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Abstract

Cardiovascular disease is a competing cause of death in patients with cancer with early-stage
disease. This elevated cardiovascular disease risk is thought to derive from both the direct effects
of cancer therapies and the accumulation of risk factors such as hypertension, weight gain,
cigarette smoking, and loss of cardiorespiratory fitness. Effective and viable strategies are needed
to mitigate cardiovascular disease risk in this population; a multimodal model such as cardiac
rehabilitation may be a potential solution. This statement from the American Heart Association
provides an overview of the existing knowledge and rationale for the use of cardiac rehabilitation
to provide structured exercise and ancillary services to cancer patients and survivors. This
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document introduces the concept of cardio-oncology rehabilitation, which includes identification
of patients with cancer at high risk for cardiac dysfunction and a description of the cardiac
rehabilitation infrastructure needed to address the unique exposures and complications related to
cancer care. In this statement, we also discuss the need for future research to fully implement a
multimodal model of cardiac rehabilitation for patients with cancer and to determine whether
reimbursement of these services is clinically warranted.

Keywords

AHA Scientific Statements; cancer; cardiac rehabilitation; cardiovascular diseases

Advances in early detection and treatment have significantly improved the 5-year disease-
specific survival rates for the 10 most common malignancies.! As a result, there are >16.7
million cancer survivors in the United States today.1#* Many of these individuals are at
increased risk of morbidity and mortality from noncancer causes, predominantly
cardiovascular disease (CVD). Specifically, cancer survivors living at least 5 years beyond
diagnosis have a 1.3- to 3.6-fold increased risk of cardiovascular-specific mortality and a
1.7- to 18.5-fold increased incidence of CVD risk factors such as hypertension, diabetes
mellitus, and dyslipidemia compared with age-matched counterparts with no cancer history.
56 The elevated risk of CVD in cancer survivors is likely the result of normal age-related
pathologies coupled with the direct (eg, radiation, chemotherapy, targeted therapy) and
indirect (eg, deconditioning, weight gain)’ effects of cancer therapy that extend across
multiple systems (ie, whole-organism cardiovascular toxicity).8 CVD is likely to become
even more pervasive in the oncology setting as a result of continued improvements in
cancer-specific mortality in conjunction with the rapidly aging population.®

Effective and viable strategies are needed to mitigate CVD risk in patients with cancer. The
use of a delivery model similar to that used in cardiac rehabilitation (CR) programs may
provide a potential solution for selected patients. CR has been defined as “the provision of
comprehensive long-term services involving medical evaluation, prescriptive exercise,
cardiac risk factor modification, and education, counseling, and behavioral interventions.”10
The objectives of contemporary CR are to increase functional capacity (cardiorespiratory
fitness [CRF]), to decrease anginal symptoms, to facilitate cardiovascular risk reduction, to
improve psychosocial well-being, and to reduce recurrent hospitalizations and the associated
morbidity/mortality of CVD.102 Meta-analyses demonstrate that CR reduces CVD mortality
and hospital admissions and improves health-related quality of life in patients with coronary
heart disease.!! Referral to a comprehensive CR program is a Class | American Heart
Association (AHA)/American College of Cardiology (ACC) Foundation guideline
recommendation for patients with acute coronary syndromes'2 and is a clinical performance
measure.13

In this statement, we propose the development of a comprehensive model (ie, cardio-
oncology rehabilitation [CORE]) to identify patients at high risk of CVD including
cardiotoxicity related to cancer therapiesl# and use the multimodality approach of CR (eg,
exercise plus nutritional counseling and cardiovascular risk factor assessment) to prevent or
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mitigate cardiovascular events. Overall, this scientific statement is designed to present the
rationale for multimodal CR in patients with cancer, to provide guidance for CR personnel
on the specific CR needs of cancer survivors, and to highlight knowledge gaps and propose
steps to facilitate the development and integration of CORE as an aspect of standard of care
for cancer patients and survivors at high risk for CVD.

RATIONALE FOR IMPLEMENTATION OF A MULTIMODAL CR FOR PATIENTS
WITH CANCER

Rationale for Structured Exercise Training in CR for Patients With Cancer

Traditionally, cardiovascular toxicity in cancer survivors has focused predominantly on the
detection and management of cardiocentric dysfunction (eg, declines in left ventricular
ejection fraction), which predisposes to the development of overt heart failure. The direct
and indirect adverse consequences of anticancer therapeutics, however, extend beyond the
heart to affect the entire cardiovascular-skeletal muscle axis. Indeed, CRF, an integrative
assessment of global cardiovascular function, declines during exposure to various systemic
combination regimens and may not recover after treatment cessation.1>-17 For example,
patients with breast cancer who are 40 to 50 years of age have a mean CRF level that is 30%
to 32% lower than that of age-matched healthy, sedentary control subjects.1® Low CRF has
also been demonstrated in other populations such as young adult cancer survivors!8.19 and
women with a history of gynecological cancers.16

Exercise training is the cornerstone of contemporary CR and is an established therapy to
improve CRF, leading to reductions in cardiovascular morbidity and its attendant symptoms
in those with existing CVD. Although less well established, a growing body of work
evaluates the efficacy of structured exercise therapy on cardiovascular outcomes in patients
with cancer.20 A comprehensive recent review of this literature is available20-2! and
summarized in Table 1.

