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Abstract

Background: Chemotherapy for breast cancer can increase the risk of cancer therapy related cardiac dysfunction (CTRCD).
Exercise has been proposed to prevent CTRCD, however, research to date has indicated high degrees of individual variability
following exercise interventions in this population. Aim: This study aimed to explore the impact of regular, individualized
aerobic exercise on CTRCD incidence (defined by global longitudinal strain [GLS]) during and immediately upon the
completion of dose-dense anthracycline (DDAC) chemotherapy in 5 women with breast cancer. Methods: Five women
receiving DDAC with stage I-lll breast cancer enrolled. Participants underwent resting echocardiography and exercise
testing before, during, upon the completion of, and 3 months after the completion of DDAC treatment to measure GLS
and aerobic fitness (VO,peak). Participants opted-in to an individualized 8-week aerobic exercise intervention (3 sessions
per week, 24 sessions total) or standard care for the duration of their DDAC treatment. Data for each participant were
presented descriptively. Results: Four of the 5 participants completed the exercise intervention during DDAC treatment
(adherence 79.2%-91.7%). Mild asymptomatic CTRCD occurred in 2 of the 4 exercising participants, of whom both were
at an increased risk (one was >65years of age and diagnosed with hypertension, with the other receiving trastuzumab
prior to DDAC treatment). Varied responses in VO,peak were observed and did not align with changes in GLS. The only
participant not to complete the exercise intervention reported poorer health related quality of life and increased cancer
related fatigue at all measurement timepoints. Conclusion: This study details the individual variability in cardiovascular
responses to exercise that can occur during DDAC treatment in women with breast cancer, which can inform exercise
professionals and researchers when designing individualized exercise programs for this population.
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AC.%" However, they are also one of the most common and
effective breast cancer treatments.® As such, interventions
that can reduce the negative impact of AC treatment on car-
diovascular function may assist in the prevention of CTRCD.

Cardiac monitoring via echocardiography is recom-
mended as part of standard care in patients undergoing AC
treatment, with recent European Society of Cardiology
guidelines providing updated criteria for the diagnosis of
CTRCD.” CTRCD is now classified broadly as asymptom-
atic or symptomatic. Asymptomatic CTRCD can be catego-
rized as mild (left ventricular ejection fraction [LVEF] =50%
and relative decline in global longitudinal strain [GLS] by
=15% from baseline), moderate (reduction in LVEF by =10
percentage points to an LVEF of 40% to 49%, or reduction in
LVEF of <10 percentage points to an LVEF of 40% to 49%
with a relative decline in GLS by =15% from baseline), or
severe (reduction in LVEF to <40%).° This is the first guide-
line to include GLS in the diagnosis of CTRCD, with GLS
recognized to detect early changes in myocardial function
prior to changes in LVEF, and to be predictive of future
CTRCD in patients treated with cardiotoxic anti-cancer ther-
apies.>!? The inclusion of GLS in CTRCD diagnosis will
allow the implementation of preventative therapies before a
significant decline in LVEF occurs, which in some cases can
be irreversible, and interrupt anti-cancer therapy.”!!

Exercise is a well-recognized intervention that can
improve cardiovascular health and function and reduce the
risk of modifiable risk factors associated with the develop-
ment of CTRCD including hypertension, diabetes, and dys-
lipidaemia.'>!* Evidence also supports the use of exercise to
improve cardiorespiratory fitness, cancer related fatigue,
and quality of life in individuals with breast cancer, and has
been shown to be safe and feasible at all stages across the
cancer continuum.'*!7 As such, there is growing interest in
the ability of exercise to attenuate declines in GLS and
LVEF and prevent CTRCD in patients undergoing cardio-
toxic chemotherapy for the treatment of breast cancer.'s"
As GLS is a highly sensitive measure that can detect early
changes in myocardial function, and is recognized to pre-
cede reductions in LVEF,>!° frequent monitoring of GLS
during AC chemotherapy may provide the greatest insight
into the ability of exercise to prevent asymptomatic
CTRCD. A systematic review performed by the current
authors found the ability of exercise to prevent CTRCD was
unclear due to the small number of studies and large diver-
sity in methodology and interventions between studies in
this field.?’ Included studies in this review were also limited
by a lack of reporting of individual data and lack of report-
ing of CTRCD incidence,? which is a significant limitation
given the individual nature of CTRCD." Further, included
studies had either a short, or no follow-up period. A recent
randomized trial investigating the impact of exercise on
CTRCD prevention in women with breast cancer undergo-
ing AC treatment found that exercise improved cardiac

reserve and attenuated declines in aerobic fitness, however,
no differences in GLS, LVEF, and CTRCD incidence
between a control group were observed 1 month after the
completion of treatment.?! Conversely, in women with
hypertension and diabetes not undergoing cardiotoxic che-
motherapy, an 8-week acrobic exercise intervention may
improve GLS.?? The difference in outcomes between these
2 studies could suggest that cardiotoxic treatment outweighs
the positive effect of exercise on GLS, or GLS may not
detect improvements in cardiac function following exercise
during AC-based chemotherapy.?' However, as research in
this area is still emerging,' the impact of aerobic exercise
on GLS and asymptomatic CTRCD during, and immedi-
ately upon the completion of AC chemotherapy remains
unknown. As individual responses to similar doses of che-
motherapy and exercise vary, and changes in GLS occur
early in the course of CTRCD development, a detailed
understanding of the short-term, individual responses to
exercise during AC treatment is a logical step to further
understand the role of exercise in this setting.

Therefore, the following series of case reports aims to
present detailed information on how regular, individualized
aerobic exercise impacts GLS, asymptomatic CTRCD inci-
dence, aerobic fitness, and patient reported outcomes dur-
ing and immediately upon the completion of dose-dense AC
chemotherapy in women with breast cancer.

Methods

Participants and Experimental Design

This paper presents case studies of 5 women who under-
went dose-dense (DD) AC chemotherapy between January
2022 and March 2023. Participants were eligible for inclu-
sion if they were: female, scheduled to begin adjuvant or
neoadjuvant DDAC chemotherapy for the treatment of
stage I-III breast cancer, and had no history of structural
heart disease or arrythmias. Participants were recruited
from 3 hospital sites in South Australia (Royal Adelaide
Hospital, Lyell McEwin Hospital, Calvary North Adelaide
Hospital), and referred into the study by their treating
oncologist. This study was granted ethics approval by the
Central Adelaide Local Health Network Human Research
Ethics Committee (protocol number 13976) and the
University of South Australia Human Research Ethics
Committee (protocol number 203909), and prospectively
registered with the Australian New Zealand Clinical Trials
Registry (ANZCTR) (ACTRNI12621001030864). All
experimental procedures were explained to participants,
with signed, informed consent obtained prior to partaking in
any research activities. All procedures conformed to the
standards set by the Declaration of Helsinki.?* Upon enroll-
ment into the study, participants had a choice to join 1 of 2
groups: exercise or standard care. Outcomes measures were
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collected at 4 timepoints throughout the study; baseline (the
week before commencing DDAC chemotherapy), 4 weeks
(after 2 cycles of DDAC chemotherapy), 8 weeks (comple-
tion of DDAC chemotherapy), and 5 months (3 months after
the completion of DDAC chemotherapy).

