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Abstract

Background: Exercise rehabilitation is a promising strategy for reducing cardiovascular disease risk among patients with breast
cancer. However, the evidence is primarily derived from programs based at exercise centers with in-person supervised delivery.
Conversely, most patients report a preference for home-based rehabilitation. As such, there is a clear need to explore strategies
that can provide real-time supervision and coaching while addressing consumer preferences. Evidence from cardiac rehabilitation
has demonstrated the noninferiority of a smartphone-based telerehabilitation approach (REMOTE-CR) to improve cardiorespiratory
fitness in people with cardiovascular disease compared to a center-based program.

Objective: This study aims to assess the feasibility, safety, and preliminary efficacy of the REMOTE-CR program adapted for
patients with breast cancer at risk of cardiotoxicity (REMOTE-COR-B). We will also assess the satisfaction and usability of
REMOTE-COR-B.

Methods: We will conduct a single-arm feasibility study of the REMOTE-COR-B program among patients with stage I-III
breast cancer who are at risk of cardiotoxicity (taking treatment type and dose, as well as other common cardiovascular disease
risk factors into account) and who are within 24 months of completing primary definitive treatment. Participants (target sample
size of 40) will receive an 8-week smartphone-based telerehabilitation exercise program involving remotely delivered real-time
supervision and behavior change support. The platform comprises a smartphone and wearable heart rate monitor, as well as a
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custom-built smartphone app and web application. Participants will be able to attend remotely monitored exercise sessions during
set operating hours each week, scheduled in both the morning and evening. Adherence is the primary outcome of the trial, assessed
through the number of remotely monitored exercise sessions attended compared to the trial target (ie, 3 sessions per week).
Secondary outcomes include additional trial feasibility indicators (eg, recruitment and retention), safety, satisfaction, and usability,
and objective and patient-reported efficacy outcomes (cardiovascular fitness, quality of life, fatigue, self-reported exercise,
self-efficacy, habit strength, and motivation). Adherence, feasibility, and safety outcomes will be assessed during the intervention
period; intervention satisfaction and usability will be assessed post intervention; and objective and patient-reported efficacy
outcomes will be assessed at baseline, post intervention (2-month postbaseline assessment), and at follow-up (5-month postbaseline
assessment).

Results: Recruitment for this trial commenced in March 2023, and 7 participants had been recruited as of the submission of the
manuscript. The estimated completion date for the project is October 2024, with results expected to be published in mid-2025.

Conclusions: The REMOTE-COR-B intervention is a novel and promising approach to providing exercise therapy to patients
with breast cancer at risk of cardiotoxicity who have unique needs and heightened safety risks. This project will provide important
information on the extent to which this approach is satisfactory to patients with breast cancer, safe, and potentially effective,
which is necessary before larger-scale research or clinical projects.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12621001557820;
www.anzctr.org.au/ACTRN12621001557820.aspx

International Registered Report Identifier (IRRID): DERR1-10.2196/53301

(JMIR Res Protoc 2024;13:e53301) doi: 10.2196/53301
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Introduction

With increased rates of breast cancer survival, especially beyond
5 years, there is now an increased need to focus on the late
adverse effects of cancer treatment [1,2]. The adverse impact
of cancer treatment on cardiovascular health is one such late
effect [3]. Cardiovascular disease (a group of heart and blood
vessel disorders [4]) is now a leading cause of death among
survivors of breast cancer, and survivors of breast cancer have
a higher risk compared to the general population [3,5]. In
addition to the overlapping risk factors of cancer and
cardiovascular disease, including obesity and physical inactivity
[6], the cardiotoxic nature of common breast cancer treatments
(including chemotherapy, radiotherapy, and human epidermal
growth factor receptor [HER]–targeted therapy) is a contributing
factor to this increased risk [3]. Anthracycline-based
chemotherapy and trastuzumab are of particular concern, being
associated with a 5-fold increase in the risk of heart failure
compared to treatment without these agents [7].

