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ABSTRACT

he spectrum of adverse effects that cancer

treatments have on the cardiovascular sys-

tem is vast. These sequelae are collectively
referred to as cardiovascular toxicities and can be
classified according to broad clinical categories,
including cardiac dysfunction and heart failure,
myocarditis, arrhythmias and QT interval prolonga-
tion, hypertension, and vascular toxicity (Central
Illustration).” However, in this review we focus on
cardiotoxicities given that

cardiac vs vascular

Cancer treatment-induced cardiotoxicities are an ongoing concern throughout the cancer care continuum from
treatment initiation to survivorship. Several “standard-of-care" primary, secondary, and tertiary prevention strategies
are available to prevent the development or further progression of cancer treatment-induced cardiotoxicities and their
risk factors. Despite exercise's established benefits on the cardiovascular system, it has not been widely adopted as a
nonpharmacologic cardioprotective strategy within cardio-oncology care. In this state-of-the-art review, the authors
discuss cancer treatment-induced cardiotoxicities, review the existing evidence supporting the role of exercise in
preventing and managing these sequelae in at-risk and affected individuals living after cancer diagnoses, and propose
considerations for implementing exercise-based services in cardio-oncology practice. (J Am Coll Cardiol CardioOnc
2023;5:553-569) © 2023 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

cardiomyopathies are the most prevalent and best
studied to date.” Cardiotoxicities may present at
any point along the cancer care continuum,
including acutely (eg, within 2 weeks of treatment),
early (eg, between 2 weeks and 1 year of treatment),
and late (eg, >1-year post-treatment). Although
there are several strategies to lower the risk for car-
diotoxicity development, such as reduced cardio-
toxic cancer treatment dose and pharmacologic
interventions, these strategies often come with
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ABBREVIATIONS

AND ACRONYMS

1RM = 1-repetition maximum

6MWT = 6-minute walk test

CORE = Cardio-Oncology
Rehabilitation

CPET = cardiopulmonary
exercise testing

CVD = cardiovascular disease

GLS = global longitudinal
strain

HIIT = high-intensity interval

training

LVEF = left ventricular ejection

fraction

RCT = randomized controlled

trial

Vo2peax = maximal oxygen
consumption

side effects and risks." Given the myriad
points at which reduced cardiac health oc-
curs across the cancer care continuum, an
understanding of effective nonpharmaco-
logic strategies for reducing cardiotoxicity
risk is needed. Such strategies include pre-
venting: 1) the onset and progression of car-
diovascular disease (CVD) risk factors or
subclinical CVD in otherwise healthy popula-
tions (ie, primary prevention); 2) the wors-
ening of CVD risk factors or development of
overt CVD in populations with increased
CVD risk (ie, secondary prevention); and 3)
the progression of established CVD and future
CVD events (ie, tertiary prevention).>®
Importantly, primary, secondary, and tertiary
strategies may be implemented at any point
along the cancer survivorship continuum (ie,
before, during, or after treatment) according

to patient risk.

Exercise training is a well-established non-
pharmacologic strategy that has cardiac health bene-
fits at the primary, secondary, and tertiary levels of
prevention within noncancer cardiology settings®™;
the American Heart Association presented its first
exercise guidelines for cardiac exercise rehabilitation
in 1975.° In contrast, the implementation of exercise
into cardio-oncology care is not as well established,’
with low to moderate research quality and moderate
to high risk for bias reported with this paradigm.®
However, there is a strong rationale to include exer-
cise given its multisystem benefits.” Exercise has
been deemed safe, tolerable, and effective for allevi-
ating fatigue and improving cardiorespiratory fitness,
body composition, physical function, strength, and
quality of life among patients with cancer’; however,
the evidence indicating if, how, and when exercise
may specifically benefit the cardiac health of patients
with cancer who receive cardiotoxic treatment is still
in its infancy. Thus, only cancer survivors with
confirmed diagnoses of CVDs are considered eligible
for referral to exercise-based cardiology rehabilita-
tion (ie, only tertiary prevention strategies) within
the current cardio-oncology care model.

In this state-of-the-art review, we: 1) provide a
brief overview of the prevalence of cancer treatment-
induced cardiotoxicity; 2) discuss fundamental con-
cepts of exercise testing and prescription; 3) review
the existing evidence supporting the role of
exercise in preventing and managing
treatment-induced cardiotoxicities; and 4) discuss

cancer
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HIGHLIGHTS

e Exercise training is an underused pre-
vention strategy for cardiotoxicities.

e Exercise improves functional capacity,
cardiac function, and cardiac biomarkers.

e Implementation of exercise services into
cardio-oncology has several challenges.

considerations for implementing exercise-based ser-
vices in cardio-oncology practice.

STATEMENT OF THE PROBLEM: CANCER
TREATMENT-INDUCED CARDIOTOXICITIES

The prevalence of cancer treatment-induced car-
diotoxicities varies widely depending on the defini-
tions used (eg, Common Terminology Criteria for
Adverse Events vs International Classification of
Diseases medical billing codes), study setting and
design (eg, clinical trial vs community cohort study),
population and cancer type studied (eg, pediatric vs
adult), cancer treatment used, and duration of follow-
up, among other factors.'® Unfortunately, long lag
times between inciting treatment exposures and the
occurrence of symptomatic events, complex in-
teractions and effects of multimodal and multiagent
treatment regimens, and the variable impact of pre-
existing or emerging CVD risk factors may all hinder
precise risk modeling and subsequent patient care
planning.

