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Background and aims. Functional capacity measured with cardiopul-
monary exercise testing (CPET) is extensively studied in patients with
cardiovascular diseases. In the current prospective study, we aim at ex-
ploring the role of CPET in oncologic patients and at evaluating exercise
capacity and its variation with the administration of oncologic treatments.
Material and methods. We analyzed 77 maximal CPETs from older
adult cancer patients and assessed exercise capacity. CPETs were per-
formed before starting (t0), during (t1) and at the end of (t2) oncologic
treatments. The main outcome was death for all causes.

Results. CPETs performed at t0 and t1 showed a reduced percent predict-
ed peak V,,, compared to CPETs performed at t2. In addition, at 2 we ob-
served higher peak achieved workload and longer exercise time compared
to t0 and t1. Intriguingly, achieved workload and oxygen uptake at Anaero-
bic Threshold were lowest in CPETs performed at t1, while Respiratory Ex-
change Ratio (RER) was higher in t1. Predicted V,,/HR and oxygen pulse
(V,»/HR), were higher after therapy and lower during oncologic treatments.
These abnormalities were even more evident in CPETs of patients who un-
derwent anthracyclines-based treatments, and when comparing patients
who then died later during follow-up (G1) vs patients who survived (G2).
Conclusions. CPET can be useful to evaluate exercise capacity and
muscular metabolic alterations in older adult cancer patients. The ef-
fectiveness of this technology in predicting survival or the increased
incidence of cardiovascular events in cancer patients is not fully un-
derstood; further studies are needed to define the role of CPET in as-
sessing the benefits of aerobic exercise and its potential “therapeutic”
prescription in cancer patients.
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INTRODUCTION

Antineoplastic therapies have significantly increased
overall and progression-free survival of oncologic pa-
tients thanks to the latest advances in therapeutic pro-
tocols. Along with these innovations, research has been
focusing into better recognition of cancer drugs side-
effects, including cardiovascular events (CVEs) associ-
ated to antineoplastic treatments . Clinical manifesta-
tions of CVEs include thromboembolic and vasospastic
ischemia, arrhythmias, hypertension, left ventricular (LV)
dysfunction, and even heart failure (HF) 25, Currently,
echocardiographic measurements of LV ejection frac-
tion (LVEF) and serum biomarkers are the most used
parameters for the evaluation of cardiac function in on-
cologic patients 7. This is particularly relevant in older
adult patients, who have more “opportunity” to develop
cancer and cardiovascular diseases, often in associa-
tion &12,

Functional capacity measured using cardiopulmonary
exercise testing (CPET) has been extensively studied
in patients with cardiovascular diseases. Functional
capacity is intended as the integrated efforts of skeletal-
muscular, pulmonary and cardiovascular systems in
performing daily living activities that require sustained
aerobic metabolism and is already known to provide
important prognostic information in a wide number
of medical settings '3, such as patients with HF 1420,
pulmonary hypertension 2'-24, or with cardiac amyloido-
sis 2°. Functional capacity is also useful to determine
right-to-left exercise induced shunting 2¢, or to evaluate
pre-operability in lung reductive surgery 2" and response
to treatment in subjects with chronic obstructive pul-
monary disease (COPD), pulmonary hypertension,
pulmonary vascular disease, interstitial lung disease or
cystic fibrosis 282!, Thus, as functional capacity is the
ability of an individual to perform aerobic work, oxygen
consumption (VO,) is the most accurate and standard-
ized parameter used for its measurement. CPET offers
the most integrated evaluation of muscular, pulmonary
and cardiovascular systems during a maximal effort ex-
ercise %2, Moreover, maximal oxygen consumption (VO-
2pea) MeasUred throughout maximal effort can strongly
relate with incident HF and all-cause mortality, being a
good candidate in the early identification of CVEs 3334,
Furthermore, beside VO,,.,, CPET is able to provide a
wide range of integrated parameters that can be use-
ful to identify other conditions such as ventilatory inef-
ficiency and physical deconditioning 272, Currently, a
number of studies are investigating the importance of
the assessment of VO, and/or other parameters of
functional capacity in the oncologic and cardiotoxicity
setting 3°%.

In the current prospective study, we aim at exploring

the role of CPET in oncologic patients and at evaluating
exercise capacity and its variation with the administra-
tion of oncologic treatments.

MATERIALS AND METHODS

STUDY DESIGN AND POPULATION

This is a single center prospective study based in our
Internal Medicine Unit for Oncologic Patients in the De-
partment of Translational Medical Sciences, “Federico II”
University, Naples, Italy. The protocol was approved by
the local ethic committee, the study was conducted fol-
lowing the Helsinki Declaration principles and all patients
signed a written informed consent to participate to the
study. The vast majority of patients included in our study
were consecutive subjects who were referred to our Unit
from major Oncology University Clinics such as the He-
matology and the Oncology Divisions of the Department
of Clinical Medicine and Surgery at “Federico II” Univer-
sity of Naples, and the Division of Onco-Hematology,
Department of Precision Medicine, “Luigi Vanvitelli” Uni-
versity of Campania, Naples, ltaly. A few patients were
referred from smaller Oncology Units in the Naples area.
We evaluated exercise performance before, during
and after administration of oncologic drugs and/or
radiotherapy. Inclusion criteria were: age > 65 years;
patients newly diagnosed with cancer with indication to
oncologic treatments, or patients already on anticancer
treatment, or patients who had been previously admin-
istered with anticancer treatments.

Exclusion criteria were: severe COPD and/or HF at first
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Figure 1. Study design.
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clinical evaluation; age < 65 y.o., inability to perform
the CPET, Respiratory Exchange Ratio (RER) < 1.05.
CPETs were performed before starting (t0), during (t1)
and at the end of (t2) oncological treatments, within 24
months after the end of the therapies (Fig. 1). Cut-offs
were chosen according to literature 277,

CARDIOPULMONARY EXERCISE TEST

CPET was performed on electromagnetically braked
cycle ergometer using a the Wasserman formula
for ramp quantification (VO2unloaded (mL/min) =
150 + (6x weight, kg) | VO2peak (mL/min) = (height:
cm, age: years)x20 | Ramp (w/min) = V'O2peak —
V'O2unloaded/100) * with metabolic chart of breath-
by-breath respiratory gas exchange, 12-lead electro-
cardiogram, blood pressure cuff, and pulse oximetry
(Sp02). All tests were conducted according to AHA
and ERS guidelines 2%, CPET parameters were com-
pared with normal values proposed by Wasserman,
also expressed as percentage predicted .

The following parameters were chosen to assess ex-
ercise capacity: maximal oxygen uptake (peak V),
Ve/Voosslope, AVa,/AW slope, peak Heart Rate (HR),
achieved Workload (WL), SBP, DBP, percent predicted
peak Vo, Oxygen uptake at Anaerobic Threshold
(Vo AT), percent predicted V, at AT, Oxygen pulse (Vqo/
HR), predicted Vo./HR, exercise time.

OuTcoMEs
The main outcome was death for all causes.

