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ABSTRACT

Background. The purpose of this study was to investigate the
extentofpre-exerciseparticipation (“preparticipation”)health
screening in a heterogeneous cohort of adult cancer patients.
Methods. Patients (n 5 413) with histologically confirmed
solid or hematologic malignancy were categorized into
preparticipation health screening risk stratification based on
American College SportsMedicine (ACSM) recommendations.
Risk of an exercise-related event was evaluated during a
symptom-limited cardiopulmonary exercise test (CPET) with
12-lead electrocardiography (ECG).
Results. Participant risk was categorized as low risk (n 5 59,
14%), moderate risk (n 5 217, 53%), and high risk (n 5 137,
33%).Mean peakoxygen consumptionwas 21.766.7mL/kg21

per minute21 or 19.56 21.7% below age- and sex-predicted

sedentary values. No major serious adverse events or fatal
events were observed during CPET procedures. A total of 31
positive ECG tests were observed, for an event rate of 8%.
ACSM risk stratification did not predict the risk of a positive
test. Age, statin use, antiplatelet therapy use, cardiovascular
disease, prior treatment with anthracycline or radiation
therapy, and being sedentary were predictors of a positive
test (all p, .10).
Conclusion.The patient risk-stratification profile strongly
suggests that the use of formalized preparticipation health
screening is required in all oncology scenarios; however, riskof
an exercise-induced event is low, suggesting that the use of
exercise testing isnot required forpre-exercise clearance in the
majority of patients. The Oncologist 2014;19:999–1005

Implications for Practice:We studied the use of pre-exercise clearance to optimize the safety and efficacy of exercise training in
patientswith cancer.Themajorityof patientswith solidor hematologicmalignancieswere classified asmoderateorhigh risk foran
exercise-related event, creating a strong rationale for mandatory formalized cardiovascular screening for all oncology patients
beforeexerciseparticipation. Basedon the lowabsolute incidence ofevents, exercise testing in pre-exercise screening clearance is
not required for themajorityof cancer patients.We found thatwidely utilized screening recommendationshave suboptimal utility
in cancer patients, highlighting the urgent need for the development of oncology-specific criteria.

INTRODUCTION

Meta-analyses and systematic reviews conclude that physical
activity and structured exercise training can prevent or
mitigate a number of physiological and psychosocial sequelae
associated with cancer and cancer therapy [1–3]. Based on
this evidence, several international agencies have published
cancer-specific exercise guidelines for cancer patients both
during and following the completion of primary therapy [4–7].
In light of these guidelines, together with strong interest from
patients [8], an increasing clinical conundrum facing oncology
professionals is how to appropriately screen patients prior to
exercise participation.

The risk of an adverse cardiovascular event during light- to
moderate-intensity exercise in healthy individuals is low;

therefore, the benefits of regular exercise far outweigh the
potential risks [9, 10]. Nevertheless, the incidence of serious
adverse events (SAEs; life threatening; e.g., myocardial
infarction, sudden cardiac death) during structured exercise
training in cardiac patients is 10 times that of healthy
individuals [11]. Hence, the risk of an exercise-related event
is dependent on the extent of underlying concomitant
comorbid disease.

Cancer patients are often older, and 30%–80% will either
have overt cardiovascular disease (CVD) or be at risk of
developing of CVD at the time of cancer diagnosis [12]. In
addition, normal age-related pathologies are also com-
pounded by the direct and indirect effects of anticancer
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therapy [13] Consequently, cancer patients may be at
heightened risk of an exercise-related event. Pre-exercise
participation (“preparticipation”) health screening guidelines
are established for noncancer clinical populations [14]. Most
guidelines stratify individuals into low-, moderate-, and high-
risk categories based on demographic and medical variables.
However, no study to date has formally evaluated the
appropriateness of existing preparticipation health screening
guidelines in the oncology setting.

Accordingly, the purpose of this study was to evaluate the
need and extent of preparticipation health screening in
a heterogeneous cohort of adult cancer patients. To inform
the development of oncology-specific screening guidelines,
a secondary purpose was to explore the demographic and
medical predictors of exercise-related events.

METHODS

Study Population and Preparticipation
Risk Stratification
Patients (n 5 413) with histologically confirmed diagnosis of
a solid or hematologic malignancy potentially eligible for
research studies in the Cardio-Oncology Research Laboratory
atDukeUniversityMedical Center (Durham,NC)were studied.
Data were retrospectively evaluated in the following research
studies: cross-sectional studies evaluating exercise capacity
following the completion of primary adjuvant therapy or as
a baseline screening tool to assess study eligibility for
randomized controlled trials investigating the efficacy of
supervised exercise training interventions. Additional inclu-
sion criteria were .18 years or age, no contraindications to
a symptom-limited cardiopulmonary exercise test (CPET) [15,
16], and primary oncologist or cardiologist approval.

