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Abstract

Background: Neuroblastoma, one of the most common extracranial solid tumorsin children, often resultsin significant functional
impairments, including muscle atrophy, reduced motor function, and sensory disturbances. While aerobic exercise has been shown
to support functional recovery in patients with cancer, digital therapy—based aerobic exercise interventions have not yet been
explored in pediatric neuroblastoma.

Objective: This study aims to develop and evaluate a digital intervention therapy to provide a safe, feasible, and tolerable
home-based physical activity initiation protocol for children with neuroblastomaafter chemoradiotherapy, with the main objectives
of (1) breaking sedentary behavior habits and increasing daily energy expenditure, (2) gradually improving physical function
(flexibility, basic muscle strength and muscle endurance, and balance ahility), (3) establishing the habit of regular exercise and
improving exercise self-efficacy, and (4) laying the foundation for a possible transition to more standard, albeit |ow-risk, aerobic
exercise.

Methods: A total of 68 participants will be recruited and allocated to 2 groups matched in age and gender, with consideration
given to the preferences of participants and their guardians. The control group will receive standard in-hospital medical treatment
and health education, whereas the experimental group will receive a6-month digital therapy—based aerobic exercise intervention
in addition to standard care. Outcomes will be assessed at baseline and 3 and 6 months, with data collected for analysis. The
primary outcomes are the 6-minute walk distance and the timed scores (in seconds) for the timed up and go and stair climb tests.
The secondary outcomesinclude body composition, grip strength, and quality of life measured using the Pediatric Quality of Life
Inventory version 4.0.

Results: Recruitment will be conducted from December 2025 to September 2026. We expect that the intervention group will
show significantly greater improvements in physical function, physical activity levels, and fatigue management than the control
group, demonstrating the effectiveness of digital therapy for rehabilitation training after radiotherapy and chemotherapy for
neuroblastomain children.

Conclusions: Weexpect that the results of thisstudy will provide evidencefor rehabilitation after chemoradiotherapy in pediatric
patients with neuroblastoma to improve physical function, physical activity levels, and fatigue management. In the future,
expanding to multiple centersto conduct targeted surveys of different types of childhood cancerswill help validate the eff ectiveness
of digital therapy.
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Introduction

Neuroblastoma is one of the most common solid tumors in
children, accounting for 8% to 10% of al childhood cancers,
with aglobal incidence of approximately 10.1 cases per million
children annually [1,2]. The clinical presentation of
neuroblastoma varies depending on the tumor’s location and
severity, often involving compression or invasion of neural
structures. Standard treatments such as radiotherapy,
chemotherapy, immunotherapy, and surgery canlead to adverse
effects, including fatigue, vomiting, and malnutrition [3,4].
Additionally, children with neuroblastomafrequently experience
limb motor dysfunction (eg, hypokinesia), sensory deficits,
behavioral and cognitive impairments (eg, learning difficulties
and attention-deficit/hyperactivity disorder), mood disorders,
and sleep disturbances [5,6]. Given that childhood is a critical
period for physica and mental development, the long-term
impact of neuroblastomaon cardiopulmonary fitnessand quality
of lifeunderscorestheimportance of early exerciseinterventions

[71-

Thereisagrowing body of preclinical evidence suggesting that
exercise positively influences the tumor microenvironment,
enhancesimmune function, and supports nervous system health
[8,9]. Inclinical settings, exercise has been shown to accelerate
postoperative recovery, improve physical activity levels and
cardiopulmonary fitness, and alleviate cancer-related fatiguein
patients undergoing radiation or chemotherapy [10]. Combined
exerciseinterventions alongside chemotherapy and surgery have
been reported to reduce tumor growth rates by 31% to 67% and
lower the risk of metastasis [11]. Furthermore, preoperative
exerciseinterventions may decrease postoperative complications
and shorten hospital stays[12]. Braam et al [13] demonstrated
that exercise interventions during and after cancer treatment
improve body composition, flexibility, cardiorespiratory fitness,
muscle strength, and quality of life in pediatric patients with
cancer. A systematic review of exerciseinterventionsin children
with acute lymphablastic leukemia highlighted their benefits
in reducing fatigue during chemotherapy and maintaining
physical activity, muscle strength, bone density, and functional
capacity after treatment [14].

Aerobic exercise, the most commonly studied form of exercise
intervention in oncology, has been shown to enhance
cardiovascular fitness, boost metabolism, strengthen muscles,
improve quality of life, reduce fatigue, and alleviate depression
[15-17]. For instance, Leclerc et a [18] reported significant
improvements in motor function, body fat percentage, and
quality of lifein patientswith breast cancer following a 3-month
multidisciplinary aerobic exercise program. Similarly, Tanriverdi
et a [19] found that a virtual reality—based aerobic exercise
intervention improved sleep quality in children with acute
lymphoblastic leukemia. Despite these benefits, patient
adherence remains a significant barrier to the implementation
of exerciseinterventions. Blanchard et a [20] noted that 52.7%
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to 70.4% of patientswith cancer in the United Statesfail to meet
recommended exercise guidelines. Strategies to enhance
adherence and intervention efficacy are critical for advancing
this field. For example, Le et a [21] demonstrated that a
12-week telephone-based exercise intervention improved
physical activity, fatigue, quality of life, and vitality in survivors
of cancer. However, such interventions require substantial
manpower and lack direct interaction, highlighting the need for
more scalable and interactive solutions.