In brief, randomized trials have examined the efficacy of various exercise prescriptions on
CRF in various cancer populations during and after primary adjuvant therapy. In general,
current evidence indicates that exercise may attenuate the cancer treatment—induced declines
in CRF, although confirmation in larger studies is needed. There is reasonable evidence to
support the conclusion that exercise improves CRF after the completion of cancer therapy.
For example, in a meta-analysis of 27 randomized clinical trials, exercise training after the
completion of adjuvant therapy significantly increased CRF compared with usual care
(weighted mean differences, 2.45 mL Oy-kg~t-min~1 [95% ClI, 1.71-3.19]).21 Overall,
current investigation of exercise on CVD outcomes in cancer survivors is limited primarily
to CRF, an end point of significant clinical importance because low CRF is associated with a
higher incidence of short- and long-term treatment-related toxicities (eg, CVD), higher
symptom burden (eg, fatigue), and increased risk of all-cause and cancer-specific mortality
in patients with cancer.15.36.37
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Feasibility of Exercise Training in CR for Patients With Cancer

A limited but growing number of studies have investigated the feasibility and utility of CR to
deliver exercise interventions to cancer patients and survivors (Table 2). For example, Dolan
et al*0 reported that among 152 breast cancer survivors (177+167 weeks from surgery),
aerobic and resistance training exercise performed once weekly in a CR supervised group
setting resulted in significant improvements in CRF (/<0.001), quality of life (/<0.001), and
fatigue (P<0.001). In another study, 280 cancer survivors (mixed diagnoses; 2.5+3.7 years
from diagnosis) participating in 12 weeks of supervised aerobic training and 2 d/wk of
resistance training exercises38 had significantly improved 6-minute walk duration (2=0.003),
1-repetition maximum leg press (A<0.01), and arm strength (/<0.01). Collectively, current
investigations indicate that CR models are feasible and can improve CRF, muscular strength,
and quality of life in cancer survivors. Given the multisystem consequences of cancer
therapy resulting in increased risk of morbidity and mortality, there is a strong rationale both
to identify survivors at greatest risk and to deliver individualized interventions.

Rationale for Other Components of CR

In addition to the therapy-related decline in CRF, preexisting and treatment-related modifiers
may increase CVD risk. Risk factors such as smoking, hypertension, diabetes mellitus,
dyslipidemia, and obesity may be higher in cancer survivors than in the general population,
in part as a result of the shared pathways to CVD and cancer.#> Preexisting CVD risk factors
are strong predictors of anthracycline-,%6 trastuzumab-,#’ and radiation-related*® CVD.
Furthermore, the development of de novo risk factors after therapy also increases morbidity
and mortality.4950 Indeed, cancer survivors are more likely than control subjects®! to have
hypertension (65.9% versus 59.5%, respectively; £<0.01) and diabetes mellitus (23.4%
versus 21.5%, respectively; £<0.01); for hypertension, this risk extends to >10 years after
diagnosis.52 Nichols et al®3 estimated that each 5-kg weight gain after a breast cancer
diagnosis was associated with a 19% increase in CVD mortality (P=0.04). Among 36 232
two-year survivors of adult-onset cancer, survivors with =2 CVD risk factors had a higher
risk of CVD (incidence rate ratio, 1.83—-2.59) compared with control subjects without cancer,
whereas there was a 3.78-fold increased risk of all-cause mortality in cancer survivors who
developed CVD compared with those without CVD (incidence rate ratio, 3.78 [95% Cl,
3.55-4.01]; P=0.01).51 Collectively, the global nature and magnitude of impairment create a
strong rationale for multimodal approaches to be centered on treatment strategies with the
capacity to favorably modify the cardiovascular system.

Consideration of a CR model is appealing in cancer care for the following reasons: First, CR
delivers exercise as its core program with the long-term goal of improving CVD outcomes.
Second, CR offers an opportunity to measure and subsequently reduce CVD risk factors in
patients with cancer. Third, CR provides an individualized approach to exercise and medical
therapy that allows critical adjustments and tailored therapy for patients with cancer. Fourth,
CR provides surveillance to communicate with providers about changes in patient status (eg,
vital signs, symptoms, exercise intolerance). Finally, CR presents an opportunity to
simultaneously deliver several bundled interventions for patients. Historically, the significant
clinical benefits of CR services in patients with a recent, qualifying CVD event®>-61 stem
from the systematic application of exercise and medical therapies under close supervision
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and guidance from a well-organized, multidisciplinary team of healthcare professionals,5°:66
thus providing a rationale for applying this approach to patients with cancer as well.

