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Abstract

Background Despite the known benefits of physical activity for women with breast cancer (BC), adherence to rec-
ommended guidelines remains low, especially during neo-adjuvant chemotherapy. The Aurora intervention presents
a multidimensional approach to improve physical activity adherence, considering the patient’s emotional and physi-
cal needs and barriers to physical activity. This protocol aims to evaluate Aurora’s effects compared to standard care
in BC patients.

Methods In this 9-week randomized controlled trial, 30 female BC patients under 70 years of age, undergoing
neo-adjuvant chemotherapy in the Metropolitan Region of Chile, will be recruited. Participants will receive a stand-
ard online education class on the benefits of physical activity for BC patients, which includes general information

on the importance of exercise during treatment, recommended physical activity guidelines, and tips for safely incor-
porating movement into daily routines. Afterward, participants will be randomly allocated in a 1:1 ratio to either the
9-week Aurora experimental program (Aurora experimental kit: branded box containing exercise equipment,
designed logbook journal, hydration bottle, exercise leaflet, and arm volume measurement tape) or the Aurora con-
trol program (Aurora control kit: branded tote bag containing a blank notebook, hydration bottle, and exercise leaflet).
The study will employ a mixed-methods approach to assess multidimensional treatment effects through baseline

and post-intervention measurements. The primary outcome will be quality of life, which will be assessed using
questionnaires and patient perceptions, with thematic analysis of patient-recorded journals and in-depth group
interviews to evaluate emotional treatment effects. Secondary outcomes will include (1) functional capacity tests

to measure adverse physical effects and (2) biological markers assessed through lipid profiling, inflammation biomark-
ers, and tumor progression.

Discussion Our conceptual hypothesis is that the Aurora intervention program will positively impact pri-
mary and secondary outcomes compared to the control group. Integrating the behavior change COM-B model
and a patient-centered design facilitates tailoring interventions to BC patients’ multidimensional needs and barriers.
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Additionally, we expect the Aurora program to promote more significant effects than standard care on physical activ-

ity adherence, intensity, and time.

Trial registration The study was registered at ClinicalTrials.gov, NCT06449417. Registered on May 28, 2024. Unique
Protocol ID: 230126002. https://clinicaltrials.gov/study/NCT06449417.

Background and rationale {6a}

Breast cancer (BC) remains a significant global health
concern, with 2.3 million women diagnosed and 685,000
deaths in 2020. In Chile, BC is the most common cancer
among women and the leading cause of cancer-related
deaths, with approximately 5331 new cases diagnosed
in 2020 [1-3] and a 20% higher disease burden than the
global rate (AVISA). Despite improved survival rates, BC
treatment, particularly chemotherapy, is associated with
adverse effects such as fatigue, loss of muscle mass, and
peripheral neuropathy, which negatively impact health-
related quality of life [4, 5].

Physical activity has been shown to improve survival
and quality of life in BC patients by mitigating chemo-
therapy-related side effects and potentially reducing can-
cer recurrence risk [6, 7]. Despite these benefits, physical
activity levels often decrease during chemotherapy, with
only 13% of BC survivors in Chile engaging in sufficient
physical activity [8, 9]. Although Chile’s Ministry of
Health guarantees essential cancer services, preventive
physical therapy for BC patients is omitted, early and
prospective models are limited [10, 11], and specialized
facilities and professionals are lacking. These barriers
highlight the need for feasible, accessible alternatives,
such as home-based interventions, empowering patients
to engage in physical activity within their environment.

Physical activity during chemotherapy offers a feasi-
ble approach to prevent or mitigate some of the adverse
physical, biological, and emotional consequences of
treatment [12]. By addressing these multidimensional
effects, studying physical activity through a comprehen-
sive approach may provide the evidence needed to over-
come barriers to physical activity for BC patients.

Examining biomarkers that capture biological and
physical responses related to treatment and physical
activity is essential to understanding how physical activ-
ity impacts BC patients. Inflammation, a critical issue in
BC, is reflected in elevated levels of interleukin-6 (IL-6),
a key marker of pro-inflammatory activity. Studies have
shown that physical activity can reduce IL-6 levels [13],
potentially alleviating inflammation-related symptoms
and improving overall health. Another relevant bio-
marker is linoleic acid—an omega-6 polyunsaturated
fatty acid (PUFA) measured in red blood cell membranes

(RBCm)—which has been linked to poor neo-adjuvant
chemotherapy response [14]. Physical activity has also
been shown to influence fatty acid metabolism in various
tissues, including skeletal muscle, myocardium, and liver
[15], and has improved plasma fatty acid composition in
children, helping to preserve levels of PUFAs like linoleic
acid [16]. These biomarkers remain underexplored in BC
patients and could offer critical insights into how physical
activity supports physical health and treatment efficacy.

In addition to physical barriers, BC patients undergo-
ing chemotherapy often experience emotional challenges
that limit physical activity engagement, such as fear of
injury, uncertainty about performing exercises correctly,
and a lack of motivation [17]. To effectively meet these
complex needs, Aurora integrates a combined human
centered design and behavior change approach that has
been successful in various health interventions [18, 19].
However, this approach has not been explicitly applied
to BC patients, nor has its multidimensional assessment
been evaluated through a randomized controlled trial
protocol [20]. The Aurora protocol aims to assess its
effects on overall quality of life, functional capacity, and
the biomarker linoleic acid, thereby providing critical
insights into how physical activity can support treatment
efficacy and enhance the well-being of women undergo-
ing neoadjuvant chemotherapy.