The severity and incidence of cancer treatment-
induced cardiotoxicities vary widely and depend on
the cancer, patient characteristics, dose and duration
of therapy, and type and combination of therapies.
For example, among 865 patients receiving various
cardiotoxic treatments for primarily breast and he-
matological malignancies, myocardial dysfunction or
cardiotoxicity presence was reported to be mild in
92% and 32% of patients, moderate in 4% and 3%, and
severe in 3% and 3%, respectively."" Furthermore,
individuals reporting severe cardiotoxicities were
15.8 times more likely to die compared with in-
dividuals without. Conversely, among the 10,724
participants of the CCSS (Childhood Cancer Survivor
Study), the cumulative incidence rates of coronary
artery disease and heart failure by 45 years of age
were reported to be 5.3% and 4.8%, respectively.'?
our current of

Nonetheless, understanding
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Risk for cardiotoxicity development is increased by receipt of cardiotoxic treatments (eg, anthracyclines) and the presence of other char-
acteristics, such as older age and comorbidities. Exercise may be used as a strategy to prevent and/or manage in the primary, tertiary, or
secondary setting, with cardio-oncology facilities being the ideal place to implement such strategies. CVD = cardiovascular disease.

cardiotoxicity has come largely from studies in pa-
tients who received anthracycline and/or trastuzu-
mab for hematological and breast malignancies, with
the use of cardiac imaging driven by these specific
oncology therapies, not cardiovascular risk profile."
Data from population cohorts point to higher CVD
burden among survivors of other cancers, such as
lung and colorectal cancers, compared with general

population,'* suggesting the need to broaden car-
diovascular stratification and assessment strategies
beyond patients receiving known cardiotoxic agents
such as anthracyclines.

HIGHLIGHTS

e Cancer treatment-induced cardiotoxicity preva-
lence varies by cancer type and treatment.
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e Current understanding of cardiotoxicities comes
from patients with hematological or breast malig-
nancies receiving anthracycline and trastuzumab
chemotherapies.

TESTING AND PRESCRIPTION PRINCIPLES

Exercise testing and training are cornerstones of
chronic disease management in numerous clinical
settings. In this section, we expand upon the content
of Table 1 and Supplemental Figure 1 by discussing
the role of exercise testing and training across pri-
mary, secondary, and tertiary prevention settings to
help facilitate decision making surrounding imple-
menting exercise within cardio-oncology practice.

EXERCISE TESTING IN CARDIO-ONCOLOGY PRACTICE.
Over the past 3 decades, exercise testing has
increasingly been used in cancer as an objective
assessment of functional capacity to help guide risk
stratification, monitor toxicities, individualize exer-
cise prescriptions, and assess intervention efficacy."”
Here, we provide a brief overview of commonly
used aerobic and resistance-based exercise testing
modalities to objectively evaluate cardiorespiratory
fitness and muscular strength, as well as why and
when they may be appropriate to use within the
cardio-oncology setting.
Aerobic exercise testing. Cardiorespiratory
fitness, as measured by maximal oxygen consumption
(Vozpeak), is the gold-standard assessment of aerobic
exercise capacity when maximal cardiopulmonary
exercise testing (CPET) is coupled with automated
gas exchange assessment, with or without parallel
invasive hemodynamic studies.'® Additionally, in
cardiology settings Vo,peak is used as a prognostic
measure, as it is strongly associated with all-cause and
cardiovascular-specific mortality."”” Poor cardiorespi-
ratory fitness has been associated with a higher
prevalence of treatment-related toxicities'®?*> and
postoperative complications,”® as well as all-cause,
cardiovascular, and cancer mortality'” and therefore
has been used for risk stratification across the cancer
continuum. Evaluation of cardiorespiratory fitness via
CPET also allows the identification of metabolic
thresholds that can be used to guide aerobic exercise
training.”* CPET is the ideal method of assessing
cardiorespiratory fitness across prevention settings
(ie, primary to tertiary). It is important to note, how-
ever, that the widespread adoption of CPET across
care settings is limited because of the need for
specialized equipment and trained personnel to
conduct and interpret CPET results.>®
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Incremental (sub)maximal exercise testing is an
alternative tool to estimate cardiorespiratory fitness
that can be used across prevention settings. The ma-
jor benefit of estimating cardiorespiratory fitness via
submaximal tests is that it does not require sophisti-
cated metabolic cart equipment or specially trained
personnel, and heart rate and work load levels (eg,
treadmill speed, cycle ergometer watts) can still be
used to inform aerobic exercise training prescription
and monitoring.'® However, many estimation equa-
tions are specific to the predetermined groups (eg,
healthy White men, athletes, military professionals)
they were developed for, and the difference between
actual and estimated Vo,peak using these equations in
patients with cancer has been shown to exceed
30%.2° Fortunately, (sub)maximal aerobic exercise
testing protocols and prediction equations have been
developed and validated for cancer survivors.”’
Moreover, a recent study in patients with breast
cancer revealed that including cancer treatment his-
tory in an estimated equation reduced the difference
between measured and estimated Vo,peax t0 <1%.2°

The 6-minute walk test (6MWT) is another method
of estimating cardiorespiratory fitness that has high
reliability (coefficient of variation ~ 3%)*%2° and has
been used for risk stratification. Compared with a
6MWT distance of <350 m, a distance of >400 m is
associated with an adjusted reduced risk for all-cause
mortality of about 50% in patients with advanced
cancer.>?! Advantages of the 6MWT are that there is
no need for sophisticated equipment, and it can
therefore be performed by majority of patients in
most clinical and community settings. Nevertheless,
because maximum walking speed is about 4.5 mph
even in healthy populations, the 6MWT is not sensi-
tive enough to discriminate between patients who
can complete >500 m.***® In addition, the 6MWT
does not allow a careful evaluation regarding the
pathogenetic and clinical mechanisms involved in
dyspnea and fatigue sensation compared with CPET-
derived variables.>* Given its limitations, use of the
6MWT in cardio-oncology practice is restricted pri-
marily to screening for functional impairments and
prognostication in patients within tertiary prevention
settings.

Resistance exercise testing. The gold standard for

resistance exercise testing is the 1-repetition
maximum (1RM), which determines the greatest
resistance that can be moved through a complete
range of motion with proper technique 1 time.** The
test-retest reliability of 1RM is very high, and impor-

tantly, higher levels of muscular strength evaluated
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TABLE 1 Overview of Commonly Used Aerobic Exercise Testing Modalities

CPET

Maximal and Submaximal

Multiple-Repetition
Maximum

Hand-Grip

6MWT 1RM Dynamometry

Test description 8- to 12-min exercise
test on a bicycle or
treadmill in which
the load or speed is
progressively
increased until
maximal criteria are
reached, coupled
with automated gas
exchange systems
to obtain Vozpeak

Outcome Linear metric
from <15 mL O,/
kg/min (poor) to
>95 ml O,/kg/min

(endurance trained)

Limitations Requires advanced
equipment and

trained personnel

Reliability and
validity
+++ (noncancer)'®®

+ (cancer: lung)'®

Proof of concept

Prospective ++ (cancer: lung,
validation colorectal,
Hodgkin's)?"+*?