STATISTICAL ANALYSIS

We performed Shapiro-Wilk test to verify the normal
distribution of our data and a Levene’s test to verify
heteroskedasticity. Discrete variables are expressed as
absolute number and percentage; continuous variables
are expressed as mean and standard deviation when
normally distributed and as median (25"-75™ interquar-
tile range) when not normally distributed. Chi-square
test was used to compare discrete variables among
time points. One way analysis of variances (ANOVA),
with post-hoc pairwise comparisons with Bonfer-
roni adjustment, and Kruskal-Wallis rank test (K-W rank
test), with Dunn’s test with Bonferroni correction for
post hoc pairwise comparisons were used to examine
differences in CPET parameters between 10, t1 and t2,
for normally and not normally distributed variables, re-
spectively. We performed repeated measures ANOVA
for paired analysis. Two-way ANOVA was performed to
evaluate the effects of outcome and t0-t1-t2 interaction
on exercise capacity, then we divided CPETs by out-
come and by timing (t0, t1, t2) in a two-way ANOVA for
normal distributed data and a K-W test for non-normal
distributed data, focusing our attention on pairwise

comparison death vs no-death at t0, t1 and t2. A p-
value < 0.05 was considered statistically significant.
Statistical analysis was performed using STATA 15.1
(Stata Corporation, College Station, Texas).

RESULTS

From January 2015 to February 2020, a total of 263
subjects were referred to our Unit and performed CPETSs,
with a median follow-up time of 15 [5; 22] months. We
analyzed 77 CPETs, maximal for Anaerobic Threshold,
with RER > 1.05, that met the inclusion criteria. 23
CPETs were performed by 23 patients before starting
oncologic treatments (t0), 25 CPETs were performed
by 25 patients during oncologic treatments, at least af-
ter 1 month from initiation of oncologic treatments (t1).
Then, at t2, we included 29 CPETs performed by 29
patients at least 3 months after and within 24 months
after termination of oncologic treatments (Fig. 1). Nine
patients performed CPETs at all time points t0, t1 and
t2, 10 patients performed CPETs only at t1 and t2, 1
patient performed CPET only at t0 and t1, 4 patients
performed CPETs only at tO and t2.

CLINICAL CHARACTERISTICS OF THE STUDY SAMPLE

Data on cardiovascular and cancer characteristics, in-
cluding cancer stage and antineoplastic protocols are
presented in Table I.

CPET AND CARDIOVASCULAR FOLLOW=-UP OF ONCOLOGIC
PATIENTS

Peak Vo, and percent predicted peak Vo, were higher
in CPETs performed at t2 compared to t0 and t1. Peak
of achieved workload and oxygen uptake at Anaerobic
Threshold were lower and RER was higher during ther-
apy (t1), while maximal exercise time was higher after
therapy (t2), suggesting higher fatiguability at t1, with a
recovery at t2. Predicted V.,/HR and oxygen pulse (V,/
HR) were higher after therapy and lower during onco-
logic treatments. Results are shown in Table Il.

Nine patients performed CPETs at all time points (t0,
t1 and t2). Eight patients were affected by hemato-
logic cancer; 7 were treated with anthracyclines-based
therapies and 1 with target therapies. One patient was
affected by gastrointestinal cancer and treated with
antimetabolites. In this group, after termination of on-
cologic treatments (t2) we observed significantly higher
predicted peak V, exercise time, Oxygen pulse Vo,/HR
and predicted V,/HR compared to t0 and t1 (Tab. IlI).

CPET AND OUTCOME OF ONCOLOGIC PATIENTS

We then compared CPET data according to patients’
survival: group 1 (G1, dead during follow-up) and group
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Table I. Clinical characteristics of the study sample.

T0 T T2 P-value
(n=23) (n = 25) (n=29)
Age, years 69.3-3.97 69.76-3.86 70.45-3.99 0.57
Female, n (%) 10 (43%) 15 (60%) 13 (45%) 0.43
Cancer site, n (%)
Gastrointestinal 6 (26%) 11 (44%) 11 (38%) 0.31
Breast 2 (8%) 2 (8%) 5 (17%) 0.49
Hematological 9 (40%) 7 (28%) 11 (38%) 0.66
Melanoma 6 (26%) 5 (20%) 2 (7%) 0.16
Cancer stage, n (%)
Il 5 (22%) 12 (48%) 12 (41%) 0.15
1l 12 (52%) 4 (16%) 11 (38%) 0.02
v 6 (26%) 9 (36%) 6 (21%) 0.42
Antineoplastic protocol, n (%)
Anthracyclines 7 (30%) 8 (32%) 13 (45%) 0.48
Antimetabolites 5 (22%) 5 (20%) 8 (28%) 0.78
Pyrimidine analogues + bevacizumab 0 (0%) 7 (28%) 2 (7%) 0.03
Target therapy 5 (22%) 5 (20%) 6 (20%) 0.98
Immunotherapy 6 (26%) 0 (0%) 0 (0%) 0.01
Comorbidities, n (%)
Diabetes 5(21.7%) 1 (4%) 3(10.3%) 0.16
Hypertension 10 (43.4%) 13 (52%) 9 (31%) 0.39
Dyslipidemia 8 (34.8%) 8 (32%) 6 (20.6%) 0.58
Smoking habit 9 (39%) 6 (24%) 3(10.3%) 0.07
COPD 3 (13%) 1 (4%) 1 (3.44%) 0.34
Cardiovascular therapy, n%
Beta-blockers 9 (39%) 10 (40%) 13 (44.8%) 0.81
Diuretics 2 (8.7 %) 0 (0%) 4 (13.8%) 0.14
CCBs 3(13 %) 4 (16%) 0 (0%) 0.10
ARBs or ACE-Is 8 (34.8%) 11 (44%) 18 (62%) 0.13
No cardiologic therapy 8 (34.8%) 9 (36%) 4 (13.8%) 0.16
Patients who showed CVEs during follow-up 0 (0%) 7 (28%) 0 (0%) 0.01
Patients dead for all causes during follow-up 9 (39%) 11 (44%) 4 (13.8%) 0.06

Abbreviations: COPD: chronic obstructive pulmonary disease; CCBs: Calcium-channel blockers; ARBs: Angiotensin Il Receptor Blockers; ACE-Is: Angiotensin Converting

Enzyme-inhibitors; CVEs: cardiovascular events.

2 (G2, still alive at the end of the study), and performed
a two-way ANOVA for normal distributed data and a
K-W test for non-normal distributed data, focusing our
attention on pairwise comparison G1 vs G2 at t0, t1
and t2 (Tab. IV).

In all patients, there was an increase in exercise time
from 10 to t2. Interestingly, G2 patients showed a longer
exercise time compared to G1 at t0. Achieved workload
was generally higher in G2 patients, with an initial de-
crease from t0 to t1, and a subsequent increase from
t1 to t2. RER was higher in G1 patients, at each time
point. Heart rate was higher in G2 patients at each time
point.

Finally, percent predict Vopeak and oxygen uptake at
AT was lower in G1 patients, especially at tO0.

DISCUSSION

In our study, CPETs performed before starting (t0) and
during (t1) oncologic therapies showed a reduced percent
predicted peak Vq,, compared to CPETs performed after
completing oncologic treatments (t2). In addition, at t2 we
observed higher peak achieved workload and longer ex-
ercise time compared to t0 and t1. At t2 Predicted V,/HR
and oxygen pulse (V,./HR), AVO2/AW slope were higher.
Intriguingly, achieved workload and peak V, at Anaerobic
Threshold (AT) were lowest in CPETs performed at t1,
while RER was higher in t1. These abnormalities were sup-
ported by paired data in patients who performed CPETs
at all time points (t0, t1, t2, Tab. lll), subgroup analysis by
outcome analysis (Tab. IV).
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Table Il. Cardiopulmonary exercise testing variables according to the timing.