IDENTIFYING PATIENTS WITH CANCER FOR CR

Here, we present a targeted approach to identifying patients with cancer who may be
expected to derive the greatest benefit from multimodal CR. To streamline terminology in
the implementation of CR in patients with cancer, we refer to rehabilitation in this setting as
CORE: These patients include those exposed to higher doses of cardiotoxic
chemotherapeutic or radiation treatment regimens with untreated CVD risk factors as
detailed below.57:68

We include the recent American Society of Clinical Oncology clinical practice guideline for
the prevention and monitoring of cardiac dysfunction in survivors of adult cancers as part of
risk stratification for CORE referral.14 No organization has reached consensus
recommendations on all cancer therapies implicated in overall CVD risk (eg, stroke,
thromboembolism, cardiomyopathy in patients with cancer (eg, vascular endothelial growth
factor inhibitors, immunotherapy, androgen-deprivation therapy). However, the American
Society of Clinical Oncology guideline provides a solid evidence base for selected cancer
therapies and exposures predisposing patients with cancer to cardiac dysfunction (a subset of
overall CVD). The guideline recommends that patients with cancer who meet the following
criteria should be considered at increased risk: (1) treatment with high-dose anthracycline
(eg, doxorubicin =250 mg/m?, epirubicin =600 mg/m?) or high-dose radiotherapy =30 Gy
when the heart is in the treatment field or lower-dose anthracycline in combination with
lower-dose radiotherapy; (2) treatment with lower-dose anthracycline or trastuzumab alone
plus the presence of >2 risk factors (smoking, hypertension, diabetes mellitus, obesity,
dyslipidemia), older age (=60 years) at cancer treatment, or compromised cardiac function
(history of myocardial infarction, borderline or low left ventricular ejection fraction,
moderate valvular disease); or (3) treatment with lower-dose anthracycline followed by
trastuzumab. Although the referenced guideline serves as a starting point for referral, it does
not replace the expertise of the cardiologist or oncologist in terms of a patient’s underlying
risk for treatment-related CVD, which will vary on the basis of age, diagnosis, medical
history, and prior treatment exposures. Moreover, in addition to survivors of adult cancers,
pediatric cancer survivors should be considered for CORE on the basis of prior high-risk
exposures.69.70

Algorithm for Referral to CORE

The algorithm shown in Figure 1 represents a proposed framework for testing and
consultations before CORE is started. The CORE algorithm is not driven by a specific point
in the cancer continuum but rather by a patient’s underlying risk of cardiac dysfunction
(based on the American Society of Clinical Oncology clinical practice guideline), cardiac
symptoms, or CVD history. Referrals to CORE flow from the treating provider (oncologist,
internist, cardiologist) at the time of active treatment, in the survivorship setting when prior
exposures are reviewed, or at any time after a cancer diagnosis in patients with existing CVD
or in patients with cancer who develop cardiac symptoms. In patients who are eligible for
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CORE, cardiopulmonary safety should be assessed with cardiopulmonary exercise testing
before CORE is started (Table 3, normal testing requirements).”3

The protocol used (ie, Bruce et al’4, Balke and Ware,”® Naughton et al”®) should consider
age, habitual physical activity (PA), and the anticipated functional capacity of the patient. A
modified Balke protocol has been used previously in a breast cancer population. In this
protocol, treadmill speed is initially set at 3.3 mph. In the first minute, the grade is set at 0%,
followed by a 2% increase in the second minute and a 1% increase every minute thereafter.
After 25 minutes, the grade remained unchanged but the speed was increased 0.3 mph (5.4
m/min) for each additional minute until test termination.”’ This test can be performed during
the initial patient assessment visit in CORE. A 6-minute walk test is an alternative field
assessment that can be used to evaluate the functional capacity of patients with cancer before
they begin an exercise routine.”®

Given that exercise may be limited or unsafe as a result of treatment-related frailty,
musculoskeletal, neurological, or cognitive issues, bone loss, and ongoing treatment, cancer
rehabilitation (eg, physical therapy, occupational therapy) should be initiated before CORE
in this setting to address these impairments (Figure 1, left side of the CORE algorithm).
Furthermore, if patients with cancer demonstrate functional impairments during or after
active treatment, a cancer rehabilitation consultation should be done before or in concert
with CORE. Multidisciplinary centers that could partner with CORE in managing the
complex needs of patients with cancer include cancer rehabilitation, supportive care, and
integrative medicine/integrative oncology.

Education of CR Staff

Patients with cancer experience unique challenges that may differ considerably from the
challenges faced by their CR patient counterparts. Accordingly, CR staff (physician or
exercise physiologist) should have the expertise and training to evaluate and administer an
individually tailored exercise plan that is based on each patient’s health status, treatments
received, and specific risks associated with the cancer type. Moreover, CR physicians and
advanced practice providers should consider partnering with oncologists and oncology
providers to provide key components of the medical assessment. We propose that patients
with cancer should meet an initial set of exercise performance metrics within a supervised
setting (defined in Table 3) to assess overall safety. To assist CR staff with the unique needs
of patients with cancer, we combine the traditional components of CR”® with the following
cancer-specific considerations for CORE (Table 4).