Incremental value ++ (cancer: breast,

colorectal)?"%"17

Clinical utility ++ (lung)™”

— (other)
Modifiable ++-+ (cancer: mixed,
lung)zte,wzz
Ease of use — (noncancer)®®
Normative values +++ (noncancer)'®
Setting Primary, secondary,
tertiary
Patient population Any

Test purpose Prognostication,
guiding exercise

training

++ (cancer: prostate)'°*

++ (cancer: mixed

-+++ (noncancer,

3- to 12-min exercise test
on a bicycle or treadmill
in which the load or
speed is progressively
increased until maximal
criteria are reached (or
85% of age-predicted
maximum heart rate for
submaximal test)

METS or Vozpear is estimated
using prediction equations
based on achieved
treadmill speed/grade and
duration or the peak cycle
ergometer workload
(watts).

Linear metric from 1 MET

(poor) to >16 METs
(endurance trained)

Maximal: requires

advanced equipment
and trained personnel

Submaximal: estimated

V0zpeak €quations derived
from healthy,
nononcologic populations

Maximal: +-+ (cancer:

mixed)'”

Submaximal: +

)*

Maximal: +
Submaximal: ++

)T 03

Primary, secondary,

tertiary

Any

Prognostication,

guiding exercise
training

Maximal amount of
weight lifted a

Maximal amount of
weight lifted in one

Measures distance
covered during

Maximal amount of force or
average maximum force

6 min of walking repetition following predefined generated bilaterally
in a 100-ft a series of sets to number of over three trials
hallway'®* progress the weight  repetitions (eg, 8,

to the maximal
capacity

10) with good
technique
Maximal strength
estimated using
prediction
equations

Linear metric
from <100 m
(poor) to >700 m

Linear metric from O to Linear metric from
>500 |b depending 0 to >500 lb
on muscle group depending on

Linear metric from O to
>200 lb (age- and sex-
based norm-defined

(excellent) and exercise muscle group and ratings)
performed exercise
performed

Ceiling effects Requires advanced
equipment and

trained personnel

Requires advanced
equipment and
trained personnel

Requires specialized
equipment

++ (noncancer)**  4+++ (noncancer)'®>'°® 4 (cancer: breast)*® +++ (noncancer)'®’

+ (cancer: breast)'*®
+++ (noncancer)*®
+ (cancer: advanced,

)31 )111

++ (cancer: lung + (cancer: cachexia

malnourished)">'"
++ (cancer: + (cancer: mixed)*® - +++ (noncancer)*®
glioma)'™* ++ (cancer: Gl, lung,

cachexia,
advanced)41—44.ﬂ‘5,116

+++ (noncancer: all-cause
mortality, CVD
mortality, CVD
incidence)'"®

+ (lung)n,wzo

+ (cancer: glioma)'"® + (cancer: mixed)*®

++ (cancer: +-++ (cancer: mixed)*® +++ (cancer: +-++ (cancer: mixed)*®
mixed)'** mixed)*
+++ - - +++

+++ (noncancer)'®  + (noncancer)®’ + (cancer: advanced)*®

Tertiary, certain Primary, secondary, Primary, secondary, Primary, secondary, tertiary

primary and tertiary tertiary

secondary
Inoperable Any Any Any
Undergoing

treatment

Frail, elderly
Skeletal myopathy
Respiratory limitation

Prognostication Prognostication,
guiding exercise

training

Prognostication,
guiding exercise
training

Prognostication

Table adapted from Wagner et al.'** Reliability and validity: Has the test demonstrated reliability and validity? Proof of concept: Does the variable differ between patients with and without adverse outcomes?
Prospective validation: Can the variable predict future outcomes in a prospective cohort? Incremental value: Does the variable add predictive value over and above standard, clinically established risk markers?
Clinical utility: Does the variable change predicted risk sufficiently to modify recommended therapy? Modifiable: Does the variable change with intervention? Ease of use: Is the assessment widely applicable?

Reference values: Are published reference values available?

1RM = 1-repetition maximum; 6MWT = six-minute walk test; CPET = cardiopulmonary exercise testing; CVD = cardiovascular disease; Gl = gastrointestinal; Voxpeak
consumption; + = minimal requirements of criteria met, small evidence base; ++ = criteria met, moderate evidence base; +++ = criteria fully met, large evidence base; — = criteria not met or no evidence.

maximal oxygen
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using 1RM are associated with lower cancer mortality
risk, independent of clinically established measures
of overall and central adiposity and other potential

36 Normative values are available for

confounders.
certain lower and upper body exercises in noncancer
settings.?” Finally, this test is the preferred testing
modality for exercise prescription because it objec-
tively quantifies peak load and uses the same patterns
undertaken during resistance exercise training.

However, 1RM testing may not be safe, well toler-
ated, or feasible for some patients. Alternatively, 10-
to 15-repetition maximum (ie, the maximum weight
that can be moved 10 to 15 times) protocols may be
used to estimate the strength of patients at risk for, or
living with, chronic diseases such as CVD, pulmonary
diseases, and metabolic diseases. The test-retest
reliability for multiple-repetition maximum testing
is high®®; however, its prognostic importance is not
well defined in patients with cancer. This type of
testing uses the same equipment as 1RM testing and
therefore requires access to specialized equipment
and well-trained personnel to administer the test,
resources that may not be widely available across
most hospitals.

Surrogate strength tests, such as isometric grip
strength, have been validated to estimate upper ex-
tremity strength in patients with cancer and survi-
vors.>° Importantly, lower grip strength is associated
with poor outcomes in numerous cancer settings*®
(eg, lung,*"** gastrointestinal,*> and advanced or
metastatic cancer**), normative values are available
to facilitate test interpretation,®® and resistance
training is associated with improved grip strength
during chemotherapy.*> Nonetheless, grip strength
does not accurately reflect whole-body strength and
is limited to the maximal strength of the hand and
arm muscles. Therefore, this modality is for prog-
nostic purposes only.