On the basis of medical chart review, all participants were
categorized into preparticipation risk stratification categories
basedonAmericanCollegeSportsMedicine (ACSM)guidelines
(supplemental online Table 1) [17]. Institutional review board
approval was received and written informed consent was
obtained from all patients prior to the commencement of any
study-related procedures.

Clinical Parameters and Performance Status
Demographic and medical characteristics were abstracted
from electronic medical chart review. Performance status was
evaluated by the attending oncologist using the Karnofsky
performance scale. Exercise behavior was assessed by self-
report using the Godin Leisure Time Exercise Questionnaire
[18]. Blood levels of fasting glucose and low-density lipopro-
tein were assessed at study entry.

Cardiopulmonary Exercise Testing
All participants performed a symptom-limited CPET on a
motor-driven treadmill (T-2100; GE Healthcare, Little
Chalfont, U.K., http://www.gehealthcare.com) or an electron-
ically braked cycle ergometer (Lode Inc., Groningen, Nether-
lands, http://www.lode.nl/en/)with breath-by-breath expired
gas analysis (TrueOne 2400; Parvo Medics, Sandy, UT,
http://www.parvo.com) to assess peak oxygen consumption
(VO2peak). All tests were conducted by two certified exercise
physiologists, according to standard guidelines [15, 16]. In

brief, to stabilize gas measurement, 3 minutes of resting
metabolic data were collected prior to exercise initiation.
Workload increments (every 2minutes for treadmill and every
1 minute for bike) were determined by the clinical condition
of the participant and the metabolic response to exercise.
All participants were monitored continuously with 12-lead
electrocardiography (ECG) during exercise and 5 minutes of
recovery. During exercise, oxyhemoglobin saturation was
monitored continuously using finger pulse oximetry, whereas
blood pressure was measured manually by auscultatory
sphygmomanometer every 2 minutes. All data were recorded
as the highest 30-second value elicited during exercise testing.
Mean percentage of age- and sex-predicted peak heart rate
and VO2peak was calculated from the equation provided by
Jones et al. [19] and Fitzgerald et al. [20] for women and by
Wilson and Tanaka [21] for men.

Exercise-Related SAEs and Positive Test Criteria
Exercise-related events were operationalized as any event
occurring during CPET procedures. SAEs were defined as the
occurrence of any of the following: significant angina,
sustained ventricular tachycardia, myocardial infarction, ex-
ternal defibrillation or implantable cardioverter-defibrillator
discharge, syncope, provision of cardiac life support medi-
cations, direct admission to the emergency room, or death.
A positive test was defined as identification of any of the
following ECG changes: significant ischemic changes in ECG
during exercise or recovery or development of exercise-
induced bundle-branch block [22]. Criteria for ischemic
changes in ECG included 0.1 mV deviation of the ST segment
horizontal to or away from the baseline isoelectric line at 0.08
second after the J-point in the absence of significant resting
ST-T abnormalities or left bundle-branch block. ST-segment
changes toward the isoelectric line were not considered
positive, regardless of themagnitudeof change. If the baseline
ECG revealed a J-ST-segment depression .0.05 mV, “double
criteria” (an additional 0.2 mV) of ST depression was required
withtheappropriatehorizontalordownslopingmorphology to
qualify as a positive test [23]. A single interpreter (A.A.K.)
performed all ECG interpretation in a blinded fashion.
Interobserver reproducibility for positive tests was assessed
by repeating measurements in 20 randomly selected subjects
(M.G.K.; no discrepancies were observed).

Statistical Analysis
Descriptive statistics were used to assess demographic and
medical characteristics of the participants. For categorical
parameters, Cochran-Armitage trend tests were used to
examine trends across ACSM risk classifications (low, moder-
ate, high risk) and Fisher’s exact tests were used to examine
differences in patients based on exercise test results (positive
versus negative), whereas analysis of variancewas used to test
foroverall differences incontinuousvariables;posthoc (Tukey)
analysis was used for pairwise comparisons, when appropri-
ate. To examine demographic and medical predictors of
a positive exercise test, we first examined the univariate
associations using logistic regressionmodels for each possible
predictor individually; allpredictorswithp, .10were included
as candidate predictors in the multivariate model. Logistic
regression using backward selection was used to develop the
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bestmodel. All p values for between-group comparisons were
performed with and without Bonferroni adjustment to
account for multiple comparisons. Results are presented with
adjustedanalyses.A two-sided significance levelofp5 .05was
used for all statistical tests. All statistical analyses were
conducted using SAS version 9.3 (SAS Institute, Cary, NC,
http://www.sas.com).