Exercise rehabilitation focused on increasing cardiorespiratory
fitness is a promising strategy for reducing cardiovascular
disease risk among survivors of breast cancer [8]. Lower fitness
is associated with an increased risk of cardiovascular disease
and all-cause mortality in the general population [9], and fitness
declines have been observed during cancer treatment. Following
breast cancer, major cardiovascular events tend to emerge
initially around 4 years after adjuvant treatments, with a second
peak around 10 years post treatment [10]. A recent study in over
4000 women, 12 years after a diagnosis of breast cancer, found
that increased physical activity (equivalent to approximately 3
hours of brisk walking per week or ≥9 metabolic equivalent
task hours [MET-hrs]) was associated with a 56% reduced risk

of cardiovascular events (including heart failure, myocardial
infarction, angina, coronary revascularization, peripheral arterial
disease, carotid artery disease, transient ischemic attack, stroke,
and cardiovascular death) when compared to women who
exercised less (<9 MET-hrs per week) [11]. To date, over a
dozen randomized controlled trials have demonstrated that
exercise rehabilitation can effectively increase cardiorespiratory
fitness among survivors of breast cancer [8]. Alongside
consistent evidence from randomized controlled trials that
exercise also improves quality of life and physical functioning
[12], this evidence has led to exercise being recommended in
guidelines as a routine part of cancer management [13,14].

While the evidence for exercise rehabilitation improving fitness
among survivors of breast cancer is strong, it has primarily been
derived from center-based exercise rehabilitation programs,
where participants receive real-time in-person supervision.
However, reliance on center-based delivery is likely to limit
accessibility and uptake [12], as many survivors of breast cancer
report a preference for home-based rehabilitation [15]. Even
with this preference, it is important to ensure participant safety
as well as the suitability and individualization of exercise
prescriptions. Particularly because exercise trials typically recruit
more “well” survivors of cancer, who are generally younger,
less likely to be obese, and who are more physically active (ie,
rarely include those most at-risk of cardiovascular disease) [16].
As such, there is a clear need to explore noncenter-based
delivery models that can provide real-time supervision and
coaching to optimize safety, particularly for high-risk patients
with breast cancer (eg, those at high risk of cardiovascular
disease). Evidence from the cardiac rehabilitation setting
suggests that the use of sensors and mobile technologies is a
promising strategy for reducing cardiovascular disease risk
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among survivors of breast cancer, warranting investigation
[17,18].

Maddison et al [19] developed a smartphone-based exercise
telerehabilitation program (REMOTE-CR) that allowed
participants to receive real-time remote exercise supervision
and coaching from an exercise professional. A noninferiority,
randomized trial (n=162) compared REMOTE-CR to a 12-week
center-based exercise cardiac rehabilitation program in people
with cardiovascular disease [19]. At the 12-week follow-up,
REMOTE-CR was shown to be noninferior to center-based
exercise cardiac rehabilitation on maximum oxygen uptake
(VO2max; adjusted mean difference [AMD] 0.51, 95% CI
0.97-1.98 mL/kg/minute). At longer-term follow-up (24 weeks),
participants allocated to REMOTE-CR were also more likely
to be participating in physical activity than those allocated to
the center-based program (ie, less sedentary time: AMD –62,
95% CI –118 to –5 minutes/day) [19]. Importantly, per capita
costs for delivering REMOTE-CR were 70% lower than
center-based exercise cardiac rehabilitation, and although more
adverse events were self-reported by the REMOTE-CR group
during the intervention period, none were severe, and the
majority (42/50, 84%) were not related to program participation.
The same approach could be adapted for use in a
cardio-oncology setting. However, the extent to which it would
be feasible, safe, and effective (ie, positively impact fitness
outcomes) for survivors of breast cancer at risk of cardiotoxicity,
given their unique needs and risk profile, is unknown.

The overall aim of this study is to determine the feasibility of
the REMOTE-COR-B program, a smartphone-based
telerehabilitation exercise program for survivors of breast cancer
at risk of cardiotoxicity. The secondary objectives of this trial
are to determine satisfaction with and usability of
REMOTE-COR-B, as well as potential effects on cardiovascular
fitness that can be used to inform future, adequately powered
trials.