T0 (23) T1 (25) T2 (29) P-value
RER 1.16 [1.13-1.28] 1.19[1.14-1.26] 1.12[1.1-1.2] 0.04
peak V02, ml/kg/min 18.2 [16.5-24.2] 18.1 [16-22.3] 20.1[17.5-26.9] 0.03
%-predicted peak V02, % 70.3+20.4 70.8 +18.37 81.18 +16.72 0.06
V02-AT, ml/kg/min 14.34 + 4.94 13.1 +3.69 16.61 = 4.39 0.01
%-predicted VO2-AT, % 51.78 + 21 52 +15.46 58.55 + 13.51 0.24
VE/VCO2 slope 28.44 + 315 294 +511 28.36 + 4.73 0.65
Ex time, min 8.22 +1.91 8.99+1.74 9.87 +1.20 < 0.01
Workload, Watts 109 [73-119] 80 [73-108] 125 [95-145] < 0.01
Maximal HR, bpm 126 +18.2 134 +16.6 138 +194 0.055
VO2/HR, ml/kg/min/bpm 11 [10-13] 9 [6-11] 12 [10-13] < 0.01
%-pred VO2/HR, ml/kg/min/bpm 91.35 + 20.65 86.32 + 22.46 99.9 + 18.68 0.06
AVO2/AW slope 8.5[8-10.3] 8.2 [7.6-9.6] 9.3[8.6-9.9] 0.16
femt 79 [72-85] 85 [80-92] 85 [81-88] 0.04
EF % 58.05 + 3.22 57.34 + 3.35 57.44 + 4.05 0.78
Abbreviations: RER: Respiratory Exchange Ratio; Vy,-AT: peak V , at anaerobic threshold; HR: Heart rate.
Table lll. Cardiopulmonary exercise testing variables according to the timing, paired-data analysis.
Variable T0 T T2 P-value
RER 1.19+0.11 1.22 +0.14 1.13 £ 0.07 0.12
peak V02, ml/kg/min 21.65 +6.17 209 +2.39 246 +4.43 0.13
%-predicted peak V02, % 71+ 23 70139 83.33 +10.73 0.046
V02-AT, ml/kg/min 16.7+ 5.48 14 + 3.99 1722 + 4.2 0.22
%-predicted VO2-AT, % 55.89 +22.19 51.3+20.7 58 +11.72 0.5
VENCO2 slope 26.8 +5.28 26.8 + 4.81 27.05 + 3.77 0.98
Ex time, min 8.4 +1.81 8.43+2.14 10.22+1.09 0.01
Work load, Watts 105.78 + 18 10721 123.44 + 32 0.17
Maximal HR, bpm 147 £ 23 145+ 10 150 + 14.89 0.78
VO2/HR, mi/kg/min/bpm 9.44 +1.81 9.88 + 1.69 1148 £ 2.7 0.02
%-pred VO2/HR, mi/kg/min/bpm 85+20 86 +16.48 100 £ 12.6 0.02
AVO2/AW slope 9.28 +1.39 8.65 + 1.42 9.7 +0.43 0.22
femt 81.55+11.9 83x7 81.8 +7.53 0.13
EF % 58.22 + 3.8 56.7 +2.78 59.11 £ 4.25 0.28

Abbreviations: RER: Respiratory Exchange Ratio; V,-AT: peak V ;, at anaerobic threshold; HR: Heart rate.

These results suggest that during oncologic therapies
(t1) exercise capacity is worse than before starting (t0)
and after completing (t2) such therapies in the whole
patients’ populations. In particular, we show that t1
patients reach maximal RER earlier at lower exercise
time, lower workload and lower oxygen uptake at AT.
These differences are also present when comparing pa-
tients who died during follow-up (G1) vs patients who

survived (G2), and seem to be related with patients’
age, cancer site and cancer stage. We observed that
smoking tended to be less common in T2 patients, but
we did not find differences in VE/VCO2 slope, which
suggest the presence of impaired ventilation *. Moreo-
ver, we excluded severe COPD patients to avoid bias.

The above-mentioned alterations in CPETs parameters
are usually associated with worse prognosis in HF %
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Table IV. Cardiopulmonary exercise testing variables according to

the outcome (death for all causes) and timing.

TO T T2 P-value
G1(9) G2 (14) G1 (11) G2 (14) G1 (4) G2 (25)
V02-peak, mi/kg/ | 18.2 [17.6-20.7] | 20.4 [16.5-25.3] | 15.7 [13.1-22.3] | 18.1[16.8-24] |19.3[17.7-23.6] | 20.3 [17.5-26.9] | 0.25
min
V02-peak % 46 [46-53] 71 [63-88] 61 [55-75] 73 [58-93] 61.5 [54-77] 87 [69-92] <0.01
predicted, ml/kg/
min
V02-AT, mi/kg/min | 11.5[11.5-12.5] | 15.4 [13.1-20.3] | 11.7 [8.6-15.5] | 13.45[11.5-14.9] | 13.7 [12.5-26.9] | 17.1[13.3-19.6] | < 0.01
V02-AT % pred, 26 [26-43] 61 [57-80] 51 [37-56] 57 [44-70] 44 [39-54] 60 [50-70] <0.01
mi/kg/min

VENNCO2 slope | 29.2[26-29.2] | 27.8[27.3-29] | 32[25.7-38.5] | 28[27-30] | 29.95[29-35.7] | 26.9[24-31.6] | 0.23

Ex time, min 6 [6-6.4] 9[7.85-10.75] 8.25[8-9.3] 9.45[8-10.5] |10.4[9.67-10.5]| 10[9.15-10.6] | <0.01
Workload, Watts 73 [73-109] 113.5[104-125] 77 [73-102] 104.5[61-128] | 117.5[89-126] | 125[95-145] 0.01
RER 1.44[1.28-1.46] | 1.14[1.12-1.15] |1.23[1.18-1.27] | 1.18 [1.13-1.25] | 1.18[1.18-1.19] | 1.12[1.09-1.21] | < 0.01
Maximal HR, bpm | 134 [104-145] | 121[112-121] | 139[100-139] | 139[130-153] | 116 [111-127] | 142 [124-155] | <0.01
VO2/HR, mi/kg/ 9[8-11] 13[10-13] 8 [6-10] 9.5[7-12] 13.5[10-15] 12 [10-13] <0.01
min/bpm
VO02/HR % 58 [58-86] 100 [96-107] 79 [72-93] 80 [78-114] 83 [80-92.5] 104 [88-119] | <0.01
predicted, ml/kg/
min/bpm
AV02/AW slope 8 [8-8.5] 10 [8.5-11] 8.2 [7-11] 8.6 [8-9.6] 9.3[9.3-9.5] 9.3[8.4-9.9] 0.03
Cancer site, n (%)
Gastrointestinal 5 (55.6%) 1(7.1%) 9 (81.8%) 2 (14.3%) 4 (100%) 7 (28%) 0.01
Breast 0 (0%) 2 (14.3%) 0 (0%) 2 (14.3%) 0 (0%) 5 (20%) 0.57
Hematological 2 (22.2%) 7 (50%) 0 (0%) 7 (50%) 0 (0%) 11 (44%) 0.03
Melainoma 2 (22.2%) 4 (28.6%) 2 (18.2%) 3(21.4%) 0 (0%) 2 (8%) 0.54
Cancer stage, n (%)
I-Il 0 (0%) 5(35.7%) 2 (18.2%) 10 (71.5%) 0 (0%) 12 (48%) 0.027
Il 5 (55.6%) 7 (50%) 1(9.1%) 3(21.4%) 3 (75%) 8 (32%) 0.01
v 4 (44.4%) 2 (14.3%) 8 (72.7%) 1(7.1%) 1 (25%) 5 (20%) 0.01
Antineoplastic protocol, n (%)
Anthracyclines 2 (22.2%) 5 (35.7%) 0 (0%) 8 (57.2%) 0 (0%) 13 (52%) 0.01
Antimetabolites 5 (55.6%) 0 (0%) 4 (36.4%) 1(7.1%) 3 (75%) 5 (20%) 0.01
pyrimidine 0 (0%) 0 (0%) 5 (45.4%) 2 (14.3%) 1 (25%) 1 (4%) 0.01
analogues +
bevacizumab
Target therapy 0 (0%) 5 (35.7%) 2(18.2%) 3(21.4%) 0 (0%) 6 (24%) 0.04
Immunotherapy 2 (22.2%) 4 (28.6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0.01
Age 66 [66-67] 69.5 [67-75] 72 [68-75] 68.5 [65-70] 72 [67.5-75] 70 [68-74] 0.18