Measurements

Participant history and chemotherapy details. The name, pre-
scribed dose, and schedule of all chemotherapy treatments,
including DDAC, for each participant was provided by the
treating oncologist. Surgery status and outcomes (if per-
formed), medical history, including comorbidities, current
non-cancer medications, and smoking history was collected
from all participants during the baseline visit of the study.
Self-reported physical activity was collected using the Inter-
national Physical Activity Questionnaire—Short Form.?*

Body composition and point of care testing. Participant height
(m) and mass (kg) were measured using a wall stadiometer
and calibrated SECA 703 electronic scales (Hamburg, Ger-
many). Body mass index (BMI) was calculated (kg/m?).
Resting blood pressure was measured using an OMROM
HEM 7320 blood pressure monitor (Kyoto, Japan). Non-
fasted blood glucose was measured using an Accu-Check
Performa Meter (Indianapolis, USA).

Patient reported outcomes. The European Organisation for
Research and Treatment of Cancer (EORTC) quality of
life questionnaire (QLQ)-C30% and QLQ-FA12%® were
administered to subjectively measure health-related qual-
ity of life and cancer related fatigue. The QLQ-C30 con-
sisted of 30 questions across 3 scales, with each scale
consisting of multiple domains (global health and quality
of life scales, functional scales [physical, role, emotional,
cognitive, social], and symptom scales [fatigue, nausea
and vomiting, pain, dyspnea, insomnia, appetite loss,
constipation, diarrhea, financial difficulties]). The QLQ-
FA12 consisted of 12 questions across 5 domains (physi-
cal fatigue, emotional fatigue, cognitive fatigue,
interference with daily life and social sequelae). All ques-
tions were rated from 1 to 4 (1="not at all”, 2="a little”,
3="quite a bit”, 4="“very much”). Raw scores from each
individual domain of the QLQ-C30 and QLQ-FA12 ques-
tionnaire were transformed onto a linear 0 to 100 scale for
interpretation. For each domain of the QLQ-C30, a score
closer to “100” indicated better quality of life and func-
tional outcomes, but worse symptoms,”’ with a score
closer to “100” for each domain of the QLQ-FA12 indi-
cating higher levels of fatigue/interference.?® Further
information regarding scoring of questionnaires can be
found in the relevant scoring manuals.?>?’” An academic
user agreement was in place with the EORTC for the use
of each questionnaire.

Resting echocardiography. A comprehensive resting echocar-
diography assessment was performed using commercially
available equipment (GE E95, General Electric, Horten,
Norway).?® LV end-diastolic and end-systolic volumes and
LV ejection fraction were measured according to standard
guidelines.?’ LV focused views from an apical 4 chamber, 2
chamber and long axis view of at least 3 beats in duration
were acquired at a frame rate of 60 to 90 frames per second
for assessment of GLS. Furthermore, a 3D dataset incorpo-
rating all LV walls was acquired from an apical 4 chamber
position with volume rate adjusted to at least 20 volumes
per second. GLS and 3D volumes were calculated using
dedicated analysis software on EchoPac (LV Automated
Function Imaging analysis and Auto 4D LV analysis, V.204,
General Electric, Horten, Norway). For GLS calculation, a
region of interest was applied to the endocardial and epicar-
dial borders of the LV with the tracking manually adjusted
to cover the entire myocardium over the cardiac cycle. GLS
was defined as the change in length in the longitudinal plane
of'the LV myocardium from end diastole to end systole over
the 3 apical views. 3D volumes and LVEF were calculated
from the 3D dataset with a region of interest applied to the
endocardial border of the LV. This border was tracked by
the software over the cardiac cycle and manual adjustment
made where required. Participants were deemed inadequate
for GLS assessment where 2 or more LV regions were
unable to be visualized and tracked. Asymptomatic CTRCD
incidence was defined as per current guidelines.’

Cardiorespiratory fitness. A symptom limited peak exercise
test was performed on a Lode Corival (v5.4.0, Groningen,
Netherlands) electronically braked stationary recumbent
cycle ergometer to measure peak oxygen uptake (VO,peak).
The test followed an incremental ramp protocol, beginning
at 25 Watts (W), and increasing by 15W each minute until
volitional exhaustion. A 1-minute warm up and 3-minute
cool-down was completed at 0 W. Respiratory gas (O, and
CO,) was measured continuously via a facemask connected
to a Parvomedics Trueone 2400 Metabolic Measurement
System (Utah, United States). VO,peak was defined as the
highest VO, recorded before volitional exhaustion. Heart
rate (HR) was measured using a Polar H10 (Kempele, Fin-
land) wireless chest strap, and recorded in the last 10sec-
onds of each minute. Rating of perceived exertion (RPE)
was measured using a Borg 6 to 20 RPE scale,** and
recorded in the last 10seconds of each minute.

Interventions

Exercise intervention. Participants who selected the exercise
arm performed 3 aerobic exercise sessions per week, for
8 consecutive weeks. Each session involved 30 minutes of
continuous cycling on a Lode Corival (v5.4.0) electronically
braked stationary recumbent cycle ergometer. Exercise
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intensity was prescribed using a percentage of participant’s
peak HR obtained during baseline VO,peak testing. The
relative intensity of each session was moderate (between
60% and70% HRpeak), with exact intensity adjusted on a
fortnightly basis to align with DDAC treatment schedules.
Lower relative exercise intensities (60%-65% HRpeak)
were prescribed in the first 3 sessions after DDAC treatment,
with higher relative exercise intensities prescribed in the 3
sessions performed during the non-treatment week (70%
HRpeak). This periodization allowed for reduced relative
intensities when fatigue typically peaks post chemotherapy
infusion.’'*> Relative exercise intensity was re-adjusted
after the 4-week testing timepoint based on the new peak HR
achieved. All exercise sessions were delivered one-on-one
and supervised by an accredited exercise physiologist. HR
and RPE were recorded every S minutes to monitor exercise
intensity and for safety purposes. Resting blood pressure or
blood glucose was measured before and after each exercise
session in participants with HTN or T2DM, respectively. All
participants in the exercise arm were instructed to continue
with their daily activities as per normal and were not pre-
cluded from performing exercise independently of the study.

Standard care. Participants who selected the standard care
arm did not perform the exercise intervention described
above. Participants in this arm were instructed to continue
with their daily activities as normal and were not precluded
from performing physical activity and/or exercise indepen-
dently of the study during their DDAC treatment. Self-
reported physical activity was recorded at each measurement
timepoint to account for any independent physical activity
and/or exercise (see section 2.2.1).