Methods

Ethical Considerations
Ethics clearance was obtained by the Peter MacCallum Cancer
Centre Ethics Committee (HREC/60412/PMCC-2020). Informed
consent will be obtained from all participants involved in the
trial. Participants will be assigned a study ID number. All study
materials will be coded with the ID number only. Only the
research team will have access to the study database, which
contains the information needed to link ID numbers with
identifiable information. Participants will be provided with an
AUD $25 (US $16.32) gift card at the end of each assessment
as an incentive to complete outcome assessments and in
acknowledgement of their time. Participants will also be
reimbursed for travel expenses or parking costs for attendance
at each appointment.

Trial Design
A single-arm feasibility study will be conducted to determine
the feasibility, safety, and preliminary efficacy of
REMOTE-COR-B (protocol version 7; date August 24, 2023).
The trial has been prospectively registered on the Australian
New Zealand Cl in ica l  Tr ia ls  Regis t ry
(ACTRN12621001557820). The study protocol is reported in
accordance with the SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) guidelines [20],
and the intervention is described according to the Consensus
on Exercise Reporting Template (CERT) [21]. Study materials
are available on the Open Science Framework [22].

Eligibility and Recruitment
The inclusion and exclusion criteria are provided in Textbox 1.
Eligibility will be confirmed using medical data and patient
interviews, as appropriate.
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Textbox 1. The inclusion and exclusion criteria for the study.

Inclusion criteria

• A diagnosis of stage I-III breast cancer.

• At risk of cardiotoxicity according to predetermined criteria (taking treatment type and dose as well as other common cardiovascular disease risk
factors into account, including age, obesity, and the presence of other comorbidities; Figure S1 in Multimedia Appendix 1 [3,6,23-27]).

• Completion of primary definitive anticancer therapy within the last 24 months (which may be surgery, radiotherapy, or chemotherapy depending
on the treatment pathway; participants who received both adjuvant and neoadjuvant treatment are eligible).

• Generally participating in less than the REMOTE-COR-B exercise target (ie, <150 minutes of moderate to vigorous intensity aerobic activity
per week over <3 sessions per week) [13,14,28].

• An Eastern Cooperative Oncology Group (ECOG) performance status of 0-2 [28]

• Having sufficient reading and writing English skills is required for understanding the participant information sheet and study participation
instructions.

Exclusion criteria

• Participants who have been diagnosed with metastatic (stage IV) or recurrent breast cancer.

• Those who have a medical condition where exercise or cardiopulmonary exercise testing is contraindicated (eg, unstable angina, uncontrolled
heart failure, or asthma) [21].

• Having an implanted cardiac device [21].

• Being unable to provide informed consent.

• Being unable to fully participate in study assessments due to cognitive or physical impairment.

• Participating in another exercise study or exercise program with similar goals.

• Participating in a clinical trial that presents safety or contamination issues for either trial (to be assessed by the Steering Committee).

Eligible participants will be identified by the breast cancer
clinical and research staff at the Peter MacCallum Cancer Centre
and the Royal Melbourne Hospital. Potentially eligible patients
will receive an email through the REDCap (Research Electronic
Data Capture [29,30]) platform and will be provided with an
information pack (including a study flyer and participant
information and consent form). Patients can indicate their
interest in the trial through the REDCap platform or by direct
contact with the research team. Trial staff will contact interested
patients to provide a verbal explanation of the project and its
procedures, answer patients’ questions, and complete the
eligibility screening. Following confirmation of eligibility, trial
staff will obtain informed consent to participate in the study
through REDCap, and the baseline assessment will be scheduled.
Participants can withdraw from the study at any time without
reason or consequence. In addition, the investigator may
discontinue a patient from the study at any time if the
investigator considers it necessary for any reason.