Abbreviations: RER: Respiratory Exchange Ratio; V,,-AT: peak V o, at anaerobic threshold; HR: Heart rate.

and PH patients “°. Higher fatiguability can be a signal
of complex interactions between cancer and the car-
diopulmonary system. First, we have to consider car-
diovascular toxicity of cancer therapies, hence exercise
capacity may be impaired, as we observed in t1 patients.

Many anticancer agents cause endothelial dysfunc-
tion 41, that can alter vasodilation and oxygen delivery
to the skeletal muscle “>*2. Interestingly, impaired peak
VO2 and precent predicted peak VO2 seem to be as-
sociated with trastuzumab cardiovascular toxicity in
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breast cancer patients #4. After anthracycline treatment
skeletal muscle composition may be altered “®, with in-
tramuscular fat accumulation, which may also explain
reduced exercise tolerance 647,

Importantly, we observed percent predicted peak Vg,
reduction not just in CPETs performed during oncologic
therapies, but also already in CPETs performed by can-
cer patients before oncologic therapies (t0). Different
reasons may underly this finding. Reduced hemoglobin
concentration is frequently present in cancer patients 8
and can affect oxygen delivery “8. Deconditioning due
to reduced physical activity, especially after surgery, can
be associated with lower oxygen uptake “°. Also, in-
flammation °%5" and muscle wasting 2 can lead to exer-
cise impairment, and may be due to systemic effects of
cancer. Anker and coworkers hypothesized that cancer
wasting can also involve cardiac tissue, resulting into
cardiac cachexia 5° that, together with other systemic
alteration characterizing such patients %%, can be
part of a real heart failure-like syndrome . Moreover,
the pro-inflammatory cytokines from cancer cells may
lead to metabolic dysfunction 1% with increased
cytosolic glycolysis and reduced oxidative phospho-
rylation %7, resulting in increased lactic acidosis *® that
can contribute to higher ventilatory demand %°, higher
RER and muscle fatiguability observed in our study. All
these alterations can cause higher metabolic demand
and inadequate oxygen delivery, resulting in cancer
related fatigue (CRF), whose etiology is yet to be fully
clarified and is most likely multifactorial, and a specific
diagnostic algorithm is yet to be defined 6. Functional
capacity measured with CPET seems to be a promis-
ing marker of cardiac, pulmonary and skeletal muscle
dysfunction "2 and could be a useful diagnostic tool
for CREF, too.

FUTURE PERSPECTIVES

Beside their role in the evaluation of exercise capacity
in oncologic patients, parameters obtained from CPETs
could also be studied for prevention and treatment
of CVEs during antineoplastic protocols 366384 Pre-
clinical studies have shown that exercise can reduce
doxorubicin-induced mitochondrial damage %%, while
there is clinical evidence that exercise prescription can
improve peak Vg, 3470 whose impairment is usually
related to worse outcome in HF % and PH patients “.
Cardio-Oncology rehabilitation is an emerging non-
pharmacologic approach to prevent and even treat
chemotherapy-induced cardiotoxicity or cardiovascular
disease in cancer patients 72, While CRF is associated
with treatment-related toxicities and augmented risk of
mortality in cancer patients, the efficacy of exercise to

treat cardiotoxicity is still unclear %7374, Randomized
controlled trials are evaluating whether an exercise-
based cardiac rehabilitation can prevent chemotherapy
induced cardiotoxicity in breast cancer patients 757,
The OptiTrain trial showed that high-intensity exercise
during chemotherapy in breast cancer patients was as-
sociated with lower levels of NT-pro-BNP and that there
was reduced peak V, in patients with higher levels of
c¢TnT and NT-pro-BNP, even after 2-years follow-up .

LIMITATIONS AND CONCLUSIONS

The major limitation to our study is the rather small
sample size. In addition, patients were treated with very
heterogeneous therapies and different forms of cancer
were included. In our study, cancer type distribution
does not completely overlap cancer type distribution
in Italy, being our population mostly composed of pa-
tients with hematologic and gastro-intestinal cancers.
Moreover, patients included in the analysis are relatively
young and that might not be fully representative of the
geriatric population.

In addition, we only collected scattered data regarding
the biochemical and bio-humoral characteristics of the
patients at the start of the study, such as troponin levels
or natriuretic peptides, hence we could not correlate
them to the rest of our data. On the other hand, we
focused on maximal CPETs to avoid the bias due to
VO2 peak reduction in non-maximal exercise.

Despite these limitations, CPET can be useful to evalu-
ate exercise capacity and muscular metabolic altera-
tions in cancer patients, especially before and during
chemotherapy. The effectiveness of this technology in
predicting survival or the increased incidence of cardio-
vascular events in cancer patient is not fully understood.
Further studies are needed to define the potential role
of CPET in assessing the benefits of aerobic exercise
and its potential “therapeutic” prescription in cancer
patients.

Acknowlegments

We would like to thank Fortunato Ciardiello, Sabino De
Placido and Fabrizio Pane for their invaluable scientific
support and fruitful discussions.

Conflict of interest statement

TT received funding from Amgen, MSD, Novartis, Sa-
nofi, BMS. CGT has received funding from Amgen,
MSD and personal fees from Vivalyfe, Solaris, Univers
Formazione, Myocardial Solutions, Medtronic, Astra
Zeneca, Summeet, outside of the submitted work, and
is listed as an inventor on two heart failure patents. The
other authors have nothing to disclose.



A. Carannante et al.

Funding
CGT:ltalianMinistryofHealth(PNRR-MAD-2022-12376632
and RF-2016-02362988)

Author contributions

AnC, UA, AIC: share first co-authorship, conceptual-
ization, data curation, and writing — original draft and
revised versions; AnC: statistical analysis; PP, GC, MI,
FF, LG, ET, RP, LF, CC, MP, CdC, MF, EM, SN, TT: data
collection, data curation; RB, GM, NC: methodology,
supervision; VM, CGT: conceptualization, data curation,
formal analysis, methodology, supervision, validation,
visualization, writing — original draft, and writing — review
& editing; PA: review & editing; VM, CGT: share senior
authorship.