Statistical Analysis

As data is presented case by case, no grouped analysis was
performed. All variables are tabulated and presented as raw
values. Relative change from baseline was calculated for
echocardiography and cardiorespiratory fitness variables
and presented as a percentage (%). Adherence to exercise
training frequency was determined by calculating the ratio
of attended exercise sessions to the total planned exercise
sessions, expressed as a percentage. Adherence to prescribed
exercise intensity was calculated by summing the average %
of peak HR achieved across each individual exercise session
divided by the total number of exercise sessions attended.

Results

Participant Demographics and Exercise
Adherence

Eighteen women with breast cancer scheduled to begin
DDAC treatment were referred, with 6 enrolling, and 5

completing the study. One participant withdrew after enroll-
ment due to an inability to travel to the research facility. The
demographic characteristics of each participant at baseline
are presented in Table 1.

Four participants were middle-aged (range 38-55 years)
with 1 older adult (68 years). Based on BMI, 2 participants
were classified as healthy, 1 as overweight, and 2 as obese
class I. Participant 1 was medicated for hypertension, with
all other participants having no comorbidities. All partici-
pants underwent DDAC treatment, with 2 in the adjuvant
setting and 3 in the neoadjuvant setting. The 2 participants
in the adjuvant setting underwent taxane-based treatment
following DDAC, with the 3 participants in the neoadjuvant
setting undergoing taxane-based treatment prior to DDAC.
Participant 4 was the only participant to receive trastu-
zumab. Participant 3 made the decision to cease DDAC
after treatment cycle 3, due to chemotherapy-related toxic-
ity (non-CTRCD related), with all other participants com-
pleting 4 cycles (Table 1).

Participants 1, 2, 4, and 5 completed the 8-week exercise
intervention during DDAC treatment, with participant 3
opting to complete the standard care arm. Adherence to
training frequency was good, with a minimum of 19 and
maximum of 22 sessions attended out of a possible 24 (par-
ticipant 1—91.7% adherence, participant 2—79.2% adher-
ence, participant 4—79.2% adherence, participant
5—87.5% adherence). Adherence to prescribed exercise
intensity was also good, with participants averaging
between 65% and 71% of HRpeak across the exercise inter-
vention (participant 1—65% HRpeak, participant 2—71%
HRpeak, participant 4—68% HRpeak, participant 5—70%
HRpeak). No serious adverse events (defined as events
resulting in death, persistent or significant disability/inca-
pacity, life-threatening situations, or requiring inpatient
hospitalization or prolongation of existing hospitalization)
or non-serious adverse events (including lightheadedness,
dizziness, drop in blood pressure, chest pain, musculoskel-
etal pain, or nausea), were reported during or following any
exercise session.

Resting Echocardiography

Resting echocardiography outcomes are presented in Table 2.
Mild asymptomatic CTRCD (relative reduction in GLS by
=15% from baseline and LVEF = 50%) occurred in 2 par-
ticipants upon the completion of DDAC treatment (partici-
pant 1—19% relative reduction in GLS from baseline,
participant 4—20% relative reduction in GLS from base-
line). In participant 1, GLS reduced further 3 months after
the completion of DDAC, with LVEF remaining the same,
with participant 4 experiencing an improvement in GLS
3months after the completion of DDAC, with LVEF
remaining the same. Although not meeting the criteria for
mild asymptomatic CTRCD, participant 3 (non-exercising
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Table |. Baseline Characteristics of Participants.
Participant | Participant 2 Participant 3 Participant 4 Participant 5
Age, y 68 38 55 45 52
Height, cm 155.4 162.3 163.0 158.0 162.5
Weight, kg 51.7 56.9 75.8 76.35 82.3
BMI, kg'm? 21.5 21.7 28.5 30.6 31.0
BSA, m? 1.49 1.60 1.82 1.78 1.88
Ethnicity Asian Caucasian Caucasian Caucasian Caucasian
Comorbidities Hypertension nil nil nil nil
Medications Telmisartan, 40 mg nil nil nil nil
Smoking history nil nil nil nil nil
Systolic BP, mmHg 126 109 124 130 144
Diastolic BP, mmHg 83 85 74 76 88
Breast cancer
Stage Illa Il Il Ib IIb
Tumor n/a n/a TNBC ER/PR/HER2 positive ER/PR positive, HER2
immunohistology negative
Chemotherapy Adjuvant Adjuvant Neoadjuvant Neoadjuvant Neoadjuvant
setting
Surgery type Mastectomy — Left ~ Mastectomy — Right n/a n/a n/a
breast + axillary breast + axillary
clearance clearance
Chemotherapy Doxorubicin, 60mg/ Doxorubicin, 60mg/ Doxorubicin, 60mg/ Doxorubicin, 60mg/ Doxorubicin, 60 mg/
protocol m2, 4 cycles; m?, 4 cycles; m?, 3 cycles; m?, 4 cycles; m2, 4 cycles;
Cyclophosphamide, = Cyclophosphamide, Cyclophosphamide, Cyclophosphamide, Cyclophosphamide,
600mg/m? 4 cycles; 600 mg/m?, 4 600 mg/m?, 3 600 mg/m?, 4 600 mg/m?, 4 cycles;
Paclitaxel, 80 mg/ cycles; Paclitaxel, cycles; Paclitaxel cycles; Paclitaxel, Paclitaxel, 80 mg/mz,
m2, 10 cycles + 80mg/m?% 5 cycles  80mg/m? 12 cycles 80mg/m?2 12 cycles 12 cycles
60mg/m?, 2 cycles + 70mg/m?, 7 (prior to DDAC); (prior to DDAC). (prior to DDAC).
(after DDAC). cycles Carboplatin,
(after DDAC). 225 mg/m?
(prior to DDAC).
Targeted therapy nil nil nil Trastuzumab, 8 mg/ nil
kg, | cycle + 6/
mg/kg, 3 cycles,
intravenous
(infusion every 3wk
alongside paclitaxel,
prior to DDAC).
Exercise group Yes Yes No Yes Yes

Abbreviations: y. years; cm, centimeters; kg, kilograms; BMI, body mass index; kg.mz, kilograms per meter squared; BSA, body surface area; m?, meters
squared; mg, milligrams; BP, blood pressure; mmHg, millimeters of mercury; n/a, not applicable; TNBC, triple negative breast cancer; ER, estrogen
receptor; PR, progesterone reception; HER2, human epidermal growth factor receptor 2; DDAC, dose dense anthracyclines.

participant) experienced a 14.3% relative reduction in GLS
from baseline upon completion of DDAC, with a mainte-
nance in LVEF. The remaining 2 participants experienced
an improvement in GLS upon the completion of DDAC
(participant 2—13% relative increase from baseline, par-
ticipant 5—35% relative increase from baseline), and did not
meet any criteria for asymptomatic CTRCD. Relative
change in GLS from baseline at each time point for each
participant is presented in Figure 1. No participants experi-
enced a drop in LVEF by =10 percentage points or had an
LVEF of 40% to 49% at any timepoint. Upon the comple-
tion of DDAC treatment, resting HR increased substantially

from baseline in participant 1 (23bpm), participant 2
(12bpm), participant 3 (23 bpm), and participant 4 (26 bpm).