Explanation for choice of comparators {6b}

The study uses an active control group with minimal
intervention to account for potential attention effects and
to ensure that any observed differences can be attributed
to the Aurora intervention rather than the mere receipt
of attention or materials. This design allows for a more
rigorous evaluation of the Aurora program’s unique
impact on physical activity and the emotional and physi-
cal effects of treatment in BC patients undergoing neo-
adjuvant chemotherapy.

Objectives {7}

We aim to evaluate the effects of a 9-week Aurora multi-
dimensional therapeutic intervention program compared
to standard care on emotional, physical, and biological
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outcomes in women undergoing neoadjuvant chemo-
therapy for BC in the Metropolitan Region of Chile.

Secondary objectives include evaluating the effects of
the following:

+ Overall quality of life through questionnaires, log
book journal and group in-depth interviews.

« Functional capacity through aerobic capacity, arm
volume, and upper and lower extremity strength.

+ Biological markers through lipid profile, inflamma-
tion markers, and tumor progression.

Based on the intervention design and outcomes of
interest, we hypothesize that the Aurora program will
significantly improve the investigated outcomes com-
pared to standard care. Additionally, we expect the
Aurora intervention to positively impact participants’
engagement with physical activity during neo-adjuvant
chemotherapy, as measured by physical activity levels
through intensity, time, and adherence.

Trial design {8}

The Aurora trial is a randomized clinical trial employ-
ing a 1:1 allocation ratio. It is designed as a superiority
trial with two parallel groups (intervention and control),
controlled by active intervention, and blinded to out-
come assessors and data analysts. The study will follow
a mixed-methods approach, incorporating quantitative
and qualitative data collection and analysis over a 9-week
intervention period.

Methods: participants, interventions,

and outcomes

Study setting {9}

This study will be conducted at the Cancer Center of
Pontificia Universidad Catdlica de Chile (UC | Chile),
Hospital Red Salud UC Christus, Hospital Clinico UC
San Carlos de Apoquindo, and Complejo Asistencial
Dr. Sétero del Rio (CASR), all located in the Metropoli-
tan Region of Chile. Participants will be recruited from
these centers’ outpatient clinics. The intervention will
be home-based, with participants performing the exer-
cises in their environments. However, functional capacity
assessments will be conducted under the supervision of
physical therapists, and blood draws will be taken either
at the participants’ respective centers, where they receive
care or at their homes by health professionals.

Eligibility criteria {10}
The inclusion and exclusion criteria for participants are
outlined as follows:
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Inclusion criteria:

Women under 70 years old

Diagnosis of primary breast carcinoma
Indication for neoadjuvant chemotherapy

Access to a safe physical space for performing
physical activity

Connection to the Internet

6. Access to an electronic device for video confer-
encing

B =

o

Exclusion criteria:

1. Stage IV cancer (non-curative)

2. Medical contraindications to physical activity

3. Self-report of physical activity participation
equivalent to the current governmental Physical
Exercise Recommendation Guide

4. Body mass index lower than 18.5 kg/m? or greater
than 40 kg/m.?

Interventions

Intervention description {11a}

All participants will be asked to attend an online educa-
tion session explaining physical activity’s benefits. Guide-
lines for physical activity and exercises will be presented,
including recommendations for planning exercise ses-
sions. Safety tips for performing physical activity will also
be provided, and the Aurora protocol will be introduced.

Active control group: control kit

The control group receives a kit containing essential basic
monitoring and record-keeping items. This kit includes
a hydration bottle, an arm volume measurement tape, a
logbook journal with blank pages, and an electronic step
count wristband. All items are packaged in an Aurora-
branded tote bag. Participants are instructed to use these
items as they see fit and to record their activities in the
blank journal. The purpose of this kit is to provide a min-
imal intervention that allows for some level of self-mon-
itoring without the structured exercise program of the
Aurora intervention. Participants in the control group
are encouraged to maintain their usual activities and rou-
tines throughout the study period. They receive weekly
reminders via phone calls or text messages to confirm the
number of exercise sessions executed every week, mir-
roring the follow-up provided to the intervention group.
This approach ensures that differences observed between
the groups can be attributed to the Aurora intervention
rather than merely receiving attention or materials.
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Exercise intervention group: Aurora kit

The Aurora intervention kit is provided to participants
in the intervention group. This kit includes a resistance
band, two 2 kg dumbbells, a proprioceptive therapeutic
ball, an arm volume measurement tape, a hydration bot-
tle, a leaflet with recommended exercises, an electronic
step-count wristband, and a specially designed logbook
journal. All items are contained in a plastic box branded
with Aurora. During the 9-week intervention period, par-
ticipants receive detailed instructions on using each item
and guidance on what to document in the journal.

The logbook journal features a pre-cut envelope and
pre-cut sheets on the final pages, allowing participants to
dedicate their experience to another patient. Participants
will keep the hydration bottle and journal, and the kit
will be passed on with a new bottle, journal, and dedica-
tion letter for the next patient. The journal also provides
instructions on replacing physical activity equipment
with household materials.

Weekly reminders are provided via phone calls or
text messages to support adherence and address any
concerns.

Criteria for discontinuing or modifying allocated
interventions {11b}

Participants may discontinue the intervention if as
follows:

+ They experience any adverse effects related to the
exercise program

+ Their oncologist recommends discontinuation due to
changes in their medical condition

+ They voluntarily choose to withdraw from the study

Modifications to the allocated interventions may be
made if recommended by the participant’s healthcare
team or if the participant reports difficulties with specific
exercises.