Patient Assessment

General: CR staff should obtain medical and surgical histories; review current medications
(including oncological medications) and patient compliance; perform a physical
examination; develop an individual patient treatment plan; verify that the patient is taking
appropriate cardioprotective medications; identify modifiable cardiovascular risk factors;
establish goals for risk factor control and a plan for assessing their attainment; develop a
discharge plan summarizing long-term goals; and identify the responsible healthcare
provider for follow-up of long-term goals.
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Cancer Specific: CR staff should review current and prior cancer therapies, potential side
effects, and risk of late toxicities®?; assess musculoskeletal impairments/peripheral
neuropathy and provide referral to oncology rehabilitation or oncology provider if the above
impairment is found; determine the presence of lymphedema and alter the exercise
prescription on the basis of these findings8?; assess the presence of an ostomy and other
infection risks; review complete blood cell count results; screen for depression, fatigue, and
quality of life; and perform cardiopulmonary assessment (eg, cardiopulmonary exercise
testing).

Nutritional Counseling

General: CR staff should assess current dietary practices; determine target areas for
intervention; prescribe specific dietary modifications; educate/counsel the patient and
family; incorporate behavior change models and compliance strategies; develop a plan to
address unhealthy eating behaviors; and plan periodic assessment of patient adherence to
recommended dietary changes.

Cancer Specific: CR staff should adopt nutritional recommendations that are cancer specific
(eg, National Comprehensive Cancer Network) and involve dietitians who specialize in
cancer care.

Weight Management

General: CR staff should measure height, weight, and waist circumference; calculate body
mass index; consider objective measurement of body composition to determine fat and lean
body mass; establish short- and long-term goals; develop a permanent lifestyle plan for
prudent eating habits, exercise training, and PA to favorably modify body composition; and
periodically assess progress toward goals.

Cancer Specific: CR staff should recognize the spectrum of weight management issues,
including weight loss, loss of lean muscle mass, and gain in fat mass, which are cancer
specific, and tailor aerobic and resistance training accordingly.82

Blood Pressure Management

General: CR staff should measure blood pressure (BP) >2 times in the seated posture; rule
out orthostatic hypotension by measuring BP lying, seated, and standing at program entry
and after increases in antihypertensive medication dosing; assess the patient’s treatment plan
for BP control and compliance; determine the appropriate BP goal; and periodically assess
progress toward the goal.

Cancer Specific: CR staff should check BP in both arms (unless contraindicated by
lymphedema or other impairments) given that unilateral subclavian steal can be seen in
patients treated with mediastinal or neck irradiation; review chemotherapeutic agents and
molecularly targeted drugs that cause hypertension, such as vascular endothelial growth
factor signaling pathway inhibitors, and review the recommended antihypertensive
medications in this setting®3; and apply appropriate screening and reassessment for those on
active therapy.84-86
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Aggressive BP targets endorsed in the recent AHA/ACC BP guidelines should be considered
in cancer survivors considered CORE eligible, especially those with compromised left
ventricular function or patients on vascular endothelial growth factor signaling pathway
inhibitors.8” Reassessment of BP is recommended before each training session for patients
with cancer on active cancer therapies known to cause hypertension/hypotension.

Lipid Management

General: CR staff should determine the current levels of fasting total cholesterol, high-
density lipoprotein cholesterol, low-density lipoprotein cholesterol (or non-high-density
lipoprotein cholesterol if triglycerides are >400 mg/dL), and triglycerides from the patient’s
medical record or obtain levels if not available (wait 6 weeks after hospitalization before
blood testing) in all patients with CVVD; assess current medical treatment plan and patient
compliance; educate patient and family about a therapeutic lifestyle, including diet, exercise
training, lifestyle PA, and body fat loss; and set a goal low-density lipoprotein cholesterol of
<70 mg/dL or non-high-density lipoprotein cholesterol of <100 mg/d for those with existing
CVD.

Cancer Specific: In the primary CVD prevention setting, CR staff should use the ACC and
AHA cholesterol guidelines for lipid management, which recommend statin therapy for
CVD risk score =27.5% over 10-year period. The CVD risk score developed by the ACC and
AHA incorporates age, sex, total cholesterol, low-density lipoprotein cholesterol, systolic
BP, history of diabetes mellitus, and smoking history into a validated CVD risk algorithm.88
Pursnani et al®® demonstrated that patients with cancer identified as having elevated CVD
risk on the basis of the AHA/ACC CVD risk algorithm (=7.5% 10-year absolute CVD risk)
are also at heightened risk for cancer-related mortality in view of shared risk factors between
CVD and cancer. However, the CVD risk score does not take into account cancer therapies
such as mediastinal irradiation, which are associated with an increased risk of myocardial
infarction and cardiac-specific death independently from standard CVD risk factors,90-92
Therefore, the CVD risk algorithm may be helpful as a starting point for a discussion of the
use of lipid-lowering medication for cancer survivors as long as their therapy did not include
an exposure that would render the calculator invalid. CVD risk algorithms are published for
patients with certain site-specific cancers, including childhood cancer survivors?3:94 and
patients with breast cancer who received adjuvant trastuzumab.% If statin therapy is
recommended, a rereview of existing medications is needed to avoid potential drug-drug
interactions in patients with cancer.