RESULTS

Clinical Characteristics and Preparticipation
Risk Stratification
Details regarding the profiles of the participants are provided
in Table 1. Participants were categorized according to ACSM
recommendationsas lowrisk (n559,14%),moderaterisk (n5
217, 53%), and high risk (n5 137, 33%). Patients classified as
low risk were younger, reported higher exercise behavior, and
had fewercomorbiddiseases and/or lowerdiseasemedication
use in comparison with patients classified as moderate and
high risk (all p, .05).

Exercise Testing Data
For the overall sample, mean VO2peak was 21.76 6.7mL/kg21

per minute21 (range: 8.4 mL/kg21 per minute21 to 45.2 mL/
kg21perminute21), theequivalentof19.5621.7%belowage-
and sex-predicted sedentary values (or 5.1 6 1.2 metabolic
equivalents).VO2peak declined across increasing risk classifica-
tion (from low to high risk, all p , .05) (Table 2). Sixty-two
patients (15%) had severely marked impairments in VO2peak

(,14 mL/kg21 per minute21).

Preparticipation Risk Stratification and
Exercise-Related SAEs
For the overall sample, no major SAEs were observed during
CPETprocedures.A total of 31positive testswereobserved, for
an event rate of 8% (Table 3). The incidence of positive tests
increased across ASCM risk stratification: 3.4% (2 of 59) for
low-risk patients, 7.4% (16 of 217) for moderate-risk patients,
and 9.5% (13 of 137) for high-risk patients; the differences
betweengroupswasnotsignificant(p. .05).Ofthepositivetests,
27 (87%) were ischemic ECG changes reflected by significant
ST-segment depression and 4 (13%) were exercise-induced
bundle-branch blocks. All patients with a positive test were
referred for further evaluation to their primary care physician
and/or cardiologist, as appropriate (supplemental online
Table 2). Of these, four were diagnosed with nonocclusive
coronary artery disease, left anterior descending ischemia, or
unchanged aortic stenosis; two were started on beta-blocker
medication, and one underwent vagal maneuver. The type
and extent of evaluationwas at the discretion of the attending
physician and did not necessarily include a full clinical stress
test; 7 of the 31 patients with a positive test (under our
laboratory conditions) subsequently underwent a full clinical
stress test, with clinically significant disease confirmed in 4
(57%).

Predictors of an Exercise-Induced Positive Test
Age, statin use, antiplatelet therapy use, history of CVD
(cardiac, peripheral artery, or cerebrovascular disease), history
of anthracycline therapy or radiation therapy, diagnosis of

glioblastoma multiforme, and not meeting national exercise
guidelines were significant predictors of a positive test (all
p, .10). Exploratory logistic regressionanalyses indicated that
history of cardiovascular disease was the only independent
predictor of an exercise-related positive test (odds ratio: 4.311;
95% confidence interval: 1.891–9.829; p5 .001).

DISCUSSION

Theprincipal findings of this studywere as follows. First, in this
heterogeneous cohort, the majority of cancer patients were
classifiedaseithermoderateorhigh risk forhavinganexercise-
related event according to established preparticipation
health screening guidelines [17]. Second, the risk of major
SAEs duringmaximal exercise testingwas very low (therewere
no major SAEs); the positive test event rate was 8%. Third,
widely utilized preparticipation screening recommendations
developed in noncancer clinical populations may be sub-
optimal for use in the oncology setting.To our knowledge, this
study is the first to formally evaluate the appropriateness (and
the need for) preparticipation health guidelines in patients
with cancer.

Cancer patients represent a population at potentially
higher risk for exercise-related events due to normal age-
related pathologies in conjunction with the compounding
effects of anticancer therapy [13]. The initial objective of our
study was to evaluate the preparticipation risk-stratification
distribution inour cohort [14].More than85%ofpatientswere
classified as moderate or high risk, with only ∼15% classified
as low risk. Indeed, 30%–40% of patients had at least one
documented CVD risk factor (e.g., hypertension, hyperlipid-
emia), whereas 15%–18% had documented overt CVD or
pulmonary disease. Finally, exercise capacity (VO2peak) was, on
average, ∼20% below that of age-matched sedentary but
otherwise healthy individuals; 15%had a VO2peak,14mL/kg21

per minute21, the threshold criteria for referral for heart
transplantation in patientswith heart failure. On this basis, we
contend that formalized preparticipation health screening
using either the ACSM risk stratification guidelines or other
available tools (e.g., PhysicalActivityReadinessQuestionnaire)
should be required for all oncology patients prior to the
initiation of any exercise program.