Strategies to improve adherence to interventions {11c}

+ Weekly reminders via phone calls or text messages

+ Regular check-ins to address any concerns or difficul-
ties

+ Encouragement to use the logbook journal for self-
monitoring

+ Provision of clear, illustrated instructions for exer-
cises

+ Flexibility in exercise scheduling to accommodate
treatment-related fatigue
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Relevant concomitant care permitted or prohibited

during the trial {11d}

Participants will continue their standard neo-adjuvant
chemotherapy and other prescribed treatments as
directed by their oncology team. No specific concomitant
care is forbidden, but participants are asked to inform the
research team of any changes in their treatment regimen
or additional therapies they undertake during the study
period.

Provisions for post-trial care

After the trial, participants in the control group will
be offered the opportunity to receive the Aurora inter-
vention kit for 9 weeks. All participants will receive a
summary of the study findings and recommendations
for continuing physical activity based on the study
outcomes.

Outcomes {12}
Primary outcome:

+ Quality of life as measured by the EORTC QLQ-
BR23 questionnaire

Secondary outcomes:

1. Functional capacity (aerobic capacity, arm volume,
upper and lower extremity strength)

2. Biological markers (lipid profile, inflammation mark-
ers, tumor progression)

3. Physical activity levels (intensity, time, and adher-
ence)

Participant timeline
Time schedule of enrolment, intervention assessments,
and visits for participants {13}

Weeks 0—4: Recruitment, informed consent, online
class, baseline assessments, kit delivery.

Weeks 4—13: 9-week intervention period.

Weeks 13-16: Post-intervention assessments, kit
return, blood sampling, and group in-depth inter-
views (Fig. 1).

Sample size {14}

Based on previous data indicating that 13% of BC patients
adhere to WHO physical activity recommendations in
Chile [8], with a confidence of 95% and a margin of error
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Fig. 1 Aurora participant timeline

of 5%, the study’s sample size should be 12 patients in
each group. Assuming a loss percentage of 20%, each
group should include 15 patients. This number was con-
sidered both statistically adequate and operationally fea-
sible within the study timeframe and resources.

Recruitment {15}

The recruitment period will begin in November 2024
and is expected to conclude by September 2025. Upon
authorization from the heads of the Cancer Cent-
ers at Pontificia Universidad Catélica de Chile (UC
| Chile), Hospital Red Salud UC Christus, Hospital
Clinico UC San Carlos de Apoquindo, and Complejo
Asistencial Dr. Sétero del Rio, the principal investi-
gator (DM) or a designated member of the research
team distributes informational flyers containing a QR
code in the waiting reception rooms of these centers.
This QR code leads potential participants to an online
survey that includes the informed consent document.
The survey aims to collect both contact and health
information and complete the Internation Physi-
cal Activity Questionnaire to assess eligibility based
on predefined inclusion and exclusion criteria. The
research team verifies enrollment and participation
through WhatsApp or email to respect patient pref-
erences. Subsequently, the research team coordinates
with each participant to schedule a meeting in person
or via video conference to provide detailed informa-
tion about the study procedures, including potential
risks and benefits, and address any questions. During
this meeting, participants who agree to participate are
asked to sign the informed consent form.

b) Functional Capacity Tests
o) IPAQ
d) Diet Questionnaire

Methods: assignment of interventions

Allocation

Sequence generation {16a}

Given the constraints of the study in terms of time, ongo-
ing recruitment, and availability of intervention kits, we
will use minimization as the randomization strategy.
This method is a form of adaptive randomization that
considers each new participant’s characteristics, such as
age and cancer stage, which are determinant factors for
physical activity adherence. Participants will be assigned
to the intervention or control group in a way that best
maintains balance across these prognostic factors. The
minimization process will be conducted manually by a
research team member who is not involved in participant
recruitment or data collection. This individual will review
the characteristics of the new participant and the current
balance of the groups, then make an allocation decision
that minimizes the imbalance between groups.

Concealment mechanism {16b}

To ensure allocation concealment, the minimization
process will be conducted by a research team member
who is not involved in participant recruitment or data
collection. This individual will review the characteris-
tics of each new participant and the current balance of
the groups, then make an allocation decision that mini-
mizes the imbalance between groups. The allocation
decision will be communicated to the research coor-
dinator, who will then inform the participants of their
group assignment. The research team members respon-
sible for conducting assessments and analyzing data will
remain blinded to the group allocation throughout the
study. To maintain the concealment, all participants will
receive a kit, with the contents differing based on their
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group assignment. The intervention group will receive
the Aurora Experimental Kit, while the control group will
receive the Aurora Control Kit. Both kits will be pack-
aged similarly to prevent easy identification of group
assignments.

Implementation {16c}

KR is the researcher responsible for the allocation
sequence and assigning participants to interventions
using the minimization method. DM is responsible for
enrolling participants and conducting the 9-week inter-
vention follow-up. DM is responsible for the delivery of
kits and providing education to the participants.

Assignment of interventions: blinding

Who will be blinded {17a}

Due to the nature of the physical-activity intervention,
participants cannot be blinded to their group assign-
ment. However, several measures will minimize bias.
Researchers responsible for collecting data from the
quality of life questionnaires, functional-capacity tests,
and biological samples will be blinded to participants’
group allocation. The statisticians conducting the anal-
yses will also remain unaware of group assignments.
Treating oncologists and other healthcare profession-
als not involved in the study procedures will not be
informed of participants’ allocation.