EXERCISE TRAINING IN CARDIO-ONCOLOGY PRACTICE.
In 2019, the American Heart Association proposed
Cardio-Oncology Rehabilitation (CORE), a multidis-
ciplinary approach to the cardiovascular rehabilita-
tion of cancer survivors drawing upon established
cardiac rehabilitation programs for cardiology pa-
tients without cancer.” CORE recommends individu-
alized aerobic and resistance exercise on the basis of
the guidelines of the American College of Sports
Medicine (ie, 150 min/wk of moderate-intensity or 75
min/wk of vigorous-intensity aerobic exercise and 2
strength training sessions)® for cancer survivors
identified at risk for

increased cardiotoxicity
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development. Here we describe some considerations
for exercise prescription for patients with cancer
identified at high risk for or with established
cardiotoxicities.

Aerobic exercise is the most commonly used
training modality in cardiovascular care and may
include activities such as walking, cycling, dancing,
and swimming.>> To date, most aerobic exercise
training programs in oncology have tested moderate-
intensity continuous exercise (ie, ~60%-75% of
measured or estimated Vo,peax involving longer du-
rations of activity causing noticeable but not exces-
sive increases in heart rate and breathing rate) or
high-intensity interval training (HIIT) (involving
shorter durations of exercise that oscillate between
vigorous [>75% Vospeax] and lower [~40%-50%
Vo,peak] intensities) completed 2 or 3 days per week
for 20 to 60 minutes per session over 12 to 15 weeks.*®
The available evidence suggests that both moderate-
intensity continuous exercise and HIIT are effective
at preventing and treating CVD and its risk factors,*’
are safe, and are well tolerated by most patients
with cancer.*4°

Resistance exercise also plays a critical role in CVD
prevention and treatment via its effects on muscular
strength, power, hypertrophy, and endurance.*> Most
resistance exercise training programs in oncology
have tested moderate-intensity prescriptions using 2
or 3 sets of 8 to 12 repetitions at 60% to 70% of 1RM or
a rating of perceived exertion of 5 or 6 on a 10-point
scale, performed 2 or 3 days a week for 30 to 60 mi-
nutes per session over 12 to 16 weeks using weighted
equipment, resistance bands, or body weight.>%>!
Resistance exercise has been shown to be effective
at improving muscular strength, muscle mass, and
physical function, as well as being safe and well
tolerated for most patients with cancer.*”

Aerobic and resistance exercise approaches are
often combined to improve the functional capacity
and health of patients given their synergistic effects
on maximizing improvements in cardiorespiratory
fitness, muscular strength, physical function, and
body composition.”*>* Ideally, across primary, sec-
ondary, and tertiary settings, the intensity, duration,
and frequency of training sessions are gradually
progressed across the entire program, and training
intensity is sequenced in a nonlinear fashion whereby
higher intensity or higher volume training is followed
by lower intensity (recovery) training and rest days to
optimize adaptation (ie, the principle of rest and re-
covery).”* Additionally, selection of equipment as
well as intensity is typically tailored to each patient’s
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ability and exercise goals. Appropriate patient su-
pervision strategies during exercise training should
be informed by patients’ health status and use a
combination of monitoring heart rate and respiratory
responses, ratings of perceived exertion or effort,
oxygen saturation, and active observation for signs of
exercise-related adverse events (eg, arthralgia).

SAFETY CONSIDERATIONS FOR EXERCISE TESTING
AND TRAINING IN CARDIO-ONCOLOGY PRACTICE.
Exercise may be limited if safety issues exist, such as
weakness, bone defects, cognitive dysfunction, or
musculoskeletal deficits associated with cancer
treatment. Patient preparedness and cardiopulmo-
nary safety should be assessed using a CPET before
initiating exercise (Table 1) or a (sub)maximal alter-
native in the event that resources are limited.?:33
The American Heart Association recommends per-
forming CPET during the initial patient assessment
visit in a CORE program.’ Additionally, regular CPET
to reassess heart rate at a given intensity throughout
an exercise program should also occur when heart
rate is used to monitor and prescribe exercise in-
tensity. This is particularly important for patients
with autonomic dysfunction, or treatments known to
induce this, as there is a risk for exercise overdosing
if exercise intensity is prescribed using only age-
predicted maximum heart rate.”> Overall, the
widely used American College of Sports Medicine
absolute and relative contraindications for exercise
should be used as the foundation of safety consid-
erations for cardio-oncology patients considered for
exercise programs.>

HIGHLIGHTS

e Aerobic and resistance-based exercise tests may be
used risk-stratify patients, monitor toxicities,
individualize exercise prescriptions, and assess
exercise efficacy.

e CORE is a multidisciplinary approach to the car-
diovascular rehabilitation of cancer survivors
drawing upon established noncancer cardiology
rehabilitation programs.

RESPONSE TO THE PROBLEM:
THE ROLE OF EXERCISE TRAINING

In this section we review exemplar trials supporting
the role of exercise as a primary, secondary, and ter-
tiary prevention strategy for cancer treatment-
induced cardiotoxicities (Supplemental Table 1). We
focus on exercise training trials with cardiovascular
endpoints including Vo,peak, cardiac function, and
biomarkers of cardiac injury.

Wilson et al
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EXERCISE AS A PRIMARY PREVENTION STRATEGY.
Exercise can be used as a primary prevention strat-
egy to prevent the development of treatment-
induced cardiotoxicities and risk factors. At least 8
studies®®®°> have examined the effect of exercise on
cardiac health among patients with cancer receiving
cardiotoxic treatment in the primary preven-
tion setting.

Cardiorespiratory fitness. Ma et al®® conducted a
meta-analysis examining patients with breast cancer
receiving anthracyclines and/or trastuzumab and re-
ported aerobic exercise therapy to be associated with
a 5.6 mL/kg/min increase in Vo,peak. However, this
analysis was not limited to randomized controlled
trials (RCTs), nor is it generalizable to other cancer
types, treatments, or nonaerobic exercise in-
terventions. RCTs examining combined aerobic and
resistance exercise among patients with breast cancer
receiving cardiotoxic treatments have reported mixed
results, with an attenuation of treatment-induced
declines in Vo,peax compared with nonexercising
control subjects®® or no effect.°°* Importantly,
findings from 2 trials in women initiating breast
cancer treatment indicate that exercise both during
and after chemotherapy is associated with greater
improvements in Vo,peax, suggesting that exercise
should be initiated early during treatment and
continue in the post-treatment setting.®””°® The
attenuation of significant Vo,peak decline may be
related to exercise volume, irrespective of mode;
Kirkham et al®® and Haykowsky et al°® reported
higher attendance (patients attended =67% and 55%
of sessions, respectively) to have more favorable
(maintained or improved) Vo,peak adaptations. Future
research should focus on manipulations of frequency,
intensity, time, and type to assess for a potential
threshold for maintenance or improvement in Vospeax
while on cardiotoxic treatments.