Cardiorespiratory Fitness

Symptom limited exercise testing outcomes are presented in
Table 2. Participant 1 and 2 experienced a reduction in
VO,peak from baseline to 8-weeks (participant 1—9.2%
relative reduction from baseline, participant 2—11.8% rela-
tive reduction from baseline), which remained reduced
3months following the completion of DDAC treatment. A
maintenance in VO,peak was observed in participants 3 and
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Table 2. Resting Echocardiography and Cardiorespiratory Fitness Outcomes at Baseline, 4-Weeks, 8-Weeks, and 20-Weeks for Each

Participant.
Resting echocardiography Cardiorespiratory fitness
GLS, LVEF, RVFWS, EDV, ESV, HR, VO,Peak, VO,Peak, Peak HR, bpm Peak SBP, DBP,
% % % mL mL  bpm SV,mL CO,LUmin mL/kg/min L/min (% APMHR) RER  RPE, /20 mmHg mmHg

Participant |

Baseline -21.0 63 -27.0 77 28 64 52.86 3.38 16.3 0.84 137 (85) 1.13 15 126 83

4-weeks -24.8 6l -24.5 73 28 66 79.97 5.28 16.8 0.86 152 (95) 1.12 13 129 84

8-weeks -17.0 56 -21.0 71 31 87 54.69 4.76 14.8 0.74 149 (93) 1.18 14 123 8l

20-weeks -16.0 56 -25.0 72 32 73 68.58 5.01 13.4 0.74 134 (84) 1.09 14 98 78
Participant 2

Baseline -15.0 60 n/a 74 29 69 51.18 3.53 35.5 2.02 187 (103) 1.17 17 109 85

4-weeks -20.0 60 -25.0 83 34 68 67.20 3.29 35.1 1.94 184 (101) 1.31 19 103 69

8-weeks -17.0 59 -18.0 63 26 8l 61.55 4.99 31.3 1.78 188 (104) 1.28 19 108 69

20-weeks -18.0 55 -23.0 75 34 89 53.28 4.74 31.3 1.87 173 (95) 1.21 19 101 70
Participant 3*

Baseline -14.0 60 nla 8l 32 60 75.36 4.52 13.1 1.00 113 (67) 1.14 19 124 74

4-weeks -16.0 58 -20.0 76 32 90 73.05 6.57 13.6 1.04 125 (74) 1.10 15 127 88

8-weeks -12.0 60 -18.0 79 32 83 68.45 5.68 13.6 1.05 124 (73) 1.05 20 118 82

20-weeks n/a nla n/a nla nla nla n/a n/a n/a nla nla nla nla n/a n/a
Participant 4

Baseline -20.0 67 -20.0 116 38 60 87.92 5.28 248 1.90 150 (85) 1.16 17 130 76

4-weeks -21.0 60 -19.0 118 47 60 85.41 5.12 24.0 1.81 148 (84) 1.22 15 116 75

8-weeks -16.0 62 -15.0 98 37 86 66.12 5.69 24.6 1.86 149 (84) 1.10 16 114 80

20-weeks -18.0 62 -27.0 103 39 59 75.00 4.44 26.0 1.94 160 (91) 1.21 15 129 91
Participant 5

Baseline -20.0 56 -26.0 104 45 56  116.26 6.51 21.6 1.77 127 (74) 1.08 19 144 88

4-weeks -20.0 6l -29.0 124 48 59 101.06 5.96 22.1 1.79 132 (77) 1.05 19 130 85

8-weeks -21.0 64 -30.0 114 42 56  102.58 5.74 242 1.94 141 (82) 1.00 17 118 80

20-weeks -20.0 59 -21.0 127 52 50 118.00 5.92 226 1.09 145 (85) 1.12 17 130 84

Abbreviations: GLS, global longitudinal strain; LVEF, left ventricular ejection fraction; RVFWS, right ventricular free wall strain; EDV, end diastolic volume; ESV, end systolic
volume; HR, heart rate; SV, stroke volume; CO, cardiac output; mL, milliliters; bpm, beats per minute; L/min, liters per minute; VO,Peak, peak oxygen consumption;
%APMHR, percentage of age predicted maximum heart rate; RER, respiratory exchange ratio; RPE, ratings of perceived exertion; SBP, systolic blood pressure; DBP, diastolic
blood pressure; mL/kg/min, milliliters per kilogram per minute; mmHg, millimeters of mercury.

*Participant 3 opted into the standard care arm and did not perform the exercise intervention.
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Figure |. Relative change in GLS from baseline at each time
point for each participant. At 4-weeks, GLS improved or

was maintained from baseline in all participants, however, at
8-weeks, GLS reduced below the 4-week measurement in all but
one participant.

Abbreviations: P, participant; GLS, global longitudinal strain.

4, with a 12.1% relative improvement in VO,peak observed
in participant 5 upon the completion of DDAC treatment.
Participant 5°s VO,peak remained above baseline levels
3 months after the completion of DDAC treatment, despite
experiencing a relative reduction in VO,peak of 6.6% during

that period, with participant 4 experiencing a 5.7% relative
increase in VO,peak in the 3 months following DDAC treat-
ment. A higher peak HR was achieved in 4 of the 5 partici-
pants at 8-weeks, with peak RPE increasing in participant 2
and 3, and reducing in participant 1, 4, and 5 upon the com-
pletion of DDAC treatment. A respiratory exchange ratio of
1.00 or greater was achieved by all participants in all exer-
cise tests. Systolic blood pressure was lower in all partici-
pants at 8-weeks compared to baseline, with participants 4
and 5 experiencing the greatest absolute reductions of —16
and —26 mmHg, respectively. These reductions in systolic
blood pressure were maintained for participants 1 and 2
three months post DDAC treatment, with participant 4 and 5
experiencing in increase in systolic blood pressure back to
baseline and 4-week levels, respectively.

Self-Reported Physical Activity

Self-reported physical activity for each participant at each
timepoint is presented in Table 3. At baseline, only partici-
pants 4 and 5 met the currently physical activity guidelines of
>150minutes of moderate to vigorous exercise or physical
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Table 3. Self-reported Physical Activity and Cancer Related Fatigue (QLQ-FA12) Data at Baseline, 4-Weeks, 8-Weeks, and

20-Weeks for Each Participant.