Adapting the REMOTE-CR Intervention
For this study, REMOTE-COR-B was adapted from the original
REMOTE-CR platform, which is described in detail elsewhere
[31]. In brief, the base platform comprises a smartphone and
wearable sensor (currently compatible with BioHarness 3,
Zephyr Technology, and H10, Polar Electro), as well as a
custom-built smartphone app and web application. The platform
facilitates remotely supervised exercise prescriptions that are
delivered, monitored, and coached in real-time by an exercise
professional. The participant’s heart rate and geospatial data
are displayed in the smartphone app for self-monitoring and
streamed to a web server for review by an exercise professional

(along with single-lead electrocardiogram [ECG] data, which
are not visible to the participant in the smartphone app). The
participant can also use the app to report “red flag” symptoms
during exercise (chest pain, breathlessness, and dizziness),
allowing the exercise professional to stop the session, make
contact, and direct as needed. The exercise professional provides
individualized audio coaching, feedback, and social support
throughout the session, which is delivered to participants through
earphones (text-to-audio feature) to optimize usability. At the
end of an exercise session, participants are prompted to report
their perceived exertion using the app. Outside of real-time
interaction, participants can record exercise training for
self-monitoring, receive behavior change education through
direct messaging, review all recorded exercise performance
data, and set or review goals to encourage behavior change.

Adaptations of REMOTE-CR for Breast Cancer
Following consultation with consumer representatives and the
advisory committee, the following changes were made to the
base platform for the REMOTE-COR-B trial: (1) expansion of
the symptom reporting list to include common breast cancer
treatment-related side effects and symptoms (Figure 1); (2)
prompts for participants to report their symptoms at the start of
each exercise session; (3) ability to report Rating of Perceived
Exertion (RPE) both during and after exercise to enhance
tailoring of prescription and coaching; (4) expansion of the heart
rate data display to include beats per minute (BPM; the raw
measurement unit) in addition to heart rate reserve, to allow use
when a lack of maximal exercise testing precludes calculation
of heart rate reserve; (5) revisions to the behavior change
education to provide additional positive reinforcement, breast
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cancer–specific content, and messages focused on planning,
habit formation, and autonomous motivation; and (6) alternative
options for wearing the heart rate monitor if chest irritation or
pain is an issue (ie, delay enrollment post treatment, use an

adhesive to place the sensor on an unaffected area or at a
different location that yields sufficient signal quality, or monitor
intensity exclusively through RPE).

Figure 1. Expanded symptom reporting list in REMOTE-COR-B: a single-arm feasibility trial for patients with breast cancer.

The Remote-COR-B Intervention
The REMOTE-COR-B intervention will be delivered over a
period of 8 weeks and involves remotely delivered
individualized exercise prescriptions, real-time supervision, and
behavior change support (eg, goal setting and supportive
messages). The aim of the intervention is for participants to

attend 3 remotely monitored aerobic exercise sessions per week,
with self-directed exercise encouraged (where appropriate) on
≥2 other days to align with current aerobic recommendations
for patients with cancer (ie, 150 minutes of moderate to vigorous
intensity activity per week) [13,14,28]. The REMOTE-COR-B
trial will emphasize aerobic activity, given the focus of the
intervention on improving cardiovascular fitness [14,28]. The
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intervention is summarized below and described in detail
according to the CERT requirements in Table S1 in Multimedia
Appendix 2 [21,32,33].

Exercise Prescription
Each participant will be provided with an individualized and
progressive exercise prescription based on their age, previous
and recent exercise habits, motivation, personal goals, attitudes,
values, treatment, and support. Exercise prescription components
will include frequency (3 remotely monitored sessions per
week), duration (20-60 minutes per session), and intensity
(moderate: 40%-60% heart rate reserve [HRR] and RPE 3-5
[34]), with the aim of increasing peak oxygen consumption
(VO2peak). Intensity will be monitored through a combination
of HRR and RPE if complete baseline cardiopulmonary exercise
testing (CPET) is available (more details are provided in the
“Secondary Outcomes” section), or BPM and RPE if baseline
CPET is unavailable.