Cardiac function. Although Vo,peax is an accepted
prognosis outcome within cardiology, its imple-
mentation within cardio-oncology has not been
validated.®® However, echocardiography is recom-
mended as part of standard for care for patients with
cancer considered at high risk for cardiotoxicities."
Ma et al®® assessed left ventricular ejection fraction
(LVEF), global longitudinal strain (GLS), and E/A ratio
in a meta-analysis, but results for improvements in
diastolic function were unclear, with a significant
effect of exercise only on E/A ratio. Similar evidence
is presented within the RCTs described in
Supplemental Table 1; some combined aerobic and
resistance exercise studies have revealed a trend in
the attenuation of cancer treatment-induced LVEF
and GLS decreases compared with nonexercising
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control subjects,®*°* but most studies showed no ef-
fect.5%:°9-°> However, these studies report only resting
echocardiographic measures. There is some argument
that measures of exercising cardiac function are more
sensitive to cardiac changes and therefore more
informative concerning cardiotoxicity risk.”® Foulkes
et al®®> demonstrated this among patients with breast
cancer receiving cardiotoxic treatments: peak, but
not rest, cardiac function measures were the driving
force for Vo,peax changes after a combined aerobic and
resistance exercise intervention.

Biomarkers of cardiac injury. Assessment of car-
diac injury-related biomarkers, such as natriuretic
peptides, is also recommended in patients considered
at high risk for developing cardiotoxicities.' The ma-
jority of studies showed no exercise effect in atten-
uating treatment-induced changes in biomarkers of
cardiac injury.*>°%:°© However, Foulkes et al®® re-
ported that patients with breast cancer undertaking a
combined aerobic and resistance exercise interven-
tion had attenuated treatment-induced increases in
troponin compared with nonexercising control sub-
jects. Furthermore, Ansund et al”* conducted a 1-year
follow-up of a 16-week exercise study completed
while patients were on chemotherapy and reported,
irrespective of exercise mode completed during
treatment (aerobic only or combined aerobic and
resistance training), that both exercise groups had
significantly lower N-terminal pro-brain natriuretic
peptide levels at 1-year follow-up compared with
usual-care control subjects despite an absence of
group differences at baseline and immediately after
the 16-week intervention.

Summary. There is some indication that the use of
exercise as a primary prevention strategy may miti-
gate significant declines in cardiovascular health
compared with a nonexercising control group as
assessed by outcomes of cardiorespiratory fitness,
cardiac function, and biomarkers of cardiac injury
(Table 2). However, the current evidence is heterog-
enous, with the majority of studies having major
limitations (eg, no randomization, low-dose in-
terventions, cardiovascular outcomes assessed as
secondary outcomes). Specifically, the necessary ex-
ercise stimulus to improve or maintain baseline car-
diovascular health is unclear given that some studies
indicate that exercise volume may play a critical role
in favorable cardiovascular-related adaptations.®-°2
Furthermore, the appropriate modes of exercise are
also unclear, because of heterogeneous exercise pre-
scriptions across studies with respect to the aerobic
and resistance components, as well as differences in
frequency, intensity, and time. It may be that while
on cardiotoxic treatment, cardiovascular health
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declines are inevitable, and until treatment is
stopped, the body does not have the ability to
favorably adapt to exercise; as such, the role of ex-
ercise at this stage of prevention may simply be to
maintain or prevent substantial treatment-induced

detrimental changes.

EXERCISE AS A SECONDARY PREVENTION STRATEGY.
Approximately 6 studies have been conducted in the
secondary prevention setting among patients with
cancer with evidence of cardiac dysfunction or
reduced cardiorespiratory fitness in absence of
symptoms or clinically overt CVD.%?7%

CARDIORESPIRATORY FITNESS. Targeting survivors
of childhood cancer, Bourdon et al’”® conducted a
meta-analysis to assess the impact of aerobic exercise
on cardiorespiratory fitness and reported a significant
improvement in Vo,peax Of 1.4 mL/kg/min compared
with nonexercising control subjects. Interestingly,
this analysis suggested that exercise may be less
effective on cardiorespiratory fitness for survivors of
childhood cancer compared with survivors with
adult-onset cancer, with meta-analyses by Scott
et al*® and Beaudry et al®° reporting 2.8 and 3.1 mL/
kg/min increases in Vo,peax in favor of exercise.
However, these analyses in adult-onset cancers
included mixed intervention modalities and are not
directly comparable with the meta-analysis of Bour-
don et al,”® who examined only aerobic exercise. The
reasons for the divergent findings between survivors
of childhood and adult cancers are not known but
could be due to differences in age, exercise volume,
exercise adherence, or the disrupted normal physio-
logical growth and development that result from the
cardiotoxic therapies received during childhood,
causing direct damage to the heart, lungs, and sur-
rounding vessels and leading to oxidative stress and
exercise intolerance.®' Nonetheless, not all the
studies included in these meta-analyses were off
treatment (ie, not secondary prevention in-
terventions), with subanalyses indicating a greater
exercise effect post-treatment®? or no effect.”®-%°
Most studies presented in Supplemental Table 1
showed improvements in Vo,peax compared with
baseline or nonexercising control subjects.??7%74:7578
However, it is of note that only 2 of these studies were
RCTs’>78; as such, caution is warranted in the inter-
pretation of the effect of exercise on Vo,pear. Both
Adams et al””> and Smith et al’* reported clinically
significant improvements in Vo,peax (ie, >3.5 mL/kg/
min or ~10%), which represents the reversal of a
decade’s worth of cardiorespiratory aging within
12 weeks of HIIT or combined aerobic and resistance
training among patients with testicular cancer and
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survivors of childhood cancer, respectively. Although
other studies did not reveal improvements in Vospeax
with exercise,”®?” Grote et al®3 completed further
analysis indicating that time away from treatment
may be a critical factor for adaptations to exercise,
with increases in Vo,peax more likely in those =5 years
out from treatment compared with <5 years.
Cardiac function. Despite their being a measure
used within standard of care, few studies have
assessed echocardiographic parameters in exercise
secondary prevention studies,’>”’*7% and only one of
these studies was an RCT.”® Following the cessation
of cardiotoxic cancer treatment, therapy-induced
declines in cardiac function do not appear to
improve with usual care,’’ so intervention in the
post-treatment phase is critical. Exercise did not
improve LVEF and/or GLS in survivors of childhood
acute lymphoblastic leukemia’*”> or breast cancer
and leiomyosarcoma,’® while Smith et al’* reported
an improvement in LVEF following the exercise
intervention in a case series of 5 patients. Further-
more, 5 studies’” 7 evaluated systolic blood pressure,
but no study revealed evidence of improvement
following exercise.”>”® Additionally, there were
mixed effects for the impact of exercise on changes in
resting heart rate, with 2 studies showing significant
reductions in resting heart rate following exercise’>””
and 1 study showing no change.”®