Self-reported physical activity

QLQ-FAI12 questionnaire

Vigorous, Moderate, Walking, Sedentary

Physical
min/week min/week min/week time, min/day fatigue, /100 fatigue, /100 fatigue, /100 /100

Social
sequelae, /100

Emotional Cognitive  Daily life,

Participant |
Baseline 0 15 0 120
4-weeks 0 90 10 300
8-weeks 0 90 15 120
20-weeks 0 30 0 120
Participant 2
Baseline 0 0 120 210
4-weeks 0 90 15 300
8-weeks 0 120 75 480
20-weeks 40 0 45 300
Participant 3*
Baseline 0 0 0 600
4-weeks 0 0 0 840
8-weeks 0 20 0 720
20-weeks n/a n/a n/a n/a
Participant 4
Baseline 0 140 60 180
4-weeks 0 90 40 300
8-weeks 0 90 45 600
20-weeks 0 240 160 240
Participant 5
Baseline 80 120 420 180
4-weeks 0 90 225 240
8-weeks 0 90 300 360
20-weeks 40 120 420 300

0 0 0 0 0

0 0 0 0
26.67 0 0 0 0

0 0 0 0 0
20.00 2222 33.33 33.33 0
26.67 2222 33.33 33.33 0
46.67 11T 16.67 33.33 0
40.00 2222 16.67 33.33 0
66.67 77.78 83.33 100 66.67
80.00 77.78 66.67 100 66.67
46.67 66.67 33.33 66.67 0
n/a n/a n/a n/a n/a
26.67 0 16.67 0 0
20.00 111 16.67 0 0
33.33 22.22 16.67 0 0
20.00 0 16.67 0 0
6.67 0 0 33.33 0
6.67 111 0 0 0
13.33 0 0 33.33 0

0 0 0 0 0

Abbreviations: QLQ-FA2, quality of life questionnaire—fatigue |12; min/week, minutes per week; min/day. minutes per day; /100, score out of 100; n/a,

participant did not attend.

*Participant 3 opted into the standard care arm and did not perform the exercise intervention.

activity per week (including walking). No participant per-
formed vigorous exercise or physical activity during DDAC
treatment, with participants 2 and 5 performing vigorous
exercise or physical activity after the completion of DDAC
treatment. Moderate exercise and physical activity increased
from baseline in participant 1 and 2 and reduced from base-
line in participant 4 and 5. All moderate exercise and physical
activity performed during DDAC treatment in participants 1,
2,4, and 5 was attributed to the exercise intervention com-
pleted in this study (participant 2 performed 4 exercise ses-
sions in the final week of the study, totaling 120 minutes).
Participants 1 and 2 reported a reduction in moderate exer-
cise and physical activity in the 3 months following DDAC
treatment, with participants 4 and 5 reporting an increase.
Participants 2, 3, 4, and 5 reported a reduction in total walk-
ing minutes during treatment, which was more pronounced at
4-weeks, with participants 2, 3, 4, and 5 also reporting an
increase in weekly sedentary time during DDAC treatment,
despite participants 2, 4, and 5 participating in the exercise
intervention. A small increase in weekly walking was

reported by participant 1 during treatment, with a mainte-
nance in self-reported sedentary behavior.

Patient Reported Outcomes

Cancer related fatigue data for each participant are reported
in Table 3. Participant 3 reported high levels of fatigue and
interference of treatment with daily life at all time points,
across all domains. Participant 2 experienced slight physi-
cal fatigue that increased from baseline over the course of
treatment, while fatigue and interference reported in all
other domains remained the same or reduced both during
and 3-months post treatment. Participant 4 experienced
consistent, slight physical fatigue during and 3-months post
treatment, with emotional and cognitive fatigue reported.
Minimal fatigue and interference were reported by partici-
pants 1 and 5 across all domains throughout DDAC treat-
ment. Health related quality of life data for each participant
are presented in Table 4. Participant 1, 4, and 5 reported
high levels of physical, role, emotional, cognitive, and
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social function at baseline, which remained similar through-
out DDAC treatment. Participant 2 reported an increase
from baseline across all 5 functional domains during and
3-months post treatment. Participant 3 experienced a reduc-
tion and/or maintenance from baseline across all 5 func-
tional domains at 4-weeks, with an increase from baseline
across 4 of the 5 domains reported upon the completion of
DDAC treatment. Participant 1, 4, and 5 reported minimal
symptoms across the 9 symptom domains at all timepoints,
with minor fatigue the most commonly reported. Participant
2 reported moderate fatigue, and moderate to high levels of
dyspnea, insomnia, and constipation during and after
DDAC treatment. Participant 3 experienced moderate to
high symptoms across all symptom domains (excluding
diarrhea), with symptoms across each domain predomi-
nantly worse at 4-weeks compared to 8-weeks (completion
of DDAC). At all timepoints, perceived health and quality
of life was slightly reduced in participant 1 and 4, moder-
ately reduced in participants 2 and 5, and considerably
reduced in participant 3.

Discussion

This study investigated the impact of regular, individual-
ized aerobic exercise on GLS, asymptomatic CTRCD inci-
dence, acrobic fitness, and patient reported outcomes in a
series of women undergoing DDAC chemotherapy for the
treatment of breast cancer. Varied responses to exercise
were observed for GLS, CTRCD incidence, and aerobic fit-
ness. Exercise adherence was high for all participants, and
no serious or non-serious adverse events or exacerbation of
side-effects were experienced during exercise. Findings
from this research outline the individual responses to exer-
cise during DDAC treatment in women with breast cancer.
Of the 4 participants who completed the exercise inter-
vention, 2 met the criteria for mild asymptomatic CTRCD,
while 2 experienced an improvement in GLS upon the com-
pletion of DDAC. Participant 1, who experienced a 19%
relative decline in GLS form baseline, was the eldest par-
ticipant, and only participant with a cardiovascular risk fac-
tor for the development of CTRCD (hypertension), which
may explain the decline in GLS observed.!>* It is impor-
tant to note that this decline occurred irrespective of partici-
pant 1 receiving the lowest cumulative AC dose (due to
having the lowest body surface area), possibly indicating
that lower cumulative AC doses may not always accommo-
date age related risks for CTRCD. Interestingly, GLS has
been shown to be reduced in women with hypertension,
however, participant 1 had the highest baseline GLS of all
participants.’*3 Participant 4, who experienced a 20% rela-
tive decline in GLS from baseline, did not have any risk
factors for the development of CTRCD, and was meeting
the physical activity guidelines prior to commencing DDAC
treatment. This was similar to participant 5, who in contrast,

experienced an improvement in GLS from baseline upon
the completion of DDAC. Both participants received a sim-
ilar cumulative dose of DDAC and had similar adherence to
exercise training frequency and intensity, but due to differ-
ent immunohistology breast cancer characteristics, partici-
pant 4 received trastuzumab prior to DDAC. Along with
cumulative AC dose, concomitant trastuzumab treatment
with AC has been shown to increase the risk of developing
CTRCD,***” which may explain this finding. Participant 5
also completed greater amounts of independent physical
activity and reported less sedentary behavior during treat-
ment, compared to participant 4, which may highlight the
possible impact of adhering to an active lifestyle in con-
junction with structured exercise on myocardial function
during DDAC treatment.®® Participant 2, who was the
youngest participant, experienced the greatest improvement
in GLS. While risk factors for the development of CTRCD
are well described, the findings observed highlight the indi-
vidual nature of CTRCD."? Along with reductions in GLS,
participants 1 and 4 also had the greatest drop in LVEF,
however, this drop was less than 10% for both. Although
participant 3 (non-exercising participant) did not meet the
criteria for mild asymptomatic CTRCD (14.3% decline in
GLS from baseline), their GLS was significantly abnormal
at baseline and at the completion of DDAC treatment,
despite ceasing treatment after 3 cycles due to experiencing
chemotherapy-related toxicity. It is unknown if GLS
remained reduced 3-months post DDAC treatment as this
participant did not return for their final visit. The reduction
in GLS observed in participant 3 could be attributed to the
relatively high AC dose across the 3 cycles combined with
low levels of physical activity.