The progression of exercise prescription components will
typically occur in the following order: duration, intensity,
frequency (additional to remotely monitored sessions), and will
be gradually increased as tolerated by the individual, with
consideration to symptom status, fitness level, exercise response
(based on heart rate data and RPE), and each participant’s goals
[35]. During the first half of the intervention (ie, weeks 1-4),
exercise intensity targets will typically range from RPE 3 to 4
(“moderate” to “somewhat hard”) and between 40% and 50%
HRR [34]. In the second half of the intervention (ie, weeks 5-8),
exercise intensity targets will typically range from RPE 4 to 5
(“somewhat hard” to “hard”) and between 50% and 60% HRR
[34]. The preferred mode of exercise is walking, though
participants may choose other land-based aerobic activities (eg,
cycling, jogging, and exercise videos).

Remote Monitoring and Supervision
Participants will be able to attend remotely monitored exercise
sessions during set operating hours each week, scheduled in
both the morning (eg, between 6 AM and 10 AM) and evening
(eg, between 5:30 PM and 7:30 PM). Participants can complete
exercise in any location with an active broadband connection
(mobile, Wi-Fi, or Bluetooth). The REMOTE-COR-B mobile
app collects heart rate and single-lead ECG through a Polar H10
heart rate transmitter (loaned to participants throughout the
study), location, distance, and speed through location services
integration, as well as symptoms and RPE through self-report.
These data are then transmitted to a cloud-based server and
displayed on a companion web application in real-time. Exercise
professionals remotely monitor all data in real-time through the
web application, provide participants with real-time
individualized coaching feedback and support through their
smartphone app (through alerts, messages, or telephone calls),
respond to adverse events if required, provide postexercise
feedback, and modify exercise prescriptions as needed.

Behavior Change Support
Participants will receive behavior change education and support
during the 8-week intervention period through push notifications
(2-4 per week) delivered through the REMOTE-COR-B mobile
app (Figure 2). The messages are based on social cognitive [36],
self-determination [37], and habit theories [38] (Table S1 in
Multimedia Appendix 2 outlines the specific strategies).
Additionally, participants are encouraged to use the built-in
data visualization features of the app to review their exercise
performance data and set and review goals to encourage
behavior change.
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Figure 2. Example of behavior change support in REMOTE-COR-B: a single-arm feasibility trial for patients with breast cancer.

Outcomes and Assessment Timing
Data relating to intervention delivery outcomes (eg, adherence,
feasibility, and safety) will be collected during the 8-week
intervention (Table 1). Satisfaction and usability will be assessed
post intervention. Objective and patient-reported efficacy
outcomes will be assessed at baseline (within 24 months post

completion of primary definition treatment), post intervention
(2-month postbaseline assessment), and at follow-up (5-month
postbaseline assessment). Demographic and medical data will
be collected at baseline through self-reports and medical records.
Criteria of success for core feasibility, usability, safety, and
efficacy outcomes have been prespecified and are outlined
below.
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Table 1. Schedule of enrollment, intervention, and assessments for REMOTE-COR-B: a single-arm feasibility trial for patients with breast cancer
(based on the SPIRIT [Standard Protocol Items: Recommendations for Interventional Trials] guidelines) [20].

Study periodTime point

Follow-upIntervention periodEnrollment (prebaseline)

Follow-up (5-month
postbaseline)

Postintervention (2-month
postbaseline)

Intervention (2
months)

Baseline (0
months)

Enrollment

✓Cardiotoxicity screen (including
treatment information)

✓Eligibility screen

✓Informed consent

Interventions

✓Single-arm exercise

Assessments

✓✓Demographic information

✓Intervention adherence

✓✓✓✓Feasibility

✓✓✓✓Safety

✓Intervention satisfaction

✓Intervention usability

✓✓✓CPETa

✓✓✓ISWTb

✓✓✓Quality of life

✓✓✓Fatigue

✓✓✓Self-reported exercise

✓✓✓Psychological mechanisms

aCPET: cardiopulmonary exercise testing.
bISWT: incremental shuttle walk test.

Primary Outcome
Adherence will be assessed through the number of remotely
monitored exercise sessions attended compared to the trial target
(ie, 3 sessions per week). Previous research suggests ≥70%
adherence is satisfactory to achieve fitness gains [8,12]. As
such, participants will be considered adherent to the intervention
if they complete ≥17 of 24 remotely monitored exercise sessions.

