Culos-Reed, 2021).

This scoping review aims to fill a
significant gap in knowledge by summarizing
the breadth of exercise-based interventions
targeting cardiac health in CACS and charting
the outcomes of the interventions on cardiac
health. This protocol paper, in turn, seeks to
detail the scoping review methodologies to
improve the transparency and quality of the
final review manuscript.

McLaughlin,

Research Question

1. What is the breadth of
interventions  available to
cardiotoxicity in CACS?

a. How are the exercise interventions
described regarding the FITT
(Frequency, Intensity, Time, and
Type) principle?

2. How does the current literature describe the
outcomes of exercise interventions on
cardiac health among CACS?

exercise
manage

Inclusion and Exclusion Criteria

Participants

This review includes studies involving
CACS diagnosed at 19 years of age or younger, as
defined by the Canadian Cancer Society, who
have received treatments warranting cardiac

surveillance (Canadian Cancer Statistics
Advisory Committee et al, 2021). These
treatments include anthracycline

administration, chest-directed radiation, or a
combination of anthracycline treatment and
chest-directed radiation (Armenian et al., 2015).
CACS may be currently receiving treatment or
have received treatment in the past.

Concept

The core concept of this scoping review
is to summarize the content, nature, and
outcomes of any exercise interventions that
target individuals who survived childhood or
adolescent cancer, intending to decrease
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treatment-induced CVD during childhood and
into adulthood. Exercise interventions of all
durations will be included in the review and
must include at least a baseline (pre-) and post-
intervention measurement of cardiac health.
Exercise interventions with measurements
conducted at more than two-time points will
also be included.

Context
This review will consider exercise
interventions performed in any setting,

including, but not limited to, a participant’s
home (i.e., self-directed or online), community
facilities, and hospitals. Additionally, studies
must include a measure of cardiac surveillance
at two different time points. Cardiac surveillance
may include but is not limited to two-
dimensional echocardiography, multigated
acquisition, or cardiac magnetic resonance
(Awadalla et al.,, 2018).

Exclusion Criteria
Studies without an exercise intervention
(e.g., physical activity recall studies, reviews).

Types of Sources

This scoping review will consider
experimental and quasi-experimental study
designs, including randomized controlled trials,
non-randomized controlled trials, pre-post
studies, and interrupted time-series studies.
Researchers will review the reference lists of
relevant systematic and scoping reviews to look
for primary studies. Finally, researchers will
consider conference papers with sufficient data
to extract. If data is insufficient, researchers will
attempt to contact the conference paper
authors.

Methods

The proposed scoping review will be
conducted following the Joanna Briggs Institute
(JBI) methodology for scoping reviews (Peters
et al.,, 2020). There are no patient participants

and no public involvement in this research’s
design, conduct, reporting, or dissemination
plans. The search for this review was conducted
on October 12, 2021.

Search Strategy

Researchers followed ]BI's three-step
search strategy, including a trial of the search
strategy in MEDLINE and Cumulative Index to
Nursing and Allied Health Literature (CINAHL),
identifying keywords and examining included
studies’ reference lists (Peters et al, 2020). A
health librarian reviewed the keywords
(Appendix A) alongside the researchers using
the Peer Review of Electronic Search Strategies
(PRESS) guidelines (McGowan et al, 2016).
Next, the keywords were used to search for
other published and unpublished studies.

Information Sources

Researchers searched the following
databases: MEDLINE, CINAHL, Embase, Scopus,
SPORTDiscus, and PsycInfo, using the finalized
search strategy. Additionally, the researchers
searched sources of unpublished studies and
grey literature, including ProQuest
Dissertations and Theses Global and the first 10
pages of Google Scholar. Finally, researchers
searched for grey literature (Appendix B) using
the Canadian Agency for Drugs and
Technologies in Health grey literature checklist
Grey Matters: A Practical Tool for Searching
Health-Related Grey Literature (Canadian
Agency for Drugs and Technologies in Health,
2019). Relevant organizational, governmental,
and health care association websites were
reviewed, includingthe Children’s Oncology
Group, PanCare, Canadian Cancer Society,
American Cancer Society, National Cancer
Institute, Cancer Research UK, and National
Health Institute. Researchers also screened the
reference lists of all included sources of
evidence for additional studies. Only studies
published in English were included, as this is the
language of the study team. The reviewers
contacted the corresponding authors when
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there was insufficient information in the articles.