Diabetes Mellitus Management

General: CR staff should confirm the presence or absence of diabetes mellitus in all patients
by reviewing the medical record; if the patient has diabetes mellitus, determine the presence
of complications such as autonomic or peripheral neuropathy, retinopathy, orthostatic
hypotension, chronic kidney disease, or peripheral artery disease; determine whether the
patient experiences symptoms related to diabetic complications or if episodes of
hypoglycemia or hyperglycemia occur; identify the healthcare provider who manages the
patient’s diabetes mellitus; test blood glucose levels before and after the initial supervised
exercise sessions to establish the patient’s glycemic response to exercise and to determine
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whether further routine testing is required; have policies in place for treating both
hypoglycemia and hyperglycemia; educate the patient about the potential interaction
between exercise training and glycemic control; reinforce the patient’s self-monitoring
skills; consider referral to a certified diabetes mellitus educator; consider referral to a
dietitian for medical nutrition therapy; set a hemoglobin A;. goal of <7%; and minimize the
likelihood of exercise training complications.

Cancer Specific: CR staff should recognize chemotherapeutic agents that worsen glucose
control (eg, phosphatidylinositol 3-kinase/AKT/mammalian target of rapamycin inhibitors,
androgen-deprivation therapy) and therapeutic exposures that increase the risk of diabetes
mellitus (eg, total body or abdominal irradiation),84.96.97 and refer patients with cancer with
diabetes mellitus to a certified diabetes mellitus educator and registered dietitian.

Tobacco (Nicotine) Cessation

General: CR staff should ask the patient about current and past use of tobacco and nicotine
products, including e-cigarettes; document tobacco/nicotine use status as never, former, or
current; specify the amount of exposure; if the patient is currently using these products,
assess readiness to change; discuss treatment strategies and resources; consider referral to a
nicotine cessation clinic or program; teach relapse prevention skills; and set a goal of
complete cessation of use and no exposure to environmental tobacco smoke.

Cancer Specific: CR staff should provide a referral to a smoking cessation program within a
cancer center or designated program within the institution.

Psychosocial Management

General: CR staff should identify psychosocial distress, especially depression, but also
anxiety, anger or hostility, social isolation, marital/family distress, sexual dysfunction, and
substance abuse; identify use of psychotropic medications; identify the healthcare provider
who provides care for the patient’s psychosocial distress; develop a supportive environment
in CR; offer individual or group counseling/education sessions; refer appropriate patients to
mental health professionals; and periodically reassess psychosocial health.

Cancer Specific: CR staff should develop a referral network of social work and mental
health professionals who support the care and treatment of patients with cancer, and work
with the primary oncology team to support psychosocial concerns.

PA Counseling

General: CR staff should assess current lifestyle PA level via a validated questionnaire or
step count with a pedometer or other technology; provide education/counseling on the
importance of increasing PA in the normal routine of daily life, emphasizing the health risks
of prolonged periods of sitting; and set a goal of an increase in habitual lifestyle PA and a
decrease in sedentary time.
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Exercise Training Counseling

General: CR staff should develop an individualized exercise prescription for each patient
that includes aerobic and resistance exercise, warm-up and cool-down activities, and
flexibility stretching exercises; specify frequency, intensity, types, or modes of exercise, as
well as duration and volume of training and the rate of progression of the exercise dose8:99;
prescribe both supervised and independent exercise sessions while the patient is enrolled in
CR; counsel the patient about cardiac warning signs and symptoms that may occur during
exercise and the proper responses to the warnings; and discuss goals that include lifelong
exercise training with the benefits of reduced cardiac symptoms and improved CRF, muscle
strength and endurance, and joint flexibility.

Cancer Specific: CR staff should develop an exercise prescription that is based on the
underlying structure of guidelines by the American College of Sports Medicine and
delivered by American College of Sports Medicine/American Cancer Society—certified
cancer exercise trainers. The CORE algorithm provides guidance on which patients may
benefit most from supervised exercise training in the CORE setting; this recommendation is
determined by prior exposures and symptoms. Figure 2 illustrates the potential benefits that
exercise training may confer to patients with cancer at heightened risk for CVD.