Secondary Outcomes

Trial Feasibility
Trial feasibility is assessed based on rates of screening, consent,
device ownership, retention, and missing data across all
assessment points. Prespecified cut points indicating feasibility
include cardiac dysfunction risk level is accessible for ≥80%
of cases identified; ≥60% of those invited to participate agree
to complete eligibility screening [39]; the recruitment goal is
reached within the allotted time (1 year); retention is ≥60%;
and outcome data are collected for ≥80% of enrolled participants
at both the postintervention and follow-up assessments (this is
in line with retention observed by the chief investigator
Maddison et al [19] in the REMOTE-CR trial).

Safety
Adverse events will be assessed through the frequency and
severity of adverse events reported during remotely monitored
exercise sessions, any unsupervised exercise sessions, and
exercise testing sessions (as outlined in the “Cardiovascular
Fitness: VO2peak” section). Severity will be graded according
to the Common Terminology Criteria for Adverse Events 5.0
and the National Health and Medical Research Council
guidelines for safety monitoring and reporting [32,40].
Participants will be instructed to immediately report any adverse
events that occur during the intervention period (during either
supervised or unsupervised exercise sessions) to the study staff
(ie, exercise professionals or study coordinators); these will be
recorded. All adverse events reported to study staff will be
communicated to the study coordinator and the coordinating
principal investigator as soon as possible and recorded. The
coordinating principal investigator will be responsible for
ensuring serious adverse events are reported to the ethics
committee and trial sponsor within the appropriate time frames.
Participants can also retrospectively report adverse events during
the postintervention and follow-up surveys. The trial will be
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deemed safe if no grade ≥3 adverse events attributed to
participating in the research project are reported. During the
intervention period, participants can also self-report symptoms
(new, ongoing, or worsening) through the smartphone app at
the beginning and end of every exercise session (supervised and
unsupervised). Any changes in symptomology will also be
recorded.

Satisfaction and Usability
Satisfaction with the intervention and perceived intervention
usability will be assessed using the validated 8-item Client
Satisfaction Questionnaire (0-32) [41] and the 10-item System
Usability Scale (0-100) [42]. The intervention will be deemed
satisfactory and usable if mean scores are ≥24 and ≥68,
respectively. Issues with wearing the heart rate monitor due to
cancer treatment-related discomfort will also be discussed and
recorded by the study coordinator in a study-specific form.

Cardiovascular Fitness: VO2peak
Cardiovascular fitness (VO2peak) will be assessed through
CPET and an incremental shuttle walk test (ISWT). The CPET
will occur at the Peter MacCallum Cancer Centre (conducted
by Peter MacCallum staff) and will involve participants
exercising on an exercise bike against increasing resistance,
during which time gas exchange analysis will be conducted to
measure anaerobic threshold and VO2peak. Blood pressure and
12-lead ECG will be monitored for signs of an adverse cardiac
response. VO2peak is a gold-standard measure for objectively
assessing cardiorespiratory fitness and is an important clinical
end point in this population because it is a strong predictor of
adverse cardiovascular events and mortality [11]. A change in
VO2peak as small as 6% can be clinically meaningful in terms
of cardiovascular outcomes among patients with chronic systolic
heart failure [43]. We expect an average improvement in
VO2peak of ≥10%, as this is comparable to what has been
achieved in posttreatment supervised exercise interventions
among patients with breast cancer [44-46]. Additionally, this
level of change is used clinically in a heart failure setting as
indicating a clinically meaningful improvement in outcomes
[47,48] and is associated with improved health-related quality
of life in patients with breast cancer [46].