All participants will receive a kit to maintain conceal-
ment, with the contents differing based on their group
assignment. The intervention group will receive the
Aurora Human Centered Design product system ther-
apeutic intervention kit, while the control group will
receive a kit with essential monitoring items. Both kits
will be packaged similarly to prevent easy identification
of group assignments. Participants will be instructed
not to disclose their group assignment to the outcome
assessors or healthcare providers. The research team
members responsible for the weekly follow-ups and
kit distribution will not be involved in outcome assess-
ment or data analysis. These measures collectively aim
to ensure the integrity of the study results by minimiz-
ing potential biases that could arise from knowledge of
group assignments.

Procedure for unblinding if needed {17b}

While the study design aims to maintain blinding of
outcome assessors and data analysts, there may be cir-
cumstances where unblinding becomes necessary for
patient safety or ethical reasons. In such cases, the deci-
sion to unblind will be made by the principal investiga-
tor (DM) in consultation with the study’s medical team.
If unblinding is deemed necessary, it will be done to
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minimize the number of individuals who become aware
of the treatment allocation. The reason for unblinding
will be documented in the participant’s study record
and log. Only the medical personnel directly involved
in the participant’s care will be informed of the treat-
ment allocation if possible. The study statistician and
other team members involved in data collection and
analysis will remain blinded unless necessary for data
interpretation or participant safety. Any unblinding
event will be reported to the Pontificia Universidad
Catdlica de Chile Ethics Committee as part of the regu-
lar study updates. The impact of any unblinding on the
study results will be discussed in the final study report
and any resulting publications.

Methods: data collection and management

Data collection methods {18a}

After signing the informed consent form, each patient
will be invited to participate in an online class on the
benefits of physical activity and to view presentations
on both the experimental and control Aurora Kkits.
Study outcomes are assessed at two time points: base-
line (weeks 0—4) and post-intervention (weeks 13-16).
All randomized participants undergo outcome assess-
ments, regardless of their adherence or completion sta-
tus. After randomization, participants who withdraw
from the study are still invited to complete the final
evaluations, ensuring data inclusion in the intention-
to-treat analysis.

Visit 1 (week 1): The Aurora kit is delivered to each
participant’s home.
Visit 2 (week 2): Blood sample collection.

« For patients from UC | Chile: 1 ml blood samples
are collected during routine tests before and after
neoadjuvant chemotherapy, coordinated with the
participant’s treatment schedule.

« For patients from Complejo Asistencial Dr. Sétero
del Rio (CASR): A qualified phlebotomist con-
ducts a home visit to obtain the blood sample,
adhering to standard venipuncture protocols and
maintaining proper sample handling procedures.

These blood samples are used to measure RBCm fatty
acids, lipid profiles, and inflammation markers.

Session 1 (week 4 after neoadjuvant chemotherapy):
Online synchronous session.

+ Quality of life questionnaire (EORTC QLQ-BR23,
completed without supervision)



Montt-Blanchard et al. Trials (2025) 27:12

+ Physical activity levels questionnaire (Internation
Physical Activity Questionnaire short form, com-
pleted without supervision)

« Functional capacity tests (supervised by a physical
therapist):

o Two-minute walk test
o Elbow Flexion—Extension Test
o 30 Seconds Sit-to-Stand Test

« Arm volume measurement (6 Measures Assess-
ment of Arm Volume, supervised by a physical
therapist)

« Dietary survey (online survey supervised by a
nutritionist)

Session 2 (week 13): Online synchronous session fol-
lowing the same protocol as Session 1.

Visit 3: The Aurora kit is collected from each experi-
mental participant’s home. Logbook journals are
scanned. Visit 4 (week 14): Post-intervention blood
sample collection following the same protocol as
Visit 2; Participants are instructed to avoid intense
physical activity 72 h before the first evaluation ses-
sion. Post-intervention evaluations occur within 72
h after the last week of the intervention. To ensure
consistency, the same investigator applies each test at
baseline and post-intervention time points. Outcome
assessors are trained, and standardized procedures
are followed for each assessment.

Session 3 (week 15): Online session for the inter-
vention group, including a system design evaluation
through in-depth interviews.

An additional qualitative assessment is conducted
at the end of the intervention through thematic analy-
sis of the Aurora logbook journal. Journals are scanned
and anonymized for analysis and then returned to
participants.

All data collection procedures adhere to standardized
protocols to ensure consistency and reliability across all
participants and time points.

Plans to promote participant retention and complete
follow-up {18b}

Several strategies will be implemented to enhance partic-
ipant retention and ensure complete follow-up:

Regular communication will be maintained with par-
ticipants throughout the 9-week intervention period.
Weekly reminders will be sent via phone calls or text
messages to confirm the number of exercise sessions
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executed and address any concerns or questions. This
consistent engagement aims to sustain motivation
and provide ongoing support.

The Aurora logbook journal serves as a tool for self-
monitoring and reflection, encouraging participants
to track their progress and engage with the inter-
vention. This personal investment in the process is
expected to promote retention.

Regardless of their adherence or completion status,
all participants will be invited to complete the final
evaluations at the end of the intervention period.
This approach ensures data inclusion in the inten-
tion-to-treat analysis and provides valuable insights
even from those who may not have fully adhered to
the protocol.

Participants in the control group will be offered the
opportunity to receive the Aurora intervention for 9
weeks after the study concludes. This incentive may
encourage retention and complete follow-up among
control group participants.