Ethical consideration

This study was approved by the Institutional Ethics
Committee of Universita degli Studi di Napoli "Federico
[I" (approval number: 215/21).

The research was conducted ethically, with all study
procedures being performed in accordance with the
requirements of the World Medical Association’s Dec-
laration of Helsinki.

Written informed consent was obtained from each par-
ticipant/patient for study participation and data publica-
tion.

References

T Cuomo A, Mercurio V, Varricchi G, et al. Impact of a cardio-
oncology unit on prevention of cardiovascular events in
cancer patients. ESC Hear Fail 2022;9:1666-1676. https://
doi.org/10.1002/ehf2.13879

2 Lyon AR, Lépez-Fernandez T, Couch LS, et al. 2022 ESC
Guidelines on cardio-oncology developed in collaboration
with the European Hematology Association (EHA), the
European Society for Therapeutic Radiology and Oncol-
ogy (ESTRO) and the International Cardio-Oncology Soci-
ety (IC-OS). Eur Heart J 2022;43:4229-4361. https://doi.
org/10.1098/eurheartj/ehac244

3 Attanasio U, Pirozzi F, Poto R, et al. Oxidative stress in an-
ticancer therapies-related cardiac dysfunction. Free Radic
Biol Med 2021;169:410-415. https://doi.org/10.1016/j.
freeradbiomed.2021.04.021

4 Herrmann (Chair) J, Lenihan (Co-chair) D, Armenian S, et
al. Defining cardiovascular toxicities of cancer therapies:
an International Cardio-Oncology Society (IC-OS) consen-
sus statement. Eur Heart J 2022;43:280-299. https://doi.
org/10.1098/eurheartj/ehab674

5 Moslehi JJ. Cardiovascular toxic effects of targeted cancer
therapies. N Engl J Med 2016;375:1457-1467. https://doi.
org/10.1056/NEJMra1100265

Celutkiené J, Pudil R, Lopez-Fernandez T, et al. Role of
cardiovascular imaging in cancer patients receiving cardio-
toxic therapies: a position statement on behalf of the Heart
Failure Association (HFA), the European Association of
Cardiovascular Imaging (EACVI) and the Cardio-Oncology
Council of the European Society of Cardiology (ESC). Eur
J Heart Fail. 2020;22:1504-1524. https://doi.org/10.1002/
ejhf.1957

Pudil R, Mueller C, Celutkiene J, et al. Role of serum
biomarkers in cancer patients receiving cardiotoxic cancer
therapies: a position statement from the Cardio-Oncology
Study Group of the Heart Failure Association and the
Cardio-Oncology Council of the European Society of Car-
diology. Eur J Heart Fail 2020;22:1966-1983. https://doi.
org/10.1002/ejhf.2017

Ameri P, Canepa M, Anker MS, et al. Cancer diagnosis in
patients with heart failure: epidemiology, clinical implica-
tions and gaps in knowledge. Eur J Heart Fail 2018;20:879-
887. https://doi.org/10.1002/ejhf.1165

Liberale L, Montecucco F, Tardif JC, et al. Inflamm-ageing:
the role of inflammation in age-dependent cardiovascular
disease. Eur Heart J 2020;41:2974-2982. https://doi.
org/10.1093/eurheartj/ehz961

Meijers WC, De Boer RA. Common risk factors for heart
failure and cancer. Cardiovasc Res 2019;115:844-8583.
https://doi.org/10.1093/cvr/cvz035

de Boer RA, Hulot JS, Tocchetti CG, et al. Common
mechanistic pathways in cancer and heart failure. A sci-
entific roadmap on behalf of the Translational Research
Committee of the Heart Failure Association (HFA) of the
European Society of Cardiology (ESC). Eur J Heart Falil
2020;22:2272-2289. https://doi.org/10.1002/ejhf.2029
Mercurio V, Cuomo A, Dessalvi CC, et al. Redox imbal-
ances in ageing and metabolic alterations: implications in
cancer and cardiac diseases. An overview from the work-
ing group of cardiotoxicity and cardioprotection of the Ital-
ian society of cardiology (SIC). Antioxidants 2020;9:1-20.
https://doi.org/10.3390/antiox9070641

Arena R, Myers J, Wiliams MA, et al. Assessment of
functional capacity in clinical and research settings. Cir-
culation  2007;116:329-343.  https://doi.org/10.1161/
CIRCULATIONAHA.106.184461

Jessup Likoff M, Chandler SL, Kay HR. Clinical deter-
minants of mortality in chronic congestive heart failure
secondary to idiopathic dilated or to ischemic cardio-
myopathy. Am J Cardiol 1987;59:634-638. https://doi.
org/10.1016/0002-9149(87)91183-0

Cohn JN, Johnson GR, Shabetai R, et al. Ejection frac-
tion, peak exercise oxygen consumption, cardiothoracic
ratio, ventricular arrhythmias, and plasma norepinephrine
as determinants of prognosis in heart failure. The V-HeFT
VA Cooperative Studies Group. Circulation 1993;87(Suppl
6):VI5-VI16.

Szlachcic J, Masse BM, Kramer BL, et al. Correlates and
prognostic implication of exercise capacity in chronic con-
gestive heart failure. Am J Cardiol 1985;55:1037-1042.


https://doi.org/10.1002/ehf2.13879
https://doi.org/10.1002/ehf2.13879
https://doi.org/10.1093/eurheartj/ehac244
https://doi.org/10.1093/eurheartj/ehac244
https://doi.org/10.1016/j.freeradbiomed.2021.04.021
https://doi.org/10.1016/j.freeradbiomed.2021.04.021
https://doi.org/10.1093/eurheartj/ehab674
https://doi.org/10.1093/eurheartj/ehab674
https://doi.org/10.1056/NEJMra1100265
https://doi.org/10.1056/NEJMra1100265
https://doi.org/10.1002/ejhf.2017
https://doi.org/10.1002/ejhf.2017
https://doi.org/10.1002/ejhf.1165
https://doi.org/10.1093/eurheartj/ehz961
https://doi.org/10.1093/eurheartj/ehz961
https://doi.org/10.1093/cvr/cvz035
https://doi.org/10.1002/ejhf.2029
https://doi.org/10.3390/antiox9070641
https://doi.org/10.1161/CIRCULATIONAHA.106.184461
https://doi.org/10.1161/CIRCULATIONAHA.106.184461
https://doi.org/10.1016/0002-9149(87)91183-0
https://doi.org/10.1016/0002-9149(87)91183-0

CPET in older adult cancer patients

20

21

22

23

24

25

26

27

28

Corra U, Agostoni PG, Anker SD, et al. Role of cardio-
pulmonary exercise testing in clinical stratification in heart
failure. A position paper from the Committee on Exercise
Physiology and Training of the Heart Failure Association
of the European Society of Cardiology. Eur J Heart Fail
2018;20:3-15. https://doi.org/10.1002/ejhf.979

Taylor RS, Walker S, Smart NA, et al. Impact of exercise re-
habilitation on exercise capacity and quality-of-life in heart
failure. J Am Coll Cardiol 2019;73:1430-1443. https://doi.
org/10.1016/j.jacc.2018.12.072