This study is the first to highlight the individual variation
in GLS observed in response to AC treatment and acrobic
exercise, although findings are similar to those presented at
a group level by Foulkes et al?! and more recently Antunes
et al.* The same exercise intervention performed in this cur-
rent study has been shown to improve GLS in women with
cardiovascular disease risk factors,??> which may suggest that
other factors, such cumulative AC dose and combination
treatment outweigh the potential benefits of aerobic exercise
on myocardial function as measured by GLS. Results from
this study may also support this suggestion, as after 4-weeks,
GLS was improved or maintained from baseline in all par-
ticipants, potentially indicating an acute positive effect of
exercise on GLS. However, at the completion of DDAC
treatment when cumulative dose increased, GLS reduced
below the 4-week measurement in all but one participant
(Figure 1). These findings may indicate that 90 minutes of
moderate intensity aerobic exercise per week can delay
potential short term (<5weeks) declines in GLS, but may
not be sufficient to attenuate declines in GLS once cumula-
tive AC dose peaks. This seems logical given cumulative AC
is the single biggest risk factor for the development of
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CTRCD,”3340 although this finding must be interpreted with
caution due to the nature of the case series design. Future
research should explore whether higher volumes of moder-
ate intensity aerobic exercise, or the inclusion of higher
intensity interval training during DDAC treatment, can pro-
vide additional benefits beyond 4 weeks.

Similar to GLS, 2 exercising participants experienced a
reduction in VO,peak, whilst 2 participants experienced a
maintenance or improvement in VO,peak upon the comple-
tion of DDAC treatment. While participant 1 experienced a
reduction in both GLS and VO,peak, participant 2, who
experienced the greatest relative improvement in GLS from
baseline, experienced the greatest reduction in VO,peak
from baseline. Participant 5 was the only participant to
experience an improvement in both GLS and VO,peak
upon the completion of DDAC treatment. Although not an
aim of this study, change in VO,peak and GLS did not
appear to occur in the same direction, which is again similar
to findings from recent randomized controlled trials.?!-
The reduction in VO,peak observed in 2 of the 4 exercising
participants does not align with literature supporting the use
of exercise to maintain or improve aerobic fitness in women
with breast cancer undergoing AC chemotherapy.?’
Participant 2, who experienced the greatest reduction in
VO,peak upon the completion of DDAC, also scored poorer
across multiple symptom domains in comparison to the
other 3 exercising participants upon the completion of
DDAC treatment (Table 4). As a VO,peak test is ceased at
volitional exhaustion (ie, when the participant determines
they have reached their maximum), an increase in symp-
toms could contribute to an increased perception of effort,
resulting in a lower VO,peak. However, respiratory
exchange ratio, RPE, and HR at 8-weeks were all higher
than baseline testing in participant 2, suggesting a real
reduction in VO,peak did occur, making this finding diffi-
cult to explain. The maintenance and improvement in
VO,peak compared to baseline observed in participants 4
and 5 respectively, and better patient reported outcomes at
baseline compared to participant 2, is a surprising finding
given participant 4 and 5 received taxane-based and trastu-
zumab (participant 4 only) chemotherapy prior to com-
mencing DDAC. It would be appropriate to assume the
accumulation of treatment upon the completion of DDAC
may have led to a reduction in VO,peak in participants 4
and 5, however, this was not observed. In comparison to age
and gender-adjusted normative values for VO,peak, all par-
ticipants were significantly below normative values at base-
line and upon the completion of DDAC treatment.*!
Participants 1 and 4, who met the criteria for mild asymp-
tomatic CTRCD upon the completion of DDAC treatment,
reached 53% and 65% of their age and gender predicted
VO,peak at baseline, respectively. This may highlight
reduced VO,peak at baseline as a potential risk for negative
cardiovascular outcomes during DDAC treatment. This

seems logical, given the strong relationship between
VO,peak and heart failure, which is an end point of
CTRCD.* Furthermore, a VO,peak of <15.4mL/kg/min
has been shown to be associated with an increase in heart
failure risk and mortality in breast cancer patients.*>* Upon
the completion of DDAC treatment, participant 1 had a
VO,peak of 14.8 mL/kg/min, which may partially explain
the decline in GLS observed. Participants 1 and 2 reported
lower levels of exercise and physical activity in the 3 months
following the completion of DDAC compared to partici-
pants 4 and 5, which is likely due to the continuation of
taxane-based chemotherapy during this time, and may
explain the changes in VO,peak observed at this timepoint.

The benefits of exercise and physical activity for
improving fatigue, quality of life, and general treatment
related experiences during chemotherapy are well recog-
nized.'*1%* In line with the literature, participant 3, who
opted to not perform the exercise intervention during
DDAC treatment, reported poorer outcomes within all
domains of the functional, symptom, and global health
scales of the QLQ-C30 questionnaire (Table 4), and within
all domains of the QLQ-FA12 questionnaire (Table 3),
compared to participants who completed the exercise
intervention. Improved patient reported outcomes were
also maintained 3-months post the completion of DDAC
for all exercising participants, supporting the long-term
benefits of exercising during chemotherapy. With no seri-
ous or non-serious adverse events of exacerbation of side-
effects occurring during exercise, and the high adherence
to exercise training frequency and intensity observed
across all participants, findings from this study further
support the safety and feasibility of exercise during DDAC
chemotherapy for breast cancer. Despite the positive treat-
ment related benefits experienced by exercising partici-
pants in this study, the low uptake of participants into the
study (33.3% of those referred, enrolled in the study) is a
key consideration for future research in this area. These
findings suggest that exercise may not be valued or priori-
tized by women with breast cancer, there may be fear asso-
ciated with exercising during breast cancer treatment, or
there may be a lack of education about the benefits and
safety of exercise during anti-cancer treatment provided
by cancer clinicians. Such barriers to exercise participa-
tion have been identified in previous research,**® and
highlight a potential lack in translation regarding the ben-
efits of exercise to both consumers and clinicians.