There is currently a lackof consensus regarding the level of
preparticipation health screening required in clinical popula-
tions, particularly incorporationofexercise testing [17, 24, 25].
Some organizations advocate for exercise testing of patients
at high risk of CVD prior to engaging in moderate-intensity
exercise [25],whereasothers recommend thatexercise testing
is not required [24]. We observed no SAEs (life threatening),
indicating that the risk of a cardiovascular event during
maximal exercise (i.e., CPET) is very low in a heterogeneous
population of cancer patients. The low incidence rate is
consistent with prior work in noncancer clinical populations,
for which SAE rates during maximal exercise testing are re-
ported as 0.5 per 100,000 tests in healthy individuals and 2–5
per 100,000 tests in patientswith CVD [11, 26, 27]. Despite the
lack of major SAEs, we observed a positive-test event rate of
8%,which is lower than that reported in comparable studies in
other noncancer cohorts of a similar age range. In 825 healthy
volunteers (aged 22–89 years) enrolled in the Baltimore
Longitudinal Study of Aging, for example, Rywik et al. [28]
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Table 1. Demographic and medical characteristics of participants

Variable
All patients,
N5 413 (100%)

Low risk,
n5 59 (14%)

Moderate risk,
n5 217 (53%)

High risk,
n5 137 (33%) pa

Age (years) 586 11 456 12 586 9 626 10 ,.001b

Female, (%) 253 (61) 43 (73) 139 (64) 71 (52) NS

Weight (kg) 816 17 696 11 826 16 846 18 ,.001cd

BMI (kg/m2) 286 5 246 3 286 5 296 6 ,.001cd

Tumor diagnosis

Early stage breast cancer 145 (35) 24 (41) 92 (42) 29 (21) .047

Metastatic breast cancer 37 (9) 6 (10) 17 (8) 14 (10) NS

Genitourinary malignanciese 72 (17) 2 (3) 39 (18) 31 (23) NS

Lung cancer 78 (19) 4 (7) 30 (14) 44 (32) ,.001

Glioblastoma multiforme 41 (10) 12 (20) 18 (8) 11 (8) NS

Hematologic malignanciesf 39 (9) 11 (19) 21 (10) 7 (5) NS

Prior treatment with chemotherapy 201 (49) 32 (54) 112 (52) 57 (42) NS

Prior treatment with anthracycline-containing regimen 115 (28) 28 (47) 65 (30) 22 (16) ,.001

Prior treatment with radiotherapy 174 (42) 30 (51) 99 (46) 45 (33) NS

Prior treatment with endocrine therapy 42 (10) 7 (12) 23 (11) 12 (9) NS

Current treatment with chemotherapy 81 (20) 20 (34) 38 (18) 23 (17) NS

Current treatmentwith anthracycline-containing regimen 9 (2) 3 (5) 5 (2) 1 (1) NS