At CORE entry, the medical assessment performed by physician or midlevel provider
ascertains additional comorbidities that may affect an individualized exercise prescription
such as balance or musculoskeletal complaints (see the Patient Assessment section).
Resistance exercises should be based on both 1-repetition maximum (60%—70% 1-repetition
maximum leg and chest press) in concert with appropriate load to maintain optimal form for
8 to 10 repetitions until muscle fatigue for the major muscle groups. Moderate aerobic
exercise is recommended for patients with cancer00:101 on the basis of the best available
evidence, although determining moderate intensity can be challenging in a CORE population
given the use of B-blockers, the prevalence of autonomic dysfunction,102 and the use of
current therapies that affect resting heart rate. Therefore, formalized testing with
cardiopulmonary exercise testing allows objective guidance to determine the appropriate
intensity of aerobic exercise. A determination of moderate intensity based on perceived
exertion (rating of perceived exertion of 4-6 on the Borg scale [range, 0-10]) and peak heart
rate (50%—-70% peak heart rate) achieved during cardiopulmonary exercise testing can guide
moderate-intensity recommendations. Volume recommendations (frequency and duration of
exercise bout) should take into account prior exercise exposure/CRF, current cancer
therapies, and musculoskeletal/fracture risk. The initial exercise dose (intensity, volume as
described above) ultimately prescribed should be made in concert with a working knowledge
of the most up-to-date American College of Sports Medicine guideline recommendations for
patients with cancer. Behavioral change strategies to progress and develop consistent
exercise routine should be incorporated.103

Timing and Referral Considerations for CORE

The mode of delivery, schedule, and frequency of cancer therapies are unique to a particular
cancer and may differ considerably from patient to patient. Consequently, the type and
duration of treatment are highly individualized, as is the optimal time to begin a patient-
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specific rehabilitation program. Uptake of self-reported exercise levels after a diagnosis of
breast cancer is enhanced by an oncologist recommendation that is integrated into clinic
visits at the time of adjuvant chemotherapy.104 Incorporating exercise rehabilitation during
active treatment is in line with the UK model that advocates for the initiation of exercise
referral at the time of diagnosis and treatment.195 However, barriers such as fatigue, physical
deconditioning, and depression during regular treatments, some of which may be
debilitating, along with the associated side effects that the patient is coping with and the
regular follow-up appointments the patient has, raise the question of the most appropriate
time for patients with cancer to initiate exercise formally in a rehabilitation setting. Thus,
according to the presented CORE algorithm, referral is driven by exposures and symptoms,
not timing after a cancer diagnosis.

CENTER- VERSUS HOME-BASED CR AND OPTIONS FOR CORE

New models of CR delivery are being explored, such as home-based and community center—
based CR, to help improve participation by expanding its capacity and flexibility.107.108
Home-based CR involves components similar to those of center-based CR, but such services
are applied in locations that are more convenient for the patient (eg, in the patient’s home or
local exercise center) rather than the typical CR center (Figure 3). For patients with cancer,
both center- and home-based exercise programs are possible options, although consideration
of patient preference, safety, and efficacy is required. Patient preference for CORE may
differ, depending on the timing of exercise related to the phase of diagnosis, intervention,
and recovery. Center-based programs may be more realistic for patients with cancer who are
preparing for or have completed their most intensive surgical, chemotherapy, and radiation
therapy interventions and thus have fewer structured medical appointments. Center-based
programs may be advantageous for pursuing reimbursement by third-party payers because
there currently is no reimbursement for non—center-based rehabilitation for CVD or cancer.
However, home-based programs may have an advantage for providing lower-cost, more
convenient options for CORE, especially for those who are deemed safe to exercise (Table
4). Whether a center- or home-based program is chosen, measuring the efficacy of CORE,
with a particular focus on the individual’s response to the dose and type of exercise, is
important.

REIMBURSEMENT FOR CR AND CORE

Reimbursement is well established for center-based CR, is based on a large body of
supporting evidence, and requires physician referral and medical supervision,109.110
Reimbursement for centered-based CR was first established in 1982 for patients who
experienced a recent myocardial infarction, coronary artery bypass graft surgery, or stable
angina.”® Unfortunately, no reimbursement strategy is currently available to provide access
to a multimodality CR program for patients with cancer. This scientific statement is a first
step to pave the way for reimbursement for patients with cancer within the CR model.
Further work is needed to establish the science base for CR in the cancer population and to
generate guidelines and accompanying policy metrics to shape referrals and reimbursement.
In the future, possible options for reimbursement include patient self-pay, direct contracting
with employers/private insurance companies, or coverage by governmental payers. An
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additional pathway, growing in use across the United States, is a global or bundled payment
for care rendered to a patient with a diagnosis or condition over a specific period of time.
Institutions and payers establish the financial and health outcomes of the bundle, the
components of care to be included, and the risk-sharing aspects.