Biomarkers of cardiac injury. Biomarkers of car-
diac injury such as troponin and N-terminal pro-brain
natriuretic peptide have not been readily examined in
exercise interventions conducted post-treatment.
Kerrigan et al’® reported no change in high-
sensitivity troponin after a 10-week aerobic-only ex-
ercise intervention among patients with breast cancer
and leiomyosarcoma with subclinical cardiotoxicities.
However, they did report changes in cardiometabolic
biomarkers, with improvements in high sensitivity C-
reactive protein and low-density lipoproteins in favor
of the exercise group.

Summary. The presented studies using exercise as
secondary prevention produced mixed results across
common cardiovascular health outcomes, including
Voopeak, cardiac function, and biomarkers of cardiac
injury (Supplemental Table 1, Table 2). In contrast to
the impact of exercise as a primary prevention strat-
egy, whereby outcomes, at best, are likely main-
tained, exercise as a secondary prevention strategy
may induce improvements in Vo,peax, but the exercise
stimulus required to improve cardiac function and
cardiac injury biomarkers is currently under-
researched. Nonetheless, adaptations to exercise
may be dependent on the time of cancer diagnosis
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TABLE 2 Potential Therapeutic Effects of Exercise Within Each Level of Prevention

Vozpeak Cardiac Function Cardiac Injury Biomarkers
Primary Possible prevention of ~ Possible prevention of  Possible prevention of
prevention substantial substantial substantial
treatment-induced treatment-induced treatment-induced
declines if exercise detrimental changes detrimental
volume is sufficient in LVEF, GLS, cardiac changes
output, and stroke
volume
Secondary Improvement, but how  Possible improvement of Unknown
prevention much improvement some measures of
may be influenced by cardiac function (eg,
cancer diagnosis and resting heart rate)
time out from
treatment
Tertiary Possible improvement Unknown Unknown
prevention
GLS = global longitudinal strain; LVEF = left ventricular ejection fraction; Voypeak = maximal oxygen

consumption.

(eg, child or adult onset, as well as time since
treatment).®®77:79

EXERCISE AS A TERTIARY PREVENTION STRATEGY.
To date, only 2 trials have assessed exercise as a ter-
tiary prevention strategy of cancer treatment-
induced cardiotoxicities. Bonsignore et al®
completed a retrospective analysis comparing pa-
tients with breast cancer with noncancer control
subjects with coronary artery disease who both
completed an exercise cardiac rehabilitation program,
and Tsai et al®® primarily assessed the feasibility of
exercise among cancer survivors. Both studies re-
ported exercise either in the cardiac rehabilitation
setting or home- or clinic-based settings to be feasible
and effective as a result of attendance or no adverse
events and exercise having a significant effect on
VOopeak,° %> although no changes in LVEF were
observed.®®> This improvement in VOupeak is in line
with the results of a meta-analysis examining the
effect of cardiac rehabilitation for cancer survivors,
which reported a 2.6 mL/kg/min increase in favor of
exercise, but not all included studies targeted pa-
tients with established cardiotoxicities.® Nonethe-
less, although Tsai et al®® and Bonsignore et al®*
suggested that exercise is safe and effective for
cardiorespiratory fitness improvement in patients
with cancer with treatment-induced heart failure,
this is contrary to another study by Jones et al,®® who
reported the incidence of cardiovascular mortality or
hospitalization to be higher among those completing
an aerobic exercise intervention. Therefore, caution
is warranted when using exercise in this vulner-
able cohort.

Summary. Although evidence for exercise in the
tertiary level of prevention is limited, there has been
promising work from in vitro studies and preclinical
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« Homogeneous,
understudied populations

Examples of understudied
populations:

* Non-breast cancer

* Novel cancer treatments
with cardiotoxic properties

» Those with established (sub)
clinical cardiotoxicities

* Resistance training only

FIGURE 1 Knowledge Gaps and High Priorities for Future Research Directions

* Design intervention to align with desired outcome.
» Utilization of a comparison group (e.g., stretching control)

Intervention and Study Design

Examples of understudied interventions/considerations:

» Manipulation of the frequency, intensity, time, and type
principles within the same homogeneous population

+ Balance and flexibility-focused interventions

« Cardiovascular outcome as
primary focus

Examples of understudied
cardiovascular outcomes:

« Vascular health

¢ Clinically applicable
outcomes

* Novel biomarkers of
cardiotoxicity risk

Exercise cardio-oncology is a developing paradigm. Future research should focus on producing high-quality research on the basis of the
population, intervention, comparison, and outcome criteria to improve the future evidence base.

models suggesting that exercise may have car-
dioprotective effects after treatment-induced car-
diotoxicity.®”*® The clinical evidence among patients
with cancer, however, is limited, with much of the
current understanding of the effect of exercise on
established cardiotoxicities drawn from cardiology
patients without cancer. Future research should
continue to expand on this research gap, targeting
patients with cancer and survivors with existing car-
diovascular conditions.

RESEARCH GAPS. A joint statement was recently
published by the American College of Cardiology and
the American Heart Association, emphasizing the
need for exercise intervention investigations target-
ing heart failure, which includes cancer survivors
who develop cardiotoxicity.®® Given that the exercise
cardio-oncology paradigm is still developing, for this
field to reach the next level of evidence, researchers
should consider the quality of study design as their
top priority, with particular focus on the use of the

population, intervention, comparator, and outcome
criteria®® (Figure 1).