The ISWT is a valid and reliable field walking test to assess
functional exercise capacity [49,50] and is shown to be
moderately correlated with CPET-assessed VO2peak (r=0.61)
[51]. Due to possible COVID-19–related difficulties with
performing CPETs on all participants, an ISWT will also be
performed (conducted by trial staff), as the equipment is easily
transportable and the test can be completed outdoors (potentially
necessary if a home visit is required due to COVID-19
restrictions and a suitable indoor location is not available).
Participants are required to walk around 2 cones placed 9 meters
apart (a total of 10 meters of flat course) in time to a set of
auditory beeps. Initially, the walking speed is very slow, but
each minute, the required walking speed progressively increases.
The test concludes when the participant cannot achieve the
required speed, experiences clinical indications for test
termination, or wishes to stop. The number of shuttles is
recorded. Only standardized instructions will be used [50], the

walking track will be kept the same for all tests for a participant,
and no encouragement will be given throughout. An
improvement of ≥48 meters from baseline to postintervention
will be considered clinically significant [49]. The intervention
will be deemed potentially efficacious for improving
cardiovascular fitness if clinically significant changes in
VO2peak (≥10%) or meters walked in the ISWT are achieved.

Quality of Life
Quality of life will be assessed using the validated 38-item
Functional Assessment of Cancer Therapy-Breast (FACT-B)
questionnaire [52]. Total health-related quality of life (0-148)
and subscale scores (physical, social, emotional, and functional
well-being) will be calculated. A clinically important change
in total quality of life has been defined as a 6% increase between
baseline and postintervention [53].

Fatigue
Fatigue will be assessed using the validated 13-item Functional
Assessment of Chronic Illness Therapy-Fatigue Scale
(FACIT-Fatigue) questionnaire [54]. All items are summed to
create a single fatigue score (0-52). A clinically important
change in the FACIT-Fatigue has been defined as a 6% increase
between baseline and postintervention [53,55].

Self-Reported Exercise
Self-reported exercise will be assessed using the validated 3-item
Godin Leisure-Time Exercise Questionnaire (GLTEQ) [56].
Using the GLTEQ, participants self-report how often in the
previous 7 days they completed ≥15 minutes of strenuous,
moderate, and light physical activity. The number of bouts at
each intensity is then multiplied by the corresponding MET
value and summed to create a Leisure Score Index (LSI). The
proportion of participants considered sufficiently active will
also be reported, determined based on prespecified LSI scores
(<14 units=insufficiently active or sedentary; between 14 and
23 units=moderately active; and ≥24 units=active or “meeting
criteria for being physically active”) [56,57].

Psychological mechanisms
Potential mediators of intervention effects will be assessed,
including self-efficacy (Multidimensional Self-Efficacy for
Exercise Scale [58]), habit strength (self-reported habit index
[59]), motivation type (Behavioural Regulation Questionnaire
[60]), and autonomy-supportive exercise environment (The
Perceived Environmental Supportiveness Scale [61]).

Data Analysis

Sample Size
We aim to recruit 40 participants over the course of 12 months.
This sample size is considered sufficient to test the feasibility
of delivering the intervention and other key trial parameters
[62]. Notably, with this sample size, we will also have
reasonable precision for estimating intervention adherence. For
example, with a sample size of 40, if the average adherence rate
observed in the study is 70%, we can be sure with 95%
confidence that the true population proportion is between 56%
and 85%; the 95% CI is ≥14.2. Given the potential reach of the
intervention and the fact that adherence to current
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technology-based behavior change programs is 50% [39], this
finding would warrant further investigation. The target sample
size is also equivalent to approximately 20%-30% of the sample
size needed to adequately power (80%) a future definitive trial
to demonstrate noninferiority in VO2peak changes between
groups (a P value of .05); based on differences observed in our
formative work [19] and a systematic review [8].

Statistical Methods
The data will be presented descriptively where appropriate; this
includes most feasibility outcomes (eg, recruitment rate,
proportion of missing data, usability, and satisfaction), including
the primary outcome (ie, adherence to the intervention), and
safety outcomes (eg, number of adverse events, proportion of
serious adverse events).

Changes in VO2peak, patient-reported outcomes (quality of life
and fatigue), and physical activity behavior will be examined
in exploratory analyses at all assessment time points using mixed
model repeated measures analyses. Unadjusted and age- and
treatment pathway–adjusted models will be conducted with
standardized coefficients reported with 95% CIs to aid
interpretation of clinical significance rather than P values given
a lack of statistical power. The choice of modeling link will be
informed by residual diagnostics. The data for withdrawn
participants collected before study withdrawal will be retained
for use in intention-to-treat analyses, unless requested otherwise
by the participant.