Laoutaris ID, Piotrowicz E, Kallistratos MS, et al. Combined
aerobic/resistance/inspiratory muscle training as the ‘opti-
mum’ exercise programme for patients with chronic heart
failure: ARISTOS-HF randomized clinical trial. Eur J Prev
Cardiol 2021;28:1626-1635. https://doi.org/10.1093/
eurjpc/zwaa091

Sinagra G, Carriere C, Clemenza F, et al. Risk stratifica-
tion in cardiomyopathy. Eur J Prev Cardiol 2020;27(Suppl
2):52-58. https://doi.org/10.1177/2047487320961898
Arena R, Lavie CJ, Milani RV, et al. Cardiopulmonary
exercise testing in patients with pulmonary arterial hyper-
tension: an evidence-based review. J Hear Lung Trans-
plant 2010;29:159-173. https://doi.org/10.1016/j.
healun.2009.09.003

Vallerand JR, Weatherald J, Laveneziana P. Pulmonary
hypertension and exercise. Clin Chest Med 2019;40:459-
469. https://doi.org/10.1016/j.ccm.2019.02.003
Weatherald J, Farina S, Bruno N, et al. Cardiopulmo-
nary exercise testing in pulmonary hypertension. Ann
Am Thorac Soc 2017;14(Suppl 1):584-S92. https://doi.
org/10.1513/AnnalsATS.201610-788FR

Sabbahi A, Severin R, Ozemek C, et al. The role of car-
diopulmonary exercise testing and training in patients with
pulmonary hypertension: making the case for this assess-
ment and intervention to be considered a standard of care.
Expert Rev Respir Med 2020;14:317-327. https://doi.org/
10.1080/17476348.2020.1708196

Nicol M, Deney A, Lairez O, et al. Prognostic value of car-
diopulmonary exercise testing in cardiac amyloidosis. Eur
J Heart Fail 2021;23:231-239. https://doi.org/10.1002/
ejhf.2016

Sun X-G, Hansen JE, Oudiz RJ, et al. Gas exchange detec-
tion of exercise-induced right-to-left shunt in patients with
primary pulmonary hypertension. Circulation 2002;105:54-
60. https://doi.org/10.1161/hc0102.101509

Radtke T, Crook S, Kaltsakas G, et al. ERS statement on
standardisation of cardiopulmonary exercise testing in
chronic lung diseases. Eur Respir Rev 2019;28:180101.
https://doi.org/10.1183/16000617.0101-2018

Hebestreit H, Hulzebos EHJ, Schneiderman JE, et al.
Cardiopulmonary exercise testing provides additional
prognostic information in cystic fibrosis. Am J Respir Crit
Care Med 2019;199:987-995. https://doi.org/10.1164/
rccm.201806-11100C

29

30

31

32

33

34

35

36

37

38

39

40

Wensel R, Francis DP, Meyer FJ, et al. Incremental prog-
nostic value of cardiopulmonary exercise testing and rest-
ing haemodynamics in pulmonary arterial hypertension. Int
J Cardiol 2013;167:1193-1198. https://doi.org/10.1016/].
ijcard.2012.03.135

Laviolette L, Laveneziana P. Exercise testing in the prog-
nostic evaluation of patients with lung and heart diseases.
In: Clinical exercise testing. Sheffield, UK: European Res-
piratory Society, pp. 222-234.

O’Donnell DE, Elbehairy AF, Berton DC, et al. Exercise
testing in the evaluation of pharmacotherapy in COPD. In:
Clinical exercise testing. Sheffield, UK: European Respira-
tory Society, pp. 235-250.

Balady GJ, Arena R, Sietsema K, et al. Clinician’s guide
to cardiopulmonary exercise testing in adults. Circu-
lation 2010;122:191-225. https://doi.org/10.1161/
CIR.0b013e3181e52e69

Kupsky DF, Ahmed AM, Sakr S, et al. Cardiorespiratory
fitness and incident heart failure: the Henry Ford Exercise
Testing (FIT) Project. Am Heart J 2017;185:35-42. https://
doi.org/10.1016/}.ahj.2016.12.006

Forman DE, Arena R, Boxer R, et al. Prioritizing functional
capacity as a principal end point for therapies oriented to
older adults with cardiovascular disease: a scientific state-
ment for healthcare professionals from the American Heart
Association. Circulation 2017;135:E894-E918. https://doi.
org/10.1161/CIR.0000000000000483

Howden EJ, Foulkes S, Dillon HT, et al. Traditional markers
of cardiac toxicity fail to detect marked reductions in car-
diorespiratory fitness among cancer patients undergoing
anti-cancer treatment. Eur Hear J — Cardiovasc Imaging
2021;22:451-458. https://doi.org/10.1093/ehjci/jeaad21
Ansund J, Mijwel S, Bolam KA, et al. High intensity exercise
during breast cancer chemotherapy — effects on long-term
myocardial damage and physical capacity — data from
the OptiTrain RCT. Cardio Oncology.2021;7:7. https://doi.
org/10.1186/s40959-021-00091-1

Guazzi M, Arena R, Halle M, et al. 2016 focused update:
clinical recommendations for cardiopulmonary exercise
testing data assessment in specific patient populations.
Eur Heart J 2018;39:1144-1161. https://doi.org/10.1093/
eurheartj/ehw180

Guazzi M. Exercise VE/VCO2 slope: an endurance marker
of prognosis also in patients with HFpEF and pulmonary
hypertension, at least! J Card Fail 2017;23:783-785.
https://doi.org/10.1016/j.cardfail.2017.09.003

Corra U, Piepoli MF, Adamopoulos S, et al. Cardiopulmo-
nary exercise testing in systolic heart failure in 2014: the
evolving prognostic role. A position paper from the com-
mittee on exercise physiology and training of the heart fail-
ure association of the ESC. Eur J Heart Fail 2014;16:929-
941. https://doi.org/10.1002/ejhf.156

Farina S, Correale M, Bruno N, et al. The role of car-
diopulmonary exercise tests in pulmonary arterial hy-
pertension. Eur Respir Rev 2018;27:1-10. http://dx.doi.
org/10.1183/16000617.0134-2017


https://doi.org/10.1002/ejhf.979
https://doi.org/10.1016/j.jacc.2018.12.072
https://doi.org/10.1016/j.jacc.2018.12.072
https://doi.org/10.1093/eurjpc/zwaa091
https://doi.org/10.1093/eurjpc/zwaa091
https://doi.org/10.1177/2047487320961898
https://doi.org/10.1016/j.healun.2009.09.003
https://doi.org/10.1016/j.healun.2009.09.003
https://doi.org/10.1016/j.ccm.2019.02.003
https://doi.org/10.1513/AnnalsATS.201610-788FR
https://doi.org/10.1513/AnnalsATS.201610-788FR
https://doi.org/10.1080/17476348.2020.1708196
https://doi.org/10.1080/17476348.2020.1708196
https://doi.org/10.1002/ejhf.2016
https://doi.org/10.1002/ejhf.2016
https://doi.org/10.1161/hc0102.101509
https://doi.org/10.1183/16000617.0101-2018
https://doi.org/10.1164/rccm.201806-1110OC
https://doi.org/10.1164/rccm.201806-1110OC
https://doi.org/10.1016/j.ijcard.2012.03.135
https://doi.org/10.1016/j.ijcard.2012.03.135
https://doi.org/10.1161/CIR.0b013e3181e52e69
https://doi.org/10.1161/CIR.0b013e3181e52e69
https://doi.org/10.1016/j.ahj.2016.12.006
https://doi.org/10.1016/j.ahj.2016.12.006
https://doi.org/10.1161/CIR.0000000000000483
https://doi.org/10.1161/CIR.0000000000000483
https://doi.org/10.1093/ehjci/jeaa421
https://doi.org/10.1186/s40959-021-00091-1
https://doi.org/10.1186/s40959-021-00091-1
https://doi.org/10.1093/eurheartj/ehw180
https://doi.org/10.1093/eurheartj/ehw180
https://doi.org/10.1016/j.cardfail.2017.09.003
https://doi.org/10.1002/ejhf.156
http://dx.doi.org/10.1183/16000617.0134-2017
http://dx.doi.org/10.1183/16000617.0134-2017