Detailed records of any discontinuation or deviation
from intervention protocols will be kept. Data from
these participants will still be collected and analyzed
to ensure a comprehensive and transparent analysis
of study results.

The research team will maintain flexibility in sched-
uling follow-up assessments to accommodate partici-
pants’ needs and minimize inconvenience.

At the end of the study, all participants will receive a
summary of the study findings and recommendations
for continuing physical activity based on the study
outcomes. This gesture of appreciation and informa-
tion sharing may encourage participants to complete
all follow-up procedures.

Data management {19}

At the end of each assessment session, a designated
researcher verifies the completeness and accuracy of col-
lected data. Double data entry is performed for primary
and secondary outcomes to minimize errors. Electronic
data, including questionnaire responses and physical
activity measurements from wrist pedometers, are auto-
matically backed up.

Blood samples are labeled with unique identification
codes and stored securely at the Nutrition Laboratory at
Universidad de Chile.

Scanned Aurora logbook journals and anonymized
interview transcripts are encrypted on the secure UC
cloud server.

Original audio recordings are deleted after transcrip-
tion and verification. Physical documents, such as signed
consent forms, are stored in locked cabinets at the UC
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research facility, the School of Design. All digital records
will be password-protected and saved on a OneDrive UC
cloud, with access restricted solely to the principal inves-
tigator. Data retention and sharing comply with institu-
tional policies and applicable data protection regulations.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

We will use descriptive statistics, including mean, stand-
ard deviation, and frequency distributions, as appropri-
ate. The Shapiro—Wilk test will be used to assess data
normality. For the primary outcome (Quality of life meas-
ured by EORTC QLQ-BR23), paired ¢-tests or Wilcoxon
signed-rank tests will compare within-group differences.
In contrast, independent t-tests or Mann—Whitney U
tests will analyze between-group differences. For second-
ary outcomes, repeated-measures ANOVA or mixed-
effects models will analyze changes in physical activity
levels over time. Chi-square tests will compare adher-
ence rates between groups. Functional capacity tests
and biological markers will be analyzed using paired and
independent ¢-tests or non-parametric equivalents. Cor-
relation coefficients will explore relationships between
physical activity levels and other outcomes. Regression
analysis will assess the predictive value of physical activ-
ity on dependent variables while controlling for potential
confounders. Qualitative data from the Aurora logbook
journal and interviews will undergo thematic analysis
using the Qcamap online platform. A multiple-imputa-
tion strategy will handle missing data. Considering BC
molecular subtypes, subgroup analyses will be conducted
for pathological complete response and residual cancer
burden results. All statistical analyses will be performed
using R Studio, with significance set at p < 0.05. The stat-
istician will be blinded to group allocation.

Measurement of the primary outcome

Quality of life

Quality of life is measured using the European Organi-
zation for Research and Treatment of Cancer (EORTC)
QLQ-BR23 questionnaire, a validated instrument for
assessing quality of life in Chilean BC patients [21]. The
EORTC QLQ-BR23 is a 23-item questionnaire specifi-
cally tailored for BC patients. It comprises five multi-
item scales that measure body image, sexual functioning,
systemic therapy side effects, breast symptoms, and arm
symptoms. Participants complete the online EORTC
QLQ-BR23 questionnaire at two-time points: base-
line (weeks 0—4) and post-intervention (weeks 13-16).
The questionnaire is administered without supervision,
allowing participants to complete it at their convenience
within the specified timeframe. Responses are collected
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and stored securely in the study’s database. The EORTC
QLQ-BR23 is scored according to the EORTC scoring
manual. Higher scores on the functional and global qual-
ity of life scales indicate better functioning and quality of
life, while higher scores on the symptom scales represent
higher symptomatology or problems. The change in qual-
ity of life scores from baseline to post-intervention is the
primary measure of the Aurora intervention’s effective-
ness. Statistical analysis compares these changes between
the intervention and control groups to determine the
impact of the Aurora program on participants’ quality of
life.

Measurements of secondary outcomes

Physical activity levels

Physical activity levels will be assessed using three
methods:

Physical activity intensity will be measured daily
using wrist pedometers (Huawei Band 4) provided
by the Oncology Physical Theraphy unit at Complejo
Asistencial Dr. Sétero del Rio. These devices will col-
lect step count, active minutes, and heart rate data.
Seven-day averages will be calculated for recorded
steps and “active minutes” daily. Non-wear time will
be identified when the device records less than 1000
daily steps, as per findings in cancer patients [22].
Participants will be provided with a replacement in
case of device loss or failure. Data will be exported
from the device’s online platform at least once a week
and organized appropriately. Missing values will be
handled using a multiple-imputation statistical strat-
egy [23].

Physical activity time will be evaluated using the
International Physical Activity Questionnaire short
form at baseline and the end of the intervention. The
Internation Physical Activity Questionnaire is a valid
and reliable instrument for assessing physical activity
in various populations [24].

Physical activity adherence will be defined as compli-
ance with exercise recommendations. The number
of exercise sessions will be measured and reported
weekly, and their compliance with the reported mini-
mum of 3 weekly sessions for BC patients in Chile.
The intervention group will record this information
in their specially designed Aurora journal pages,
while the control group will use blank pages. Weekly
reminders will be sent by phone calls or text mes-
sages for participants to confirm the number of ses-
sions executed every week.
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Functional capacity

Functional capacity will be assessed through several tests
conducted online under the supervision of a physical
therapist:

Aerobic capacity will be assessed using a two-minute
walk test [25]. This test evaluates walking capacity and
is recommended for people with BC due to its good
psychometric properties and ease of administration.
Participants will be instructed to walk as far as they
can in two minutes in a safe, open space at home. The
distance covered will be estimated based on the num-
ber of laps completed in the designated area.