Current treatment with radiotherapy 9 (2) 3 (5) 5 (2) 1 (1) NS

Current treatment with endocrine therapy 119 (29) 21 (36) 74 (34) 24 (18) NS

Current tobacco smoking 28 (7) 1 (2) 15 (7) 12 (9) NS

Comorbid conditionsg

Hypertension 175 (42) 0 (0) 85 (39) 90 (66) ,.001

Hyperlipidemia 121 (29) 1 (2) 61 (28) 59 (43) ,.001

Diabetes mellitus 44 (11) 0 (0) 0 (0) 44 (32) ,.001

CVD 48 (12) 0 (0) 0 (0) 48 (35) ,.001

Pulmonary disease 74 (18) 0 (0) 0 (0) 74 (54) ,.001

Family history of CVD 117 (28) 6 (10) 63 (29) 48 (35) NS

Arrhythmia 15 (4) 1 (2) 4 (2) 10 (7) NS

None of these comorbid conditions 123 (30) 51 (86) 72 (33) 0 (0) ,.001

Medications

Beta-blocker 54 (13) 1 (2) 23 (11) 30 (22) .003

ACE-I 59 (14) 0 (0) 29 (13) 30 (22) .006

ARB 32 (8) 0 (0) 13 (6) 19 (14) .029

Diuretic 85 (21) 0 (0) 41 (19) 44 (32) ,.001

Calcium channel blocker 40 (10) 0 (0) 17 (8) 23 (17) .010

Aspirin or other antiplatelet 118 (29) 3 (5) 43 (20) 72 (53) ,.001

Statin 114 (28) 1 (2) 51 (24) 62 (45) ,.001

None of these medications 181 (44) 54 (92) 99 (46) 28 (20) ,.001

Current exercise behavior

Meeting ACSM national guidelines 128 (31) 38 (64) 57 (26) 33 (24) ,.001
aBonferroni-adjustedp value. For categorical variables: Cochran-Armitage trend test p value. Significance indicates that, as risk increases, the proportion
of patients with the condition increases or decreases. For continuous variables: analysis of variance p value: Significance indicates overall difference
between risk groups, with pairwise differences indicated by the following categories: all risk groups are significantly different, low- and moderate-risk
groups are significantly different, low- and high-risk groups are significantly different, moderate- and high-risk groups are significantly different.
bAll risk groups are significantly different.
cLow- and moderate-risk groups are significantly different.
dLow- and high-risk groups are significantly different.
eGenitourinary cancer includes prostate cancer, bladder cancer, castration-resistant prostate cancer, or renal cancer.
fHematologic malignancies include acute myeloid leukemia, multiple myeloma.
gCVD: cardiac, peripheral artery, or cerebrovascular disease. Pulmonarydisease: chronic obstructivepulmonarydisease, asthma, interstitial lung disease,
or cystic fibrosis. Metabolic disease: diabetes mellitus (type 1 or type 2), thyroid disorders, and renal or liver disease.
Continuous variables are reported as mean6 SD and categorical variables are reported as n (%).
Abbreviations: ACE-I, angiotensin converting enzyme inhibitor; ACSM, American College of Sports Medicine; ARB, angiotensin II receptor blocker; BMI,
body mass index; CVD, cardiovascular disease; NS, not significant; TBI, total body irradiation.
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observed ischemic ST-segment changes in 25.9% of subjects
either during or after maximal exercise testing. Similarly,
Hirotani et al. [29] reported a positive stress incidence rate of
16.9% in patients with chronic respiratory diseases without
a history of CVD.

It is noteworthy that our positive test incidence rate
was observed in a cohort that had undergone multigated
health screening to determine research study eligibility.

Consequently, our findings may underestimate the actual
incidence of positive tests in the broaderoncology population.
Large prospective studies are required to adequately address
this question. In the interim, we contend our findings support
the conclusion that maximal CPET is a relatively safe and
tolerableprocedureforpatientswithcancer,butexercisetesting
does not need to be incorporated as part of preparticipation
health screening clearance for the vast majority of patients.

Table 2. Peak exercise testing data

Variable All patients, N5 413 Low risk, n5 59 Moderate risk, n5 217 High risk, n5 137 pa

Heart rate (bpm21) 156.66 23.5 170.76 19.4 158.16 22.9 148.36 22.7 ,.001b

Heart rate (bpm21),
predicted (%)

23.66 12.4 22.16 10.7 22.46 12.6 26.16 12.6 NS

Cardiac reserve (bpm21)c 75.96 22.5 88.66 19.6 77.86 22.3 67.56 20.7 ,.001b

Systolic blood pressure (mmHg) 162.76 21.5 154.46 21.4 164.46 21.0 163.76 21.6 NS

Diastolic blood pressure (mmHg) 77.26 12.1 75.16 12.6 78.36 12.4 76.36 11.4 NS

SpO2 (%) 95.96 2.1 96.96 1.2 95.76 2.2 95.96 2.0 NS

VO2peak (mL/kg-1 per minute21) 21.76 6.7 26.66 6.0 22.16 6.4 18.96 6.2 ,.001b

Median (range) 21.1 (8.4–45.2) 27.3 (12.0–38.8) 21.7 (9.4–45.2) 17.8 (8.4–41.7)

VO2peak ,14 mL/kg-1 per minute21,
no. (%)