10

A. Carannante et al.

Al

42

43

44

45

46

47

48

49

50

51

52

53

Meilhac A, Cautela J, Thuny F. Cancer therapies and vas-
cular toxicities. Curr Treat Options Oncol 2022;333-347.
https://doi.org/10.1007/s11864-022-00964-2

Hendrickse P, Degens H. The role of the microcircula-
tion in muscle function and plasticity. J Muscle Res
Cell  Motil 2019;40:127-140. https://doi.org/10.1007/
§10974-019-09520-2

Hirai DM, Musch Tl, Poole DC. Exercise training in chronic
heart failure: improving skeletal muscle O2 transport and uti-
lization. Am J Physiol — Hear Circ Physiol 2015;309:H1419-
H1439. https://doi.org/10.1152/ajpheart.00469.2015

Yu AF, Flynn JR, Moskowitz CS, et al. Long-term car-
diopulmonary consequences of treatment-induced car-
diotoxicity in survivors of ERBB2-positive breast cancer.
JAMA Cardiol 2020;5:309-317. https://doi.org/10.1001/
jamacardio.2019.5586

Beaudry RI, Kirkham AA, Thompson RB, et al. Exercise in-
tolerance in anthracycline-treated breast cancer survivors:
the role of skeletal muscle bioenergetics, oxygenation, and
composition. Oncologist 2020;25:E852-E8560. https://
doi.org/10.1634/theoncologist.2019-0777

Reding KW, Brubaker P, D’Agostino R, et al. Increased
skeletal intermuscular fat is associated with reduced exer-
cise capacity in cancer survivors: a cross-sectional study.
Cardio Oncology 2019;5:1-6. https://doi.org/10.1186/
$40959-019-0038-5

Zieff GH, Wagoner CW, Paterson C, et al. Cardiovascular
consequences of skeletal muscle impairments in breast
cancer. Sports 2020;8:1-12. https://doi.org/10.3390/
sports8060080

Koelwyn GJ, Jones LW, Moslehi J. Unraveling the
causes of reduced peak oxygen consumption in patients
with cancer: complex, timely, and necessary. J Am Coll
Cardiol 2014;64:1320-1322. https://doi.org/10.1016/].
jacc.2014.07.949

Beaudry RI, Howden EJ, Foulkes S, et al. Determinants
of exercise intolerance in breast cancer patients prior to
anthracycline chemotherapy. Physiol Rep 2019;7:1-8.
https://doi.org/10.14814/phy2.13971

McSorley ST, Roxburgh CSD, Horgan PG, et al. The rela-
tionship between cardiopulmonary exercise test variables,
the systemic inflammatory response, and complications
following surgery for colorectal cancer. Perioper Med
2018;7:1-7. https://doi.org/10.1186/s13741-018-0093-8
Lanser L, Kink P, Egger EM, et al. Inflammation-induced
tryptophan breakdown is related with anemia, fatigue,
and depression in cancer. Front Immunol 2020;11:1-21.
https://doi.org/10.3389/fimmu.2020.00249

Cramer L, Hildebrandt B, Kung T, et al. Cardiovascular
function and predictors of exercise capacity in patients
with colorectal cancer. J Am Coll Cardiol 2014;64:1310-
1319. https://doi.org/10.1016/j.jacc.2014.07.948
Barkhudaryan A, Scherbakov N, Springer J, et al. Car-
diac muscle wasting in individuals with cancer cachexia.
ESC Hear Fail 2017;4:458-467. https://doi.org/10.1002/
ehf2.12184

54

55

56

57

58

59

60

61

62

63

64

65

66

Taegtmeyer H, Karlstaedt A, Rees ML, et al. Oncometabol-
ic Tracks in the heart. Circ Res 2017;120:267-269. https://
doi.org/10.1161/CIRCRESAHA.116.310115

Anker MS, Sanz AP, Zamorano JL, et al. Advanced can-
cer is also a heart failure syndrome: a hypothesis. Eur J
Heart Fail 2021;23:140-144. https://doi.org/10.1002/
jcsm. 12694

Karlstaedt A, Moslehi J, de Boer RA. Cardio-onco-me-
tabolism: metabolic remodelling in cardiovascular disease
and cancer. Nat Rev Cardiol 2022;19:414-425. https://doi.
org/10.1038/s41569-022-00698-6.

da Fonseca GWP, Farkas J, Dora E, et al. Cancer cachexia
and related metabolic dysfunction. Int J Mol Sci 2020;21:1-
19. https://doi.org/10.3390/ijms21072321

Vaupel P, Schmidberger H, Mayer A. The Warburg ef-
fect: essential part of metabolic reprogramming and cen-
tral contributor to cancer progression. Int J Radiat Biol
2019;95:912-919. https://doi.org/10.1080/09553002.20
19.1589653

O’Donnell DE, Webb KA, Langer D, et al. Respira-
tory factors contributing to exercise intolerance in breast
cancer survivors: a case-control study. J Pain Symptom
Manage 2016;52:54-63. http://dx.doi.org/10.1016/j.
jpainsymman.2016.01.004

Fabi A, Bhargava R, Fatigoni S, et al. Cancer-related fa-
tigue: ESMO Clinical Practice Guidelines for diagnosis
and treatment. Ann Oncol 2020;31:713-723. https://doi.
org/10.1016/j.annonc.2020.02.016

Songwei Y, Chu S, GaoY, et al. A narrative review of cancer
and its possible pathogenesis. Cells 2019;8:1-19. https://
doi.org/10.3390/cells8070738

Agostoni P, Dumitrescu D. How to perform and report
a cardiopulmonary exercise test in patients with chronic
heart failure. Int J Cardiol 2019;288:107-113. https://doi.
org/10.1016/j.ijcard.2019.04.053

Allen SK, Brown V, White D, et al. Multimodal prehabilita-
tion during neoadjuvant therapy prior to esophagogastric
cancer resection: effect on cardiopulmonary exercise test
performance, muscle mass and quality of life — a pilot rand-
omized clinical trial. Ann Surg Oncol 2022;29:1839-1850.
https://doi.org/10.1245/s10434-021-11002-0

Palomo A, Ray RM, Johnson L, et al. Associations between
exercise prior to and around the time of cancer diagnosis
and subsequent cardiovascular events in women with
breast cancer: a Women'’S Health Initiative (Whi) analysis. J
Am Coll Cardiol 2017;69:1774. http://dx.doi.org/10.1016/
S0735-1097(17)35163-X