Arm volume will be quantified using the 6 Meas-
ures Assessment of Arm Volume [26]. This reliable
method uses a tape measure to calculate the esti-
mated arm volume and has been used in previous
studies to assess arm volume in BC survivors. Partici-
pants will be guided to measure their arm circumfer-
ence at six specific points, and these measurements
will be used to calculate the estimated arm volume.
Upper extremity strength will be evaluated with the
Elbow Flexion—Extension Test [27]. This test meas-
ures the isometric strength of the elbow flexors and
extensors. Participants will be instructed to perform
elbow flexions and extensions with a weight appro-
priate to their capacity, and the number of repetitions
completed in a set time will be recorded.

Lower extremity strength will be measured with the
30 Seconds Sit-to-Stand Test [28]. This test is com-
monly used in geriatric and cancer rehabilitation to
estimate functional fitness and lower body strength.
Participants will be asked to stand up from a seated
position and sit back down as many times as possible
in 30 s, with the number of complete stand-sit cycles
recorded. 115.

Biological markers

The biological consequences of BC and the impact of
the Aurora intervention will be assessed through several
markers:

« Lipid profile: LDL, HDL, and RBCm fatty acids will
be measured. Blood samples (1 ml) are collected dur-
ing routine tests before and after neoadjuvant chem-
otherapy. These samples are used to measure RBCm
fatty acids, lipid profiles, and inflammation markers.
The fatty acid profile of RBCm will be evaluated in
phospholipids separated from total lipid extracts
using thin-layer chromatography (TLC). Phospho-
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lipid spots will be removed from plates and analyzed
following the method described by Ruiz-Gutiérrez
et al. [29].

+ Inflammation markers: C-reactive protein (CRP)
and neutrophil to lymphocyte ratio will be assessed.
The neutrophil and lymphocyte count ratio (NLR)
will be obtained from a complete blood count at
baseline before starting neo-adjuvant chemotherapy
treatment and another before surgery at the end of
the 9-week intervention. Data are reported in the
patient’s electronic medical records.

o Tumor progression: Residual cancer burden and
pathological complete response will be evaluated.
Residual cancer will be measured with the MD
Anderson calculator following tumor removal sur-
gery [30]. Pathological complete response is the
absence of residual invasive disease in the breast
tissue and axillary lymph nodes after neo-adjuvant
chemotherapy [31]. A pathologist will examine tissue
samples under a microscope to determine whether
there are any remaining cancer cells. All biological
markers will be assessed at baseline and the end of
the 9-week intervention period.

Patient perceptions

Two methods will be assessed at the end of the inter-
vention to understand Aurora’s perception: a thematic
analysis of the Aurora journals and a system design
evaluation. The reflections recorded in the Aurora log-
book journal will be transcribed, and an inductive the-
matic analysis of the data will be conducted following
the COM-B constructs. The process will involve cod-
ing, with codes organized into themes and findings.
These results will be presented and validated with par-
ticipants to ensure resonance with the experiences and
perceptions within the Aurora intervention. Triangula-
tion will be implemented by integrating data from mul-
tiple sources, such as interviews, observations, relevant
documents, and scientific research. This comprehensive
approach ensures a robust and holistic understanding of
the experiences and perceptions captured in the Aurora
logbook journal.

For evaluating the design perception of Aurora, an
adapted model based on the guidelines of Bush et al. for
patient adherence to the use of new orthoses is proposed
[32]. Four dimensions of analysis will be considered:

+ Fitand function
+ Style and aesthetics
+ Material and manufacturing
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+ Emotional commitment and meaning

This evaluation will be conducted through online, in-
depth, focused interview sessions with participants from
the intervention group at the end of the last patient’s
cycle. Depending on the availability of participants, these
sessions could be individual or group-based.

Methods for additional analysis {20b}
Socio-demographic and clinical characteristics

The study will collect socio-demographic data from
participants’ electronic clinical records, including age,
education level, marital status, and employment status.
Additionally, information on BC subtype and stage will
be extracted from these records. A questionnaire admin-
istered before the intervention will gather information on
reproductive history, menstrual characteristics, family
history of BC, oral contraceptive use, hormone replace-
ment therapy history, smoking habits, and alcohol con-
sumption. Clinical data from medical records will include
tumor histological type, tumor staging, hormone recep-
tor status (estrogen and progesterone receptors), and
HER-2 expression. This comprehensive socio-demo-
graphic and clinical data collection will allow for a more
nuanced analysis of the intervention’s effects across dif-
ferent patient subgroups and potentially identify factors
that influence the intervention’s effectiveness.

Methods in analysis to handle protocol
non-adherence and any statistical methods

to handle missing data {20c¢}

The study will employ an intention-to-treat analysis to
handle protocol non-adherence, including all randomized
participants in the analysis regardless of their adherence
to the intervention. A multiple imputation approach will
be used to find missing data. This method involves creat-
ing multiple plausible imputed datasets, analyzing each
dataset separately, and then combining the results using
Rubin’s rules. Sensitivity analyses will be conducted to
assess the impact of different missing data assumptions
on the study results.