Study/Source of Evidence Selection
Following the search, researchers will
collate all identified citations and upload the
citations into Covidence
(https://www.covidence.org/), removing the
duplicates. Covidence is a systematic review
software commonly used to conduct and
organize reviews. Two independent reviewers
will screen titles and abstracts for assessment
against the inclusion criteria. Reviewers will
retrieve potentially relevant sources and import
their citation details into Covidence. Next, two
independent reviewers will assess the full text of
selected citations in detail against the inclusion
criteria. Reviewers will record and report the
reasons for excluding sources of evidence
during the full-text screening that do not meet
the inclusion criteria. If any conflicts arise,
reviewers will meet and discuss whether the
citation meets the inclusion criteria. The full
report will use the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR)
flow diagram (Tricco et al, 2018) and the
PRISMA 2020 guidelines (Page et al., 2021).

Data Extraction

Two independent reviewers will extract
data from papers included in the scoping review
using a data extraction tool developed by the
reviewers (Appendix C). These data will include
specific details about the author(s), year of
publication, study aim/purpose, study
population, concept, context, study methods,
outcomes, and key findings relevant to the
review questions. Before data extraction begins,
a minimum of two independent reviewers will
pilot the data extraction tool for five articles and
discuss any additional information that needs to
be extracted.

The draft data extraction tool will be
modified and revised as necessary while
extracting data from each included evidence
source. The scoping review will detail any

modifications made to the tools after pilot
testing. Reviewers will meet to resolve any
conflicts.

Data Analysis and Preparation

Researchers will follow the PRISMA-ScR
reporting guideline for this scoping review
(Tricco et al, 2018). The researchers will
present the data in a tabular form that aligns
with the study’s objective. A narrative summary
will accompany these presentations and
describe how the findings relate to the review’s
objectives. Researchers will classify results
under specific conceptual categories: study
characteristics (including country of origin,
study population, study setting, and design);
outcomes measures; available interventions
(FITT); reported key findings; and implications.

Conclusion

Researchers will conduct the review
described in this protocol paper to map the
current literature regarding exercise
interventions for CACS. This review protocol is
essential to enhance the transparency of the
scoping review and improve reporting. The
resultant full scoping review will identify the
breadth of exercise interventions, including the
FITT, and the impact of the intervention on the
heart health of CACS to guide future research
efforts and make recommendations. The search
strategy followed the ]BI guidelines, and the
resultant full scoping review will use the
PRISMA-ScR  reporting  guidelines.  The
researchers hope that the results of this review
will advance the study as a strategy to mitigate
cardiac damage among CACS.
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Appendix A

Search Strategy

(Cancer* OR Neoplas* OR Leukemia* OR Leukaemia* OR Tumor* OR
Tumour* OR Lymphoma* OR Chemotherap* OR Malignanc* OR
Anthracycline* OR "Antineoplastic Agent*" OR Immunotherap* OR
"Monoclonal Antibod*" OR "Tyrosine Kinase Inhibitor*" OR Radiation OR
Radiology)

Child* OR Adolescent* OR Teen* OR "Young Adult*" OR "Early Child*" OR
Pediatric* OR Paediatric* OR Infant* OR Toddler* OR Bab* OR Juvenile* OR
"Pre Pubescent*"

3 cancer and child

1AND 2

4

Exercise* OR "Resistance Training*" OR Aerobic* OR "Motor Activity" OR
"Exercise Therap*" OR "Physical Activit*" OR Training OR "Physical
Fitness" OR Exertion OR Yoga OR Pilates OR "Dance Therap*" OR "Tai Ji"

and exercise

OR Qigong
5 Exp Exercise/
6 exercise 4 0R5
7 cancer and child 3AND 6

Cancer and child
and exercise and
heart

8 Myocarditis* OR "Heart Failure" OR Cardiotoxic* OR Cardiomyopath* OR
Heart* OR "Radiation Injury*"
9 7 AND 8

Google

Appendix B

Grey Literature Check

Cancer AND Child AND Exercise AND Cardio*
Cancer AND Pediatric AND Exercise AND Cardio*
Cancer AND Child AND “Physical Activity” AND Cardio*

ProQuest

cancer AND child AND exercise AND cardiotoxicity
cancer AND pediatric AND exercise AND cardiotoxicity
cancer AND child AND “Physical Activity” AND cardiotoxicity

Websites

Canadian Cancer Society, American Cancer Society, Cancer Research UK, National Health Institute,
American College of Sports Medicine, Canadian Society for Exercise Physiologists, and Canadian

Cardiology Society
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Appendix C
Data Extraction Template

Study ID

Title

Author

Year

Country

Aim

Inclusion criteria

Exclusion criteria

Method of recruitment

Cancer type

Cancer treatment

Time since diagnosis

Number of participants

Age

FITT of exercise intervention
Duration of exercise intervention
Setting of exercise intervention
Instructor of exercise intervention
Outcome measures

Key results

Implications

Limitations
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