Strengths, Limitations, and Future Research

The small sample size prevented any formal statistical
analysis being performed and impacts the generalization
of findings to a larger population of women undergoing
DDAC chemotherapy for the treatment of breast cancer.
However, the study design allowed for detailed analysis at
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an individual level, with many of the key observations dis-
cussed likely to be missed if grouped analysis was per-
formed. The varied participant characteristics at baseline,
and different chemotherapy regimens prescribed adds addi-
tional benefits to the presentation of individual data, and
more closely reflects clinical practice. Furthermore, with
responses to both chemotherapy and exercise different for
each individual, the presentation of individual data identi-
fied unique clinical considerations for exercise profession-
als prescribing exercise to this population, and for
researchers planning future trials in this field. A true mea-
sure of VO, maximum would have provided greater insight
into the effect of exercise on cardiorespiratory fitness.
However, this testing was not deemed appropriate in the
population studied due to the requirement to do a validation
stage, which adds additional participant burden. The super-
vised, one-to-one nature of exercise sessions performed in
this study may not reflect the typical exercise performed
during anti-cancer treatment that is, home-based exercise or
group-based exercise where supervision is intermittent. As
such, the exercise adherence achieved, and dose of exercise
performed in this study may not be replicable in non-
research settings. This study originally planned to recruit
women with risk factors for the development of CTRCD, as
literature in this area is lacking.”® However, due to the
recruitment challenges described above, this was not
achieved, and leaves a gap for future research to explore.
While recent randomized controlled trials have investigated
the impact of exercise on GLS and CTRCD incidence at a
group level in this population,?'*? additional studies of sim-
ilar design will assist in the validation of these findings. As
the impact of exercise on GLS and asymptomatic CTRCD
incidence was varied amongst participants in this study,
future research should investigate if different volumes and/
or intensities of exercise that is, up to 5 acrobic exercise
sessions per week, or high intensity interval training, have a
more consistent impact on GLS and asymptomatic CTRCD
incidence. Future research may also monitor the effective-
ness of group or home-based exercise on cardiac outcomes
in women undergoing cardiotoxic chemotherapy for the
treatment of breast cancer.

Conclusion

This study provides insight into the impact of regular, indi-
vidualized aerobic exercise on GLS, asymptomatic CTRCD
incidence, aerobic fitness, and patient reported outcomes in
a series of women undergoing DDAC chemotherapy for the
treatment of breast cancer. Results highlight the individual
variability in cardiovascular responses to exercise that can
occur during DDAC treatment, and support the safety and
efficacy of exercise during DDAC treatment. Findings can
inform exercise professionals and researchers when design-
ing individualized exercise programs for this population.

Author Contributions

IJM, HB, SSN, EB, and RP contributed to the study conception and
design. JM, SSN, and RJ were involved in recruitment, and JM
and RP collected the data. JM, HB, and RP analyzed and inter-
preted the data. JM drafted the manuscript, with HB, SSN, RJ, EB,
and RP involved in final manuscript drafting. All authors reviewed,
edited, and approved the final manuscript to be published.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: J.M.
is supported by an Australian Government Research Training
Program Scholarship. This research was supported by the
University of South Australia Cancer Research Institute.

ORCID iD

James Murray https://orcid.org/0000-0002-9585-4951

References

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-249.

2. World Health Organisation. Cancer. Accessed January 9,
2023. https://www.who.int/news-room/fact-sheets/detail/can-
cer

3. Gernaat SAM, Ho PJ, Rijnberg N, et al. Risk of death from
cardiovascular disease following breast cancer: a systematic
review. Breast Cancer Res. 2017;164(3):537-555.

4. Gilchrist SC, Barac A, Ades PA, et al.; American Heart
Association Exercise, Cardiac Rehabilitation, and Secondary
Prevention Committee of the Council on Clinical Cardiology;
Council on Cardiovascular and Stroke Nursing; and Council
on Peripheral Vascular Disease. Cardio-oncology rehabilita-
tion to manage cardiovascular outcomes in cancer patients
and survivors: a scientific statement from the American Heart
Association. Circulation. 2019;139(21):¢997-¢1012.

5. Thavendiranathan P, Poulin F, Lim K-D, et al. Use of myo-
cardial strain imaging by echocardiography for the early
detection of cardiotoxicity in patients during and after can-
cer chemotherapy: a systematic review. J Am Coll Cardiol.
2014;63(25):2751-2768.

6. Barbar T, Mahmood SS, Liu JE. Cardiomyopathy preven-
tion in cancer patients. Cardiol Clin. 2019;37(4):441-447.
d0i:10.1016/j.cc1.2019.07.009

7. Cardinale D, Colombo A, Bacchiani G, et al. Early detec-
tion of anthracycline cardiotoxicity and improvement with
heart failure therapy. Circulation. 2015;131(22):1981-1988.
doi:10.1161/CIRCULATIONAHA.114.013777

8. EarlyBreastCancer Trialists' Collaborative Group (EBCTCG);
Peto R, Davies C, Godwin J, et al. Comparisons between


https://orcid.org/0000-0002-9585-4951
https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/cancer

Integrative Cancer Therapies

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

different polychemotherapy regimens for early breast cancer:
meta-analyses of long-term outcome among 100,000 women
in 123 randomised trials. Lancet. 2012;379(9814):432-444.
Lyon AR, Lépez-Fernandez T, Couch LS, et al. Guidelines
on cardio-oncology developed in collaboration with the
European Hematology Association (EHA), the European
Society for Therapeutic Radiology and Oncology (ESTRO)
and the International Cardio-Oncology Society (IC-OS):
developed by the task force on cardio-oncology of the
European Society of Cardiology (ESC). Eur Heart J.
2022;43(41):4229-4361.

Negishi K, Negishi T, Haluska BA, et al. Use of speckle strain
to assess left ventricular responses to cardiotoxic chemother-
apy and cardioprotection. Eur Heart J Cardiovasc Imaging.
2014;15(3):324-331.

Curigliano G, Lenihan D, Fradley M, et al.; ESMO Guidelines
Committee. Management of cardiac disease in cancer patients
throughout oncological treatment: ESMO consensus recom-
mendations. Ann Oncol. 2020;31(2):171-190. doi:10.1016/j.
annonc.2019.10.023

Kraus W, Powell K, Haskell W, et al. Physical activity, all-
cause and cardiovascular mortality, and cardiovascular dis-
ease. Med Sci Sports Exerc.2019;51(6):1270.

Bloom MW, Hamo CE, Cardinale D, et al. Cancer ther-
apy-related cardiac dysfunction and heart failure Part
1: Definitions, Pathophysiology, risk factors, and imag-
ing. Circ Heart Fail. 2016;9(1): e002661. doi:10.1161/
CIRCHEARTFAILURE.115.002661

Lee J, Lee M-G. Effects of exercise interventions on breast
cancer patients during adjuvant therapy: a systematic review
and meta-analysis of randomized controlled trials. Cancer
Nurs. 2020;43(2):115-125.

Lee K, Kang I, Mack WJ, et al. Feasibility of high intensity
interval training in patients with breast cancer undergoing
anthracycline chemotherapy: a randomized pilot trial. BMC
Cancer. 2019;19(1):653.

Mustian KM, Alfano CM, Heckler C, et al. Comparison
of pharmaceutical, psychological, and exercise treatments
for cancer-related fatigue: a meta-analysis. JAMA Oncol.
2017;3(7):961-968.