Methods: monitoring

Data monitoring

Composition of the coordinating center and trial steering
committee {21a}

Given the low-risk nature of the intervention and the
small sample size, a formal data monitoring committee is
not required for this study. However, the principal inves-
tigator (DM) will oversee all aspects of the trial, main-
taining regular communication with the co-investigators
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(KR and GN) and the research team. The principal inves-
tigator is responsible for training the team, providing
ongoing support, and ensuring adherence to the study
protocol.

Interim analyses {21b}

No interim analyses are planned for this study. The
Aurora intervention is considered low-risk, and no antic-
ipated issues would be detrimental to the participants or
require premature interruption of the trial. The study will
proceed as planned until its completion, with the final
analysis conducted after all participants have completed
the 9-week intervention period and the post-intervention
assessments.

Adverse event reporting and harms {22}

Despite the low-risk nature of the intervention, any
adverse events will be systematically collected and
reported. During their weekly check-ins, participants will
be instructed to report any unusual symptoms or con-
cerns. The principal investigator will review all reported
events and classify them according to severity, predicta-
bility, and potential relationship to the study procedures.
Any serious adverse events will be promptly reported to
the Ethics Committee of Pontificia Universidad Catdlica
de Chile.

Frequency and plans for auditing trial conduct {23}

While formal auditing is not planned due to the study’s
small scale, the research team will meet monthly to
review trial conduct, participant progress, and any issues
that arise. These meetings will ensure adherence to
the protocol and allow for the timely resolution of any
concerns.

Ethics and dissemination

Research ethics approval {24}

The study received ethical approval from the Scientific
and Ethics Committee of the Pontificia Universidad
Catdlica de Chile (Approval ID #230,126,002).

Plans for communicating important protocol amendments
to relevant parties {25}

Any amendments to the study protocol will be promptly
communicated to the Ethics Committee of Pontificia Uni-
versidad Catolica de Chile for approval. Once approved,
all relevant parties, including study participants and
involved healthcare providers, will be informed of the
changes. The clinical trial registry will also be updated
with the revised protocol.
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Who will take informed consent? {26a}

During the recruitment process at the Cancer Center of
Pontificia Universidad Catdlica de Chile (UC | Chile),
Hospital Red Salud UC Christus, Hospital Clinico UC
San Carlos de Apoquindo, and Complejo Asistencial Dr.
Sétero del Rio, potential participants are provided with
an informational flyer containing a QR code. This code
leads to an online survey that includes the informed
consent document. The principal investigator (DM) or
a designated research team member will then contact
interested participants to schedule a meeting, either
in person or via video conference, to provide detailed
information about the study procedures, including
potential risks and benefits, and address any questions.
During this meeting, participants who agree to partici-
pate will be asked to sign the informed consent form. The
research team will ensure that participants comprehen-
sively understand the study objectives and procedures
before obtaining their signature on the informed consent
document.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

The informed consent process includes specific provi-
sions for collecting and using participant data and bio-
logical specimens. Participants will be notified that blood
samples (1 ml) will be collected at baseline and the end
of the intervention as part of their routine tests before
and after neoadjuvant chemotherapy. These samples
will be used to measure red blood cell membrane fatty
acids, lipid profile, and inflammation markers. They will
be stored and analyzed at the Nutrition Laboratory at
Universidad de Chile. Participants’ socio-demographic
information, BC subtype, and stage will be extracted
from electronic clinical records. Qualitative data will
be collected through interviews and the Aurora log-
book journal. All data and biological specimens will be
anonymized to protect participants’ privacy and used
solely for the purposes outlined in this study. Participants
will be informed of their right to withdraw consent to
use their data or biological specimens at any time. Any
future use of the data or specimens for purposes beyond
this study will require additional informed consent from
the participants. Participants will be asked to provide
explicit consent for these procedures as part of the over-
all informed consent process for the study.

Confidentiality {27}

All study-related information will be stored securely at
the School of Design at UC. A unique code will iden-
tify participant data. Digital records will be password-
protected and saved on a OneDrive UC cloud, with
access restricted to the principal investigator. Physical
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documents will be stored in locked cabinets. Data will be
retained for 5 years post-study completion. Only de-iden-
tified, aggregated data will be presented in any publica-
tions or presentations resulting from this research.

Declaration on interest {28)

All authors of this study, who are members of the
research team, declare no financial or other competing
interests related to the overall trial or any of the study
sites.

Access to data {29}

Access to the final trial dataset will be restricted to the
principal investigator (DM-B) and the co-investiga-
tor (KR). Data will be securely stored at the Centro del
Céancer UC in compliance with institutional data man-
agement policies. The data will be retained for 5 years
after the completion of the study and will only be acces-
sible to the research team for analysis. After this period,
the data will be securely destroyed.