Smuder AJ. Exercise stimulates beneficial adaptations to
diminish doxorubicin-induced cellular toxicity. Am J Physiol
— Regul Integr Comp Physiol 2019;317:R662-R672. htt-
ps://doi.org/10.1152/ajpregu.00161.2019
Marques-Aleixo |, Santos-Alves E, Torrella JR, et al. Exercise
and doxorubicin treatment modulate cardiac mitochondrial
quality control signaling. Cardiovasc Toxicol 2018;18:43-
55. https://doi.org/10.1007/s12012-017-9412-4


https://doi.org/10.1007/s11864-022-00964-2
https://doi.org/10.1007/s10974-019-09520-2
https://doi.org/10.1007/s10974-019-09520-2
https://doi.org/10.1152/ajpheart.00469.2015
https://doi.org/10.1001/jamacardio.2019.5586
https://doi.org/10.1001/jamacardio.2019.5586
https://doi.org/10.1634/theoncologist.2019-0777
https://doi.org/10.1634/theoncologist.2019-0777
https://doi.org/10.1186/s40959-019-0038-5
https://doi.org/10.1186/s40959-019-0038-5
https://doi.org/10.3390/sports8060080
https://doi.org/10.3390/sports8060080
https://doi.org/10.1016/j.jacc.2014.07.949
https://doi.org/10.1016/j.jacc.2014.07.949
https://doi.org/10.14814/phy2.13971
https://doi.org/10.1186/s13741-018-0093-8
https://doi.org/10.3389/fimmu.2020.00249
https://doi.org/10.1016/j.jacc.2014.07.948
https://doi.org/10.1002/ehf2.12184
https://doi.org/10.1002/ehf2.12184
https://doi.org/10.1161/CIRCRESAHA.116.310115
https://doi.org/10.1161/CIRCRESAHA.116.310115
https://doi.org/10.1002/jcsm.12694
https://doi.org/10.1002/jcsm.12694
https://doi.org/10.1038/s41569-022-00698-6
https://doi.org/10.1038/s41569-022-00698-6
https://doi.org/10.3390/ijms21072321
https://doi.org/10.1080/09553002.2019.1589653
https://doi.org/10.1080/09553002.2019.1589653
http://dx.doi.org/10.1016/j.jpainsymman.2016.01.004
http://dx.doi.org/10.1016/j.jpainsymman.2016.01.004
https://doi.org/10.1016/j.annonc.2020.02.016
https://doi.org/10.1016/j.annonc.2020.02.016
https://doi.org/10.3390/cells8070738
https://doi.org/10.3390/cells8070738
https://doi.org/10.1016/j.ijcard.2019.04.053
https://doi.org/10.1016/j.ijcard.2019.04.053
https://doi.org/10.1245/s10434-021-11002-0
http://dx.doi.org/10.1016/S0735-1097(17)35163-X
http://dx.doi.org/10.1016/S0735-1097(17)35163-X
https://doi.org/10.1152/ajpregu.00161.2019
https://doi.org/10.1152/ajpregu.00161.2019
https://doi.org/10.1007/s12012-017-9412-4

CPET in older adult cancer patients

1

67

68

69

70

71

Dolinsky VW, Rogan KJ, Sung MM, et al. Both aerobic ex-
ercise and resveratrol supplementation attenuate doxoru-
bicin-induced cardiac injury in mice. Am J Physiol — Endo-
crinol Metab 2013;305:243-253. https://doi.org/10.1152/
ajpendo.00044.2013

Hubbard G, Adams R, Campbell A, et al. Is referral of
postsurgical colorectal cancer survivors to cardiac re-
habilitation feasible and acceptable? A pragmatic pilot
randomised controlled trial with embedded qualitative
study. BMJ Open 2016;6:1-12. https://doi.org/10.1136/
bmjopen-2015-009284

De Jesus S, Fitzgeorge L, Unsworth K, et al. Feasibil-
ity of an exercise intervention for fatigued breast cancer
patients at a Community-Based cardiac rehabilitation
program. Cancer Manag Res 2017;9:29-39. https://doi.
org/10.2147/CMAR.S117703

Dittus KL, Lakoski SG, Savage PD, et al. Exercise-based
oncology rehabilitation: leveraging the cardiac rehabilita-
tion model. J Cardiopulm Rehabil Prev 2015;35:130-139.
https://doi.org/10.1097/HCR.0000000000000091
Gilchrist SC, Barac A, Ades PA, et al. Cardio-oncology
rehabilitation to manage cardiovascular outcomes
in cancer patients and survivors: a scientific state-
ment from the American Heart Association. Circula-
tion 2019;139:E997-E1012. https://doi.org/10.1161/
CIR.0000000000000679

72

73

74

75

76

Pollan M, Casla-Barrio S, Alfaro J, et al. Exercise and
cancer: a position statement from the Spanish Society of
Medical Oncology. Clin Transl Oncol 2020;22:1710-1729.
https://doi.org/10.1007/s12094-020-02312-y

Scott JM, Nilsen TS, Gupta D, et al. Exercise ther-
apy and cardiovascular toxicity in cancer. Circula-
tion  2018;137:1176-1191.  https://doi.org/10.1161/
CIRCULATIONAHA.117.024671

Murray J, Bennett H, Bezak E, et al. The role of exercise in
the prevention of cancer therapy-related cardiac dysfunc-
tion in breast cancer patients undergoing chemotherapy:
systematic review. Eur J Prev Cardiol 2022;29:463-472.
https://doi.org/10.1093/eurjpc/zwab006

Diaz-Balboa E, Gonzalez-Salvado V, Rodriguez-Romero
B, et al. A randomized trial to evaluate the impact of
exercise-based cardiac rehabilitation for the preven-
tion of chemotherapy-induced cardiotoxicity in patients
with breast cancer: ONCORE study protocol. BMC Car-
diovasc Disord 2021;21:1-12. https://doi.org/10.1186/
§12872-021-01970-2

Foulkes SJ, Howden EJ, Antill Y, et al. Exercise as a di-
agnostic and therapeutic tool for preventing cardiovas-
cular morbidity in breast cancer patients — the BReast
cancer EXercise InTervention (BREXIT) trial protocol.
BMC Cancer 2020;20:1-16. https://doi.org/10.1186/
$12885-020-07123-6


https://doi.org/10.1152/ajpendo.00044.2013
https://doi.org/10.1152/ajpendo.00044.2013
https://doi.org/10.1136/bmjopen-2015-009284
https://doi.org/10.1136/bmjopen-2015-009284
https://doi.org/10.2147/CMAR.S117703
https://doi.org/10.2147/CMAR.S117703
https://doi.org/10.1097/HCR.0000000000000091
https://doi.org/10.1161/CIR.0000000000000679
https://doi.org/10.1161/CIR.0000000000000679
https://doi.org/10.1007/s12094-020-02312-y
https://doi.org/10.1161/CIRCULATIONAHA.117.024671
https://doi.org/10.1161/CIRCULATIONAHA.117.024671
https://doi.org/10.1093/eurjpc/zwab006
https://doi.org/10.1186/s12872-021-01970-2
https://doi.org/10.1186/s12872-021-01970-2
https://doi.org/10.1186/s12885-020-07123-6
https://doi.org/10.1186/s12885-020-07123-6