Further exploratory analyses may include (1) examining changes
in the proposed psychological mechanisms (eg, self-efficacy)
from baseline to postintervention; (2) examining associations
between the proposed mechanisms and the study outcomes (eg,
adherence to exercise sessions and cardiorespiratory fitness);
and (3) examining associations between participant
characteristics (potential moderators) and intervention adherence
(sessions and intensity), as well as changes in VO2peak. Given
the small sample size and absence of a control group, a formal
mediation analysis or moderation analysis will not be undertaken
(as per Baron and Kenny [63]). However, the collection of these
data will assist with determining the feasibility of mediator and
moderator assessment in a larger trial, where a formal mediation
analysis and moderator analysis may be undertaken.

Data Management
The data will be preferentially recorded in electronic case record
forms (CRF) and through surveys using REDCap data
management software, only accessible to trial staff. Hard copy
forms will also be available if necessary (stored in a locked
filing cabinet). Data collected through hard copy will be scanned
and uploaded to REDCap and the secure study network drive
as soon as possible. Hard copies will be shredded once the data
are safely stored electronically (including a scan of the original).
All data will be exported from REDCap at the end of the trial
and stored on a password-protected network drive at the
University of Melbourne for at least 5 years after the publication
of the results. Deidentified data may be shared indefinitely
through sites like Open Science or Figshare to ensure scientific
transparency and to share knowledge with others.

Results

The recruitment for this trial began in March 2023, and 7
participants had been recruited as of the submission of the
manuscript. Recruitment issues were encountered early, and
changes to the prespecified protocol (ACTRN12621001557820)
have been made to aid recruitment. The original eligibility
criteria for the trial required participants to have completed
primary, definitive anticancer therapy within 3-12 weeks. In
addition, only anthracyclines and no other types of
chemotherapy were considered in the cardiotoxic risk
assessment. After screening potential participants, it became
clear that recruitment would be slower than expected and that
many patients at risk of poor heart health would not be eligible
for the trial. Before enrolling the first participant, the eligibility
criteria were amended so that participants could be up to 6
months post definitive treatment, and a wider range of
evidence-based risk factors for cardiotoxicity and cardiovascular
disease would be considered (Figure S1 in Multimedia Appendix
1 [3,6,23-27]). A second objective fitness test (the ISWT) was
also added, which can be conducted outside of the hospital
setting in case COVID-19 disruptions impact access to CPET
assessments. Following these changes, the first participant was
enrolled in March 2023.

Additional changes have since been made to the protocol to
further aid recruitment. These include expanding screening
opportunities to identify potentially eligible participants,
streamlining the recruitment procedure through REDCap to
reduce burden on hospital staff, and expanding eligibility criteria
to include patients up to 24 months post definitive treatment.
This amendment was recently approved, and the estimated
completion date for the project is October 2024, with results
expected to be published in mid-2025. Any future protocol
amendments will be reported in the main outcomes publication
and registered on the Australian New Zealand Clinical Trials
Registry.

Discussion

The original intervention underpinning this trial has
demonstrated efficacy and noninferiority compared to
gold-standard in-clinic cardiac rehabilitation [19]. The
adaptation of this intervention for patients with breast cancer
who are at risk of cardiotoxicity is a novel and promising
approach to providing accessible exercise therapy. This trial
will address the extent to which this approach is satisfactory to
patients with breast cancer, safe, and potentially effective, given
the unique needs and risk profile of this group. The findings
will be used to inform features of a future, adequately powered
efficacy trial, including but not limited to eligibility and
recruitment strategy, app features and functions, and delivery
preferences (eg, session timing) [64]. Trial findings might also
be used to inform the implementation of this approach in breast
cancer services, given that remote strategies are needed now
and the strong evidence-based basis behind the base software
(REMOTE-CR). By publishing this protocol, we aim to ensure
transparency around prespecified outcome criteria, inform
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interested parties of the upcoming trial, and aid replication and critical review of study methodology.
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RPE: Rating of Perceived Exertion
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials
VO2max: maximum oxygen uptake
VO2peak: peak oxygen consumption
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