Dissemination policy

Dissemination plans {31a}

Upon completion of the study, we will implement a com-
prehensive dissemination plan to share our findings with
a wide range of stakeholders. Each participant will receive
a personalized report detailing their measurements and
interpretations, presented in accessible language, along
with general guidance on BC, overall health care, and
physical activity recommendations. Study results will be
disseminated to the general public through press releases
and media outreach. Research articles will be submit-
ted to peer-reviewed journals in the fields of oncology,
physical therapy, and health design, and findings will be
presented at relevant national and international scien-
tific conferences. Results will be shared with healthcare
providers through workshops and seminars at participat-
ing institutions, and a summary report will be prepared
for relevant health authorities in Chile. Key findings and
infographics will be shared on the study’s website and
social media channels, and we will collaborate with BC
support groups and organizations to disseminate the
results and potential benefits of the Aurora interven-
tion. This multi-faceted approach ensures that the study’s
findings reach all relevant stakeholders and contribute to
improving care for BC patients.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

Access to the full study protocol, participant-level data,
and statistical code will be available from the correspond-
ing author upon reasonable request.
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Discussion 506

The Aurora study aims to understand the effects of a
home-based, unsupervised physical activity interven-
tion on women undergoing neo-adjuvant chemother-
apy for BC. As an unsupervised intervention, Aurora
is designed to improve quality of life, physical capacity,
and biological markers by providing tools and strate-
gies tailored to these patients’ physical and emotional
needs. An innovative feature of Aurora is the peer dedi-
cation system, which provides through peers with an
important source of social motivation and is expected
to have positive effects on physical activity behavior
[33, 34]. The intervention also uses behavioral prompts
to help patients incorporate exercises into their rou-
tines. Many regular physical exercise programs that
improve variables such as strength, endurance, and
flexibility in BC patients have been reported, includ-
ing activities supervised by rehabilitation profession-
als with expertise in oncology and physical activity
sciences [35]. Aurora builds on successful elements
observed in other unsupervised interventions that have
demonstrated an impact on physical activity adherence,
including the provision of exercise kits [36], written
material [9], and a pedometer [37]. These components
help patients overcome common barriers like fatigue,
lack of motivation, and logistical constraints often lim-
iting participation in traditional exercise programs [38].

Our 9-week intervention program is aligned with
findings on daily ratings of the subjective automatic-
ity of the behavior or habit strength, which show an
asymptotic increase, with an initial acceleration that
slows to a plateau after an average of 66 days [39]. From
a clinical standpoint, studies involving 9-week physical
activity intervention programs have shown significant
effects on the health and quality of life of BC patients
[40]. Additionally, a survey by Lally et al. revealed that
a healthy habit repeated for 12 weeks can achieve a 95%
level of automatization in individuals. However, the
time required to reach automatization varies between
18 and 254 days [41]. The Aurora protocol combines
aerobic and resistance training, which has proven effec-
tive in enhancing quality of life for BC survivors [42].
Specifically, aligning with findings on the positive
impact of physical activity in various domains of qual-
ity of life, including physical function, emotional well-
being, and daily life activities in a safe and hygienic
home environment [43].

Functional capacity has been extensively studied
worldwide, demonstrating how beneficial physical activ-
ity can be for BC patients [44—47], with an emphasis
on how the physical activity programs may need to be
adjusted for individual survivors based on their health
status, treatments received, and expected disease
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progression [48, 49]. Also, interventions tailored explic-
itly to BC survivors show a more sustained impact on
physical activity behavior [50, 51]. The Aurora program
includes these considerations by offering personalized
recommendations documented in the Aurora logbook
journal, which assists patients in regulating their weekly
physical activity program. This approach aims to achieve
high adherence to exercise training with a flexible exer-
cise prescription while maintaining alignment with
established guidelines [52].

While numerous studies have demonstrated the ben-
efits of physical activity on BC outcomes, the underly-
ing biological mechanisms remain poorly understood,
especially in the context of unsupervised, home-based
interventions and its comprehensive evaluation on mod-
ulating immune and inflammatory mediators and affec-
tion on tumorigenic potential at the cellular level [53, 54].
The Aurora protocol presents a novel approach by exam-
ining RBCm fatty acid profiles, potentially guiding future
personalized interventions and rehabilitation strategies
[55]. Given that changes in fatty acid levels, including
PUFAs, may be associated with the response to neo-
adjuvant chemotherapy in non-metastatic patients [14].
RBCm levels can offer a more sensitive measure of long-
term PUFA status than plasma levels [56].

Our mixed-methods approach, combining quantita-
tive assessments of physical and biological outcomes with
qualitative analysis of patient experiences, will provide
a more comprehensive understanding of the interven-
tion’s impact [57]. Contributing with the growing empha-
sis on patient-centered care and the need to incorporate
patients’ perspectives in healthcare delivery and research,
ensuring that research outcomes are relevant and mean-
ingful to those receiving care [58].

Although previous studies have assessed some health-
related outcomes following physical activity interven-
tions in BC patients, more research is needed to fully
elucidate the biological pathways involved in these bene-
fits [59]. The Aurora protocol aims to address this gap by
evaluating the impact of a home-based, patient-centered
intervention on multiple dimensions of health, includ-
ing physical capacity, quality of life, and biological mark-
ers. As the evidence is, Chile has only recently started to
grow through the leading work of Ramirez et al. [8, 35].
Contributing to this area is essential to guide public poli-
cies by recognizing physical activity’s clinical impact on
patients.

One limitation of this study is its relatively small sam-
ple size, which may impact the statistical power and gen-
eralizability of the findings. The limited scope reflects the
financial constraints of conducting research as part of a
PhD thesis. Nonetheless, this study provides valuable
preliminary evidence that can inform a larger-scale trial,
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ultimately aiding in developing a more accessible inter-
vention for BC patients across Chile and Latin America.
Another limitation is the study’s confinement to the
Metropolitan Region of Chile and a single healthcare
system, which may restrict the generalizability to other
healthcare contexts. However, the focus on the Chilean
public healthcare system offers insights into implement-
ing a patient-centered intervention like Aurora within
resource-constrained environments. It highlights its
potential to address the high burden of BC (Fig. 2).

Appendix
Informed Consent
LogBook Journal
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