Hayes SC, Newton RU, Spence RR, Galvao DA. The
exercise and Sports Science Australia position statement:
Exercise medicine in cancer management. J Sci Med Sport.
2019;22(11):1175-1199.

Jacquinot Q, Meneveau N, Degano B, Mougin F. Physical
exercise program, a strategy to prevent cardiotoxicity in
early breast cancer: A literature review. Artic Mov Sport Sci.
2019;2019(103):39-44. doi:10.1051/sm/2018016

Campbell KL, Winters-Stone KM, Wiskemann J, et al.
Exercise guidelines for cancer survivors: consensus state-
ment from international multidisciplinary roundtable. Med
Sci Sports Exerc. 2019;51(11):2375-2390. doi:10.1249/
mss.0000000000002116

Murray J, Bennett H, Bezak E, Perry R. The role of exer-
cise in the prevention of cancer therapy-related cardiac dys-
function in breast cancer patients undergoing chemotherapy:
systematic review. Eur J Prev Cardiol. 2022;29(3):463-472.
doi:10.1093/eurjpc/zwab006

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Foulkes SJ, Howden EJ, Haykowsky MJ, et al. Exercise for
the prevention of anthracycline-induced functional disability
and cardiac dysfunction: the BREXIT study. Circulation.
2023;147(7):532-545.

Murray J, Bennett H, Bezak E, Perry R (in press). Exercise
positively impacts global longitudinal strain in women at risk
of developing cardiovascular disease. Eur J Sport Sci. 2023.
World Medical Association. World Medical Association
Declaration of Helsinki: ethical principles for medi-
cal research involving human subjects. J Am Med Assoc.
2013;310(20):2191-2194. doi:10.1001/jama.2013.281053
Craig C, Marshall A, Sjéstrdm M, et al. International physi-
cal activity questionnaire: 12-country reliability and validity.
Med Sci Sports Exerc. 2003;35(8):1381-1395.

Aaronson NK, Ahmedzai S, Bergman B, et al. The European
Organization for research and Treatment of Cancer QLQ-C30:
a quality-of-life instrument for use in international clinical tri-
als in oncology. J Natl Cancer Inst. 1993;85(5):365-376.
Weis J, Tomaszewski KA, Hammerlid E, et al.; EORTC
Quality of Life Group. International psychometric valida-
tion of an EORTC quality of life module measuring cancer
related fatigue (EORTC QLQ-FA12). J Natl Cancer Inst.
2017;109(5):djw273.

Fayers P, Aaronson N, Bjordal K, Sullivan M. EORTC QLO—
C30 scoring manual. European Organisation for Research
and Treatment of Cancer; 1995.

Mitchell C, Rahko PS, Blauwet LA, et al. Guidelines for per-
forming a comprehensive transthoracic echocardiographic
examination in adults: recommendations from the American
Society of Echocardiography. J Am Soc Echocardiogr.
2019;32(1):1-64.

Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for
cardiac chamber quantification by echocardiography in adults:
an update from the American Society of Echocardiography
and the European Association of Cardiovascular Imaging.
Eur Heart J Cardiovasc Imaging. 2015;16(3):233-271.

Borg G. Borg's Perceived Exertion and Pain Scales. Human
kinetics; 1998.

Tazi EM, Errihani H. Evaluation and management of fatigue
in oncology: A multidimensional approach. Indian J Palliat
Care. 2011;17(2):92-97.

Murray J, Bennett H, Perry R, Bezak E, Davison K. How
do practitioners prescribe exercise to patients with breast
cancer? Professional perspectives on the key considerations
for aerobic exercise in patients with breast cancer undergo-
ing chemotherapy. J Sci Med Sport. 2023. doi:10.1016/j.
jsams.2023.09.018.

Henriksen PA. Anthracycline cardiotoxicity: an update
on mechanisms, monitoring and prevention. BMJ Heart.
2018;104(12):971-977.

Soufi Taleb Bendiab N, Meziane-Tani A, Ouabdesselam S,
et al. Factors associated with global longitudinal strain decline
in hypertensive patients with normal left ventricular ejection
fraction. Eur J Prev Cardiol. 2017;24(14):1463-1472.

Tadic M, Sala C, Carugo S, et al. Myocardial strain
in hypertension: a meta-analysis of two-dimensional
speckle tracking echocardiographic studies. J Hypertens.
2021;39(10):2103-2112.



Murray et al

13

36.

37.

38.

39.

40.

Dempsey N, Rosenthal A, Dabas N, et al. Trastuzumab-
induced cardiotoxicity: a review of clinical risk factors,
pharmacologic prevention, and cardiotoxicity of other HER2-
directed therapies. Breast Cancer Res. 2021;188:21-36.
doi:10.1007/s10549-021-06280-x

Saleh Y, Abdelkarim O, Herzallah K, Abela GS.
Anthracycline-induced cardiotoxicity: mechanisms of action,
incidence, risk factors, prevention, and treatment. Heart Fail
Rev. 2021;26:1159-1173.

Naaktgeboren WR, Groen WG, Jacobse JN, et al. Physical activ-
ity and cardiac function in long-term breast cancer survivors: a
cross-sectional study. JACC Cardio Oncol.2022;4(2):183-191.
Antunes P, Joaquim A, Sampaio F, et al. Effects of exercise
training on cardiac toxicity markers in women with breast
cancer undergoing chemotherapy with anthracyclines: a ran-
domized controlled trial. Eur J Prev Cardiol. 2023;30(9):844-
855. doi:10.1093/eurjpc/zwad063

Von Hoff DD, Layard MW, Basa P. Risk factors for doxo-
rubicin-Lnduced congestive heart failure. Ann Intern Med.
1979;91(5):710-717.

41.

42.

43.

44,

45.

46.

Aspenes ST, Nilsen TIL, Skaug E-A, et al. Peak oxygen
uptake and cardiovascular risk factors in 4631 healthy women
and men. Med Sci Sports Exerc. 2011;43(8):1465-1473.
Khan H, Kunutsor S, Rauramaa R, et al. Cardiorespiratory
fitness and risk of heart failure: a population-based follow-up
study. Eur J Heart Fail. 2014;16(2):180-188.

Jones LW, CourneyaKS, Mackey JR, etal. Cardiopulmonary
function and age-related decline across the breast cancer
survivorship continuum. J Clin Oncol. 2012;30(20):2530-
2537.

Mokhtari-Hessari P, Montazeri A. Health-related quality of
life in breast cancer patients: review of reviews from 2008 to
2018. Health Qual Life Outcomes. 2020;18:338.

Browall M, Mijwel S, Rundqvist H, Wengstrom Y. Physical
activity during and after adjuvant treatment for breast cancer:
an integrative review of women’s experiences. Integr Cancer
Ther.2018;17(1):16-30.

Murray J, Perry R, Pontifex E, et al. The impact of breast cancer
on fears of exercise and exercise identity. Patient Educ Couns.
2022;105(7):2443-2449. doi:10.1016/j.pec.2022.03.002