Population and outcome. Future research should
target homogeneous populations, with suggested
areas of focus that have very few, if any, high-
quality studies including patients with cancer with
established subclinical or clinically diagnosed car-
diotoxicities, cancer types beyond breast cancer,

and novel cancer treatments with cardiotoxic
properties (eg, immune checkpoint inhibitors,
mitogen-activated  protein  kinase  inhibitors)

(Figure 1).! Furthermore, the classification of car-
diotoxicities is complex, and new treatments
create a clear need for continued revision and
definition of clinically relevant cardiotoxicity out-
comes, as well as the identification of novel markers
of risk and their incorporation in prognostic
models. As such, future exercise research should
primarily target outcomes of clinical applicability
(Figure 1).
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Intervention and comparator. There is sufficient
evidence to suggest that the general cancer exercise
guidelines are beneficial for patients and survivors.°
However, evidence for the individualization of ex-
ercise (ie, precision exercise medicine: effectively
tailoring exercise to specific patients and their
cancer types, treatments, etc) is limited, particularly
within exercise cardio-oncology. Therefore, future
research should look to compare various manipula-
tions of the frequency, intensity, time, and type
principles across different homogeneous pop-
ulations to best understand what intervention
design is ideally prescribed for which population
and outcome. This in turn will add to the growing
literature of key considerations for exercise pre-
scription on the basis of a patient’s unique profile,
resulting in safe, evidence-based, prescription of
individualized exercise (Figure 1). Furthermore,
long-term follow-up can provide valuable insight
into the incidence of cardiotoxicities on the basis of
interventions implemented in the primary and sec-
ondary levels of prevention.

HIGHLIGHTS

e Exercise as a primary prevention strategy may
mitigate significant declines in cardiorespiratory
fitness, cardiac function, and biomarkers of cardiac
injury.

o Exercise as a secondary prevention strategy may
induce improvements in Vo,peak.

o The clinical evidence for the benefits of exercise as
a tertiary prevention strategy among patients with
cancer is limited, with much of the current un-
derstanding drawn from cardiology patients
without cancer.

CONSIDERATIONS AND OPPORTUNITIES
FOR IMPLEMENTING EXERCISE IN
CARDIO-ONCOLOGY PRACTICE

Compared with traditional cardiac rehabilitation, ex-
ercise cardio-oncology is significantly more complex
and nuanced because of multiple extracardiac factors,
including but not exclusive to: 1) the patient’s base-
line cardiovascular risk factor profile prior to cancer
treatment; 2) the stage and type of malignancy and
prognosis; 3) pre-existing comorbidities and factors
related to frailty before, during, and after treatment;
and 4) anticipated benefits on the basis of limited
current evidence unique to each cancer group. Here
we discuss considerations and opportunities to
implement a cardio-oncology program (Figure 2).
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ELEMENTS OF AN EXERCISE CARDIO-ONCOLOGY
PRACTICE. A successful CORE program stems from a
cardio-oncology program that is structured to accom-
modate timely cardiac testing and exercise needs for a
heterogeneous spectrum of malignancies and car-
diotoxicities at various stages of cancer diagnosis and
treatment. This ability to meet the needs of a hetero-
geneous population can add to the multidisciplinary
strength of being able to identify all patients that can
benefit from a CORE program. Therefore, cardio-
oncology programs should have the necessary re-
sources to risk-stratify all patients so that they may be
appropriately triaged and allocated to the applicable
CORE-related resources afforded at each institution or
referred elsewhere as required. In addition, as many
cancer treatments are time sensitive, CORE initiation
and referrals may need to originate from oncology for
patients thought to benefit from exercise rehabilita-
tion before (ie, “prehabilitation”), during, or after
treatments depending on pre-existing CVD risk fac-
tors, baseline cardiopulmonary functional capacity,
and the potential for toxicities that may cause signifi-
cant decline in short- and long-term cardiovascular
health. Furthermore, the foundations of an effective
exercise rehabilitation program require the multidis-
ciplinary expertise of clinicians, including physicians,
nurses, advanced practice providers, exercise physi-
ologists, nutritionists, and psychologists with cardio-
vascular and oncologic specialty backgrounds.

VARIABILITY IN PATIENT HEALTH PROFILES. As
cancer therapies range in duration and intensity with
varying toxicity profiles that occur either acutely or in
the long term, treatments may cause myriad effects
leading to increased fatigue, decreased exercise
tolerance, and poor adherence to ideal diet and
evidence-based therapies in cardiovascular primary,
secondary, and tertiary prevention. This may include
various effects such as anemia, neutropenia, throm-
bocytopenia, infections, gastrointestinal effects
leading to weight loss, decreased appetite, and
increased frailty. Psychosocial distress is also a major
contributor; available institutional resources should
proactively help identify and provide a supportive
atmosphere and refer as appropriate to social work
and mental health professionals for treatment. Such
factors may also deter patients from participating in
exercise programs. For instance, patients with breast
cancer who declined participation in an exercise-
based trial cited time of recruitment, information
overload, symptoms and side effects, and the hospital
setting as major reasons for not wanting to
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FIGURE 2 Implementation of Exercise Within a Cardio-Oncology Program

Cardio-Oncology Rehabilitation Along the Spectrum of Cancer Treatment
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Treatment Treatment Treatment Survivorship

Risk Assessment Throughout Cancer Journey
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Along the cancer care continuum, regular assessment of cardiotoxicity risk should be completed. Upon identifying patients at risk, it is recommended to refer them to
cardio-oncology exercise programs, which may be offered through a number of different venues with various services depending on patient needs; however, this
process may be challenging given current underrepresentation of the needs of such services within global standard of care. CV = cardiovascular; CVD = cardiovascular
disease; DM = diabetes mellitus; HTN = hypertension; SCT = stem cell transplantation.
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participate.®® Thus, access to support systems (ie,
mental health) are needed, in addition to providing
convenient times and venues, if possible, to minimize
these barriers during patients’ cancer journeys to
optimize exercise therapy both during treatment and
into survivorship.