RESEARCH GAPS FOR CORE

Research needed to move toward referral and reimbursement for CORE among patients with
cancer includes (1) developing and conveying the evidence base for CORE to patients and
families, clinicians, health systems, payers, and employers; (2) demonstrating which patients
are most likely to benefit and, when possible, showing improved economic outcomes (eg,
downstream healthcare use, ability to return work); (3) identifying the most effective,
efficient, and patient-centric delivery practices in varied settings to quickly adopt what
program components work; (4) testing the impact of CORE on cardiac-specific outcomes in
patients with cancer (often, these efforts to implement best practices highlight significant
gaps in evidence, providing a great opportunity to engage health services researchers,
particularly experts in the implementation of science and patient-reported outcomes); (5)
creating automatic or opt-out referral systems and stratifying participation data by cancer
type, stage, and cardiac risk level to help ensure participation by all who can benefit; and (6)
defining and testing the effects of embedding a small set of metrics in quality reporting and
performance programs, ideally in both fee-for-service models and value-based arrangements.

CONCLUSIONS AND FUTURE DIRECTIONS

Given the available evidence on the risk of CVD in patients with cancer and the benefits of
exercise to reduce CVD risk in the general population, there is a great need to develop and
test programs specific to the care of patients with cancer. Previous success in incorporating
exercise into the CR setting is reviewed here, along with an algorithm to stratify patients
with cancer who may benefit most from supervised exercise using a CORE model.
Nevertheless, challenges remain. CR staff are not currently educated on the complex issues
that affect patients with cancer, as detailed in this document. The responsibility of
identifying and referring patients with cancer at risk for cardiac dysfunction remains in the
hands of oncology and primary care providers. Although cardiologists have traditionally
worked with oncology teams after cardiac toxicities have already occurred, a proactive
stance is now needed between cardiologists and oncologists to develop CORE. CR programs
across the country need to develop an infrastructure to provide services aligned with the
unique exposures and needs of patients with cancer as described in this statement. The
effects of cancer stage, treatment types, and modulating variables need to be clarified when
identifying the periods of greatest physical decline and potential recovery. CR participation
is already established to reduce CVD events in those with established myocardial infarction;
patients undergoing coronary artery bypass graft surgery or percutaneous coronary
intervention; and symptomatic patients with angina pectoris, chronic stable systolic heart
failure, and heart valve repair or replacement. Research is needed to demonstrate a reduction
in cardiac dysfunction among patients with cancer enrolled in CORE, thereby enhancing
referrals and the likelihood of insurance coverage for patients with cancer. If realized, CORE
has the potential to grow exponentially within an existing CR infrastructure, thus providing a
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widely accessible multimodality program to patients with cancer across the United States
that is not presently available.
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Repeat algorithm if complete program or change in exposure or symptom/dx

Page 24
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Figure 1. Cardio-oncology rehabilitation (CORE) algorithm for patients with cancer.
Risk factors (RFs) include hypertension, dyslipidemia, diabetes mellitus, smoking, and

obesity. CABG indicates coronary artery bypass graft; CV, cardiovascular; dx, diagnosis;
Hx, history; LVEF, left ventricular ejection fraction; MI, myocardial infarction; OT,
occupational therapy; PCI, percutaneous coronary intervention; and PT, physical therapy.
*High-dose anthracycline (eg, doxorubicin =250 mg/m?); high-dose radiotherapy (RT; =30
Gy) where the heart is in the treatment field; or lower-dose anthracycline + lower-dose RT
(<30 Gy). ** Other therapies should be reviewed by treating healthcare provider to
determine appropriateness for community-based program vs need for consultation or other
testing.

Circulation. Author manuscript; available in PMC 2020 November 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Gilchrist et al.

Page 25

Multtiple-hit Exerdise fo prevent/ freat multiple-hit

Baseline risk factors
Obesity, hypertension, age

‘Direct’ injury finess T
Anticancer therapy + QoL Ti
- Faligue

‘Indirect’ injury
Secondary to therapy
(deconditioning, weight gain)

Figure 2.
Potential benefits that exercise training may confer to patients with cancer at heightened risk

for cardiovascular (CV) disease.
QOL indicates quality of life.
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Key Strategies for Cardiac Rehabilitation Services
* Well-trained multidisciplinary team

* Baseline patient assessment

* Evidence-based treatment plan

* Assessment of patient progress

* Adjustment of treatment plan as indicated

* Long-term follow-up plans

4

Key Adaptations for Home-based Cardiac Rehabilitation Activities
* Communication links with CR Team
* Smartphone-based strategies
* Wearable devices for reminders, tracking, reporting
* Treatment plan adjusted to home-setting
* Patient self-directed activities
* Monitoring of adherence to treatment plan
* Tracking progression in exercise and nutrition plans

* Adjusting treatment plans with help of care team

Figure 3.

Key strategies and activities of home-based cardiac rehabilitation (CR) services.
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Studies of Exercise on Clinical and CVD Outcomes in Patients With Cancer in the Adjuvant and Postadjuvant

Table 1.