62 (15) 2 (3) 25 (12) 35 (26) .001

VO2peak (L/minute21) 1.76 0.6 1.86 0.5 1.86 0.6 1.66 0.6 NS

O2 pulse (L O2 per beat) 11.26 5.2 10.66 2.6 11.76 6.4 10.66 3.3 NS

RER$1.10, no. (%) 285 (69) 46 (78) 152 (70) 87 (64) NS
aBonferroni-adjusted p value. For categorical variables: Cochran-Armitage trend test p value. Significance indicates that as risk increases, the proportion
of patients with the condition increases or decreases. For continuous variables: analysis of variance p value. Significance indicates overall difference
between risk groups, with pairwise differences indicated by the following categories: all risk groups are significantly different, low- and moderate-risk
groups are significantly different, low- and high-risk groups are significantly different, moderate- and high-risk groups are significantly different.
bAll risk groups are significantly different.
cCardiac reserve calculated as peak heart rate2 resting heart rate.
Data presented as mean6 SD for continuous data and n (%) for categorical data.
Abbreviations: NS, not significant; RER, respiratory exchange ratio; SpO2, oxygen saturation; VO2peak, peak oxygen consumption.

Table 3. Abnormalities and complications at rest and during exercise testing

Variable All patients, N5 413 Low risk, n5 59 Moderate risk, n5 217 High risk, n5 137 pa

ECG result

Positive 31 (8) 2 (3) 16 (7) 13 (9) NS

Negative 382 (92) 57 (97) 201 (93) 124 (91)

Type of event

ST depression 27 (87) 2 (100) 15 (94) 10 (77) NS

Bundle branch block 4 (13) 0 (0) 1 (6) 3 (23) NS

Abnormalities at rest

At least 1 ECG abnormality 218 (53) 30 (51) 104 (48) 84 (61) NS

At least 2 ECG abnormalities 63 (15) 3 (5) 27 (12) 33 (24) .018b

Abnormalities during exercise

Any ECG abnormalities 147 (36) 13 (22) 81 (37) 53 (39) NS

Abnormalities at peak exercise

Any ECG abnormalities 72 (17) 5 (8) 35 (16) 32 (23) NS

Abnormalities during recovery

Any ECG abnormalities 163 (39) 12 (20) 77 (35) 74 (54) NS
aBonferroni-adjusted p value. For categorical variables: Cochran-Armitage trend test p value. Significance indicates that as risk increases, the proportion
of patients with the condition increases or decreases.
bLow- and high-risk groups are significantly different.
Abbreviations: ECG, electrocardiogram; NS, not significant.
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Despite this broad recommendation, a relatively small
subsetof patients (,10%)maybeathigher risk foranexercise-
related event, and exercise testing may be beneficial for this
group. To this end, an important practical goal is to accurately
identify those patients truly at high risk of having an exercise-
related event. Given the lack of oncology-specific pre-
participation recommendations, we tested the utility of the
widely utilized ACSM preparticipation health screening
guidelines. In support of these guidelines, the incidence of
positive tests increased across ASCM risk stratification;
however, stratification did not significantly discriminate
between low-, moderate-, and high-risk groups. Furthermore,
the proportion of positive tests in patients classified as
moderate or high risk was comparable (7% versus 9%).
Consequently, ACSM risk stratification may have suboptimal
appropriateness in the oncology setting, at least for predicting
the risk of a positive test. This underscores the need for the
development of evidence-based, oncology-specific preparti-
cipation screening guidelines [30]. In exploratory analyses, we
identified several candidate factors associated with the risk
of a positive test, including noncancer factors (CVD or CVD
medication) and cancer-specific factors (e.g., treatment
anthracycline or radiation).Validation in an independent data
set is required.

This study has important limitations. Foremost, important
selection biases exist because all patients underwent research
study eligibility screening, received oncologist approval for
exercise-testing procedures, and volunteered to participate in
a research study. Consequently, our results are not generaliz-
able to an unscreened adult cancer cohort outside the context
ofa research study. Inaddition, thesample sizes insomecancer
diagnoses and treatment categories were small, providing
limited statistical power to appropriately test the utility of
cardiovascular and pre-exercise screening guidelines. Finally,

the number of events was low, providing limited power to
detect group differences.

CONCLUSION
The use of formalized preparticipation health screening is
required in all oncology patients prior to the initiation of
exercise. However, the risk of an exercise-induced event is very
low, suggesting that exercise testing is not required as part of
screeningprocedures in themajorityof patients.Widely utilized
screening recommendations have suboptimal validity in cancer
patients, highlighting the urgent need for the development of
oncology-specific criteria. Our findings provide important and
timely information for exercise and oncology professionals to
facilitate effectivepreparticipationhealth clearance tooptimize
the safety and benefits of exercise for patients with cancer.
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