ACCESS TO EXERCISE CARDIO-ONCOLOGY PROGRAMS.
Home- and ambulatory-based rehabilitation strate-
gies have been historically studied for cardiovascular
patients in various health care systems.®*° With the
advent of technologies providing virtual telemedicine
visits during the COVID-19 pandemic, along with a
rise in smartphone applications focused on fitness,
the opportunities to provide CORE beyond the inpa-
tient and outpatient settings has increased. However,
strategies for how to deliver effective care in this
technology-based environment require further study.
Studies looking at implementing remote or unsuper-
vised exercise programs in a variety of cancer pop-
ulations have been proposed and/or are
ongoing.5%94°97

In addition, efforts are needed to provide equitable
CORE care to patients of all socioeconomic back-
grounds, as patients who come from under-
represented and under-resourced groups may lack
access, which may detrimentally affect their cardio-
vascular and/or oncologic prognoses.®® For instance,
in the adolescent and young adult cancer survivor
population, lower amounts of moderate to vigorous
physical activity were associated with Black race,
lower household income, education less than high
school level, and CVD risk factors.”® As links of pre-
existing CVD and risk factors have been established
to higher risks for cardiotoxicity during cancer treat-
ment, certain groups that may have higher CVD dis-
ease burden may subsequently fare worse, with
higher cardiovascular event rates during or after
cancer treatments, and may potentially benefit from
CORE care.

INSTITUTIONAL AND FINANCIAL SUPPORT FOR
EXERCISE CARDIO-ONCOLOGY PROGRAMS. To
effectively build a CORE wing of a cardio-oncology
program, approaching institutional leadership to
identify resources is needed to supply a wide range of
health care professionals involved in CORE care in
addition to the physical facilities needed for these
exercise interventions. Hiring and recruiting CORE
staff members and establishing the physical facilities
needed to provide these services are additional
challenges. However, innovative strategies can
potentially be deployed in settings in which pro-
longed inpatient stays are warranted (ie, stem cell
transplantation, chimeric antigen T-cell therapy)
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and where physical activity can be implemented as
tolerated during various stages of conditioning,
treatment, and post-treatment, particularly as such
populations may be at higher risk for short- and
long-term CVD complications.'®® Algorithms for
referral for CORE services should be designed for
each section of oncology on the basis of institu-
tional needs and particular strengths and higher
volumes of certain cancer populations; this can help
prioritize which patients require CORE services and
ensure steady referrals and volume. Ongoing quality
initiative projects should identify areas for
improvement in the referral and CORE service pro-
cess, with ongoing tracking of cardiovascular and
oncologic outcomes.

Although there are ongoing research efforts in
evaluating CORE-based exercise interventions in a
variety of cancer states, settings, and strategies, a
major obstacle remains a lack of reimbursement.
Similar challenges were also recently noted in a 2023
American College of Cardiology/American Heart As-
sociation scientific statement on supervised exercise
testing in heart failure with preserved ejection frac-
tion.®° Traditional cardiac rehabilitation is covered by
Medicare and other major insurance plans in patients:
1) with documented diagnoses of acute myocardial
infarction within the preceding 12 months; 2) who
underwent coronary bypass surgery; 3) with stable
angina pectoris; 4) who underwent heart valve repair
or replacement; 5) who underwent percutaneous
transluminal coronary angioplasty or coronary stent-
ing; 6) who underwent heart or heart and lung
transplantation; or 7) with stable, chronic heart fail-
ure, defined as patients with LVEFs of 35% or less and
NYHA functional class II to IV symptoms despite be-
ing on optimal heart failure therapy for at least
6 weeks.'?"'°? There is no direct exercise rehabilita-
tion program similar to cardiac rehabilitation avail-
able to the cancer population unless a patient
develops any of the aforementioned cardiac condi-
tions or undergoes any of the procedures or opera-
tions. Thus, institutional support, or other forms of
support (ie, private or public grants to support
research) to provide such exercise interventions is
paramount in providing the foundations for an
effective CORE program.

On a national scale, advocacy is needed to provide
support, guidelines, and reimbursement for cancer
centers to provide CORE services. However, as
alluded to earlier in this review, exercise in-
terventions reported in the literature have varying
strengths of quality supporting their efficacy for
preventing and managing cancer treatment-induced
cardiotoxicities. In addition, a successful program
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requires staffing by a diverse group of health care
professionals with experience in cardiovascular and
cancer care. As many of these individuals may already
function within other rehabilitation and cancer
support-based programs, their roles may be “hybrid-
ized” to include CORE services, but institutional
support and buy-in are necessary for this to occur to
provide appropriate compensation and protected
time to provide these services.

HIGHLIGHTS

e A successful CORE program accommodates het-
erogeneous malignancies, treatments, and car-
diotoxicities and has resources to risk-stratify
patients, a strong referral process, and a multidis-
ciplinary team.

e Program accessibility and financial support are
critical elements to consider for the potential
outreach of a cardio-oncology program.

CONCLUSIONS

societal burdens of cancer
cardiovascular toxicities are

The personal and
treatment-induced

becoming increasingly well recognized and are likely
to increase with the regular emergence of new
therapies that adversely affect the cardiovascular
system. Aerobic and resistance exercise training is a
potent strategy for preventing and managing cancer-
related cardiovascular sequelae; however, the cur-
rent cardio-oncology care model lacks the referral,
testing, and intervention resources and infrastruc-
ture needed to widely implement them. A coordi-
nated effort patient advocacy,
research, and clinical care groups is urgently needed

from medical,

to raise awareness of these issues and generate the
evidence required to demonstrate the safety, toler-
ability, and efficacy of exercise-based therapies
across prevention settings and facilitate higher

level, health care economics-related decision
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making to support the widespread implementation
of CORE.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCE-
DURAL SKILLS: Patients exposed to cardiotoxic
cancer treatments are at increased risk of developing
cardiotoxicities throughout treatment and survivor-
ship. Exercise is a known strategy to improve cardio-
vascular disease risk, however, only cancer survivors
with confirmed diagnoses of cardiovascular diseases
are considered eligible for referral to exercise-based
cardiology rehabilitation within the current cardio-
oncology care model.

TRANSLATIONAL SKILLS: Future research should
continue to explore cardiology and general exercise
oncology paradigms to inform research and practice
of implementing exercise within cardio-oncology
clinical care.
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