Setting
Setting Clinical Outcomes Cardiovascular Outcomes
Adjuvant
Breast I CVD events?? 123 <24 |25 CRF
| CAD mortality?? | LVEF?%
Prostate * CRF27
Colorectal T CRF
Mixed (meta-analysis) * CRF2!
Postadjuvant
Breast I CVD events?® < 1 CRF
I All-cause mortality?® 1 Vascular function
Prostate * CRF30
1 Vascular function3®
< Lipid profile3®
<> Blood pressure3?
ASCC | CVD events®!
 All-cause mortality3!
Testicular * CRF32
1 Vascular function®?
* Framingham Risk Score32
Colorectal I All-cause mortality?° 133 >34 CRF
Leukemia * CRF%®
Lymphoma 1 CRF3
Mixed (meta-analysis) * CRF2!

Downward-pointing arrow (V) indicates a decrease; upward-pointing arrow (1) indicates an increase; and sideways-pointing arrow (<) indicates no
change. ASCC indicates adult survivors of childhood cancer; CAD, coronary artery disease; CRF, cardiorespiratory fitness; CVD, cardiovascular

disease; and LVEF, left ventricle ejection fraction.
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Table 3.
Safety Check for Exercise Training in CORE

Normal testing

CPET7:

Resting BP <160/90 mm Hg *

Normal BP response to exercise

No inducible ischemia

No atrial or ventricular arrhythmias

Maintain normal O, saturations

No symptoms t

6-min walk test’2

Resting blood pressure <160/90 mm Hg *

Maintain normal O, saturations

Laboratory studies

Absence of severe anemia (<8.0 g/dL)

Absolute neutrophil count >500 mm3

Platelet count >50 000/uL

No baseline symptoms

Acute nausea during exercise

Vomiting within 24 h

Disorientation

Blurred vision

Ongoing cancer complications

Acute infection

Acute metabolic disease?

New-onset lymphedema

Mental or physical impairment to exercise

Initial wound healing after surgery

Bone or brain metastasis®

Displays exercise knowledge

Understands functions of aerobic and resistance equipment

Demonstrates correct form on equipment

Understands perceived exertion and heart rate goals; performs exercise accordingly

BP indicates blood pressure; CORE, cardio-oncology rehabilitation; and CPET, cardiopulmonary exercise testing.
*

If elevated, recheck after 5 minutes. If still elevated, then reschedule CPET after patient is seen by provider to adjust BP medications.
fSymptoms such as dyspnea, chest pain, or dizziness or other cardiac symptoms during exercise deemed abnormal by supervising physician.

’tExampIes include abnormal thyroid function, uncontrolled diabetes mellitus, and electrolyte abnormalities.
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§For patients with bone or brain metastases, a plan in CORE needs to include a consultation with oncology rehabilitation to establish a patient-
specific safe exercise plan.
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Table 4.

Core Components of CORE

CR

CORE

Patient assessment

Review cancer therapies and potential side effects

Assess health conditions impairing exercise

Assess for lymphedema, ostomy, and infection risks

Review for metastatic disease, presence/stage, and readiness for exercise vs cancer rehabilitation if bony
metastasis

Review complete blood cell count

Screen for depression, fatigue, and quality of life

Perform cardiopulmonary assessment

Nutrition counseling

Cancer-specific nutritional recommendations (eg, National Comprehensive Cancer Network)

Involve dietitians who specialize in cancer

Weight management

Assess weight management issues—weight loss, loss of lean muscle mass, and gain in fat mass—that are
cancer specific

Tailor aerobic and resistance training accordingly

BP management

Review chemotherapeutic agents and molecularly targeted drugs causing hypertension such as VEGF
signaling pathway inhibitors

Appropriately screen and reassess for those on active therapy

Lipid/lipoprotein management

Primary CVD prevention setting: ACC and AHA cholesterol guidelines for lipid management, which
recommend statin therapy for CVD risk score 27.5% over 10-y period

Recognize setting when CVD risk score not valid

Diabetes mellitus management

Recognize chemotherapeutic agents that worsen glucose control

Tobacco cessation

Provide referral to smoking cessation program within cancer center

Psychosocial management

Develop referral network of social work and mental health professionals who support the care and treatment
of patients with cancer

PA counseling

Emphasize the health risks of prolonged periods of sitting; goal is an increase in habitual lifestyle PA and a
decrease in sedentary time

Exercise training

Aerobic and resistance exercise training prescription based on ACSM guidelines specific to patients with
cancer

Supervised exercise training in the CORE setting

Incorporation of behavioral change strategies demonstrated effective for cancer patients and survivors

ACC indicates American College of Cardiology; ACSM, American College of Sports Medicine; AHA, American Heart Association; BP, blood
pressure; CORE, cardio-oncology rehabilitation; CR, cardiac rehabilitation; CVD, cardiovascular disease; PA, physical activity; and VEGF,

vascular endothelial growth factor.
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