The integration of digital health technologies into health care
services has opened up new avenues for innovation. Digital
therapeutics (DTx), which use evidence-based software
programs to deliver interventions for disease treatment,
management, or prevention, represent a promising approach
[22]. DTx leverage artificial intelligence to enable effective
disease monitoring, provide personalized treatment plans, and
enhance health care delivery [23]. In 2019, the World Health
Organization endorsed digital rehabilitation as a continuous
care model in its guidelines on digital interventions for health
system strengthening [24]. DTx for aerobic exercise
interventions are now widely used in managing chronic
conditions such as heart disease, diabetes, and obesity [25].
Studies have shown that users of digital platforms are more
likely to achieve exercise-rel ated benefits compared to nonusers
[26], and DTx have demonstrated high engagement and
acceptability among children and their parents[27]. Compared
with traditional face-to-face aeraobic training, DTx-based aerobic
exercise offers several distinctive advantages, including
real-time feedback, science popularization and patient education,
and adaptive intensity adjustment through dataanalytics. These
features contribute to higher user motivation, better adherence,
and more precise monitoring of exercise quality and safety
[28,29]. By transcending time and space limitations, DTx enable
real-time remote guidance, intervention quality monitoring, and
reduced hospitalization frequency, thereby improving
intervention efficiency and alleviating the burden on health care
providers.

While animal studies have demonstrated the positive effects of
exercise on physical function, immunity, and tumor prognosis
in neuroblastoma models [30], clinical evidence on the impact
of DTx-based aerobic exercise in children with neuroblastoma
remains scarce. This study aims to address this gap by
investigating the effects of anovel aerobic exercise—based digital
therapy intervention on motor function and quality of life in
children with neuroblastoma.

Methods

Study Design

This study isasingle-center, prospective clinical trial designed
to evaluate the efficacy of a digital therapy—based aerobic
exercise intervention in children with neuroblastoma. The trial
adheresto US Food and Drug Administration certification and
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management standards for digital therapy. Participants will be
divided into 2 groups: the control group will receive routine
in-hospital diagnosis and treatment, whereas the experimental
group will receive a digital therapy—based aerobic exercise
intervention in addition to standard care. Following group
alocation, the control group will receive physical activity

Figure 1. Digital management pathway for children with neuroblastoma
Inventory version 4.0; WHO: World Health Organization.

Zhou et d

guidance from clinicians as part of conventional care, whereas
the experimental group will follow a personalized digital
exercise management program tailored to their disease condition
and lifestyle (Figure 1). The trial aims to establish a digital
management model for children with neuroblastoma through
statistical analysis of clinical outcomes.

6MWD: 6-minute walk distance; PedsQL 4.0: Pediatric Quality of Life

Digital management model

History of Present Illness, Past Medical
History, Demographie Characteristics,

A Body Composition Measures, Muscle
- Strength Assessment and Quality of Life
L
record —
Control Group: routine hospital Intervention Group: routine hospital Intervention Group,
diagnosis and treatment+health treatment+digital intervention based on personalized
promotion education aerobic exercise customized program
1.Health promotion guidance According to the functional status and exercise log
N after evaluation, personalizedonline exercise and
1 R rehabilitation guidance programs will be pushed by
1, Symptom analysis . Y o
. . category, efficacy quality monitoring will be
— implemented, and goals will be set in stages
§ J.Science popularization
: Treatme Visit at andeducation
: third and | Management
i| nt for 24 .
H sixth month 4Index analysis
weeks - . :
— Dynamic regimen adjustment: real-time quality
5. Reminder of follow-up maonitoring of treatment and adjustment of exercise
visit intensity and treatmentfrequency based on patients’
exercise logs
6. Exercise journal
Efﬁcacy Main indicators: 6MWD , timed up and go test, stair climb test
assessment 3 e Tr 8
Secondary indicators: body composition, grip strength, PedsQL 4.0 scale score
J_L

Sl

[ Follow-up 'I

| assessment at 24

L , weeks /
Participants

Children aged 6 to 17 years with a confirmed diagnosis of
neuroblastoma will be recruited from outpatient clinics at the
research center. Participantswill be recruited based oninclusion
and exclusion criteria.

Inclusion Criteria

The inclusion criteria are as follows: (1) confirmed diagnosis
of neuroblastoma requiring radiotherapy or chemotherapy, (2)
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age of 6 to 17 years, (3) ability to understand and express
themselves to some degree, (4) ability of the patient or their
guardian to operate a smartphone app, (5) awareness of the
patient’'s condition and prognosis by the patient or their
guardian, and (6) voluntary participation with signed informed
consent from the patient and their guardian.

Exclusion Criteria
The exclusion criteriaare asfollows: (1) preexisting malignant
tumors or other types of solid or nonsolid tumors; (2) disease
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progression or recurrence at the time of study enrollment; (3)
heart rate (HR) exceeding 70% of the age-specific maximum
or below 60 beats per minute, systolic blood pressure of >180
mm Hg or orthostatic hypotension, respiratory rate of >50
breaths per minute, body temperature of >37.5 °C, or oxygen
saturation of <90%; (4) occurrence within 3 months before
enrollment of cardiac insufficiency (New York Heart
Association functional class Il or higher), severe pulmonary
function decline, fracture, hypertension of grade =2, or
concurrent use of >2 antihypertensive medications; (5) history
of HIV infection, active hepatitis B virus or hepatitis C virus
infection, or uncontrolled systemic infection; and (6) major
surgery within 4 weeks before enrollment or planned major
surgery during the study period.

Grouping and Masking

Participants with a clear preference for either intervention will
be allocated accordingly, whereas those without a preference
will berandomly assigned to the experimental or control group.
This approach was adopted to accommodate the preferences of
the participantsand their guardianswhile preserving the benefits
of randomization. Due to the nature of the intervention,
participants and intervention providers will not be blinded to
group allocation. However, outcome assessors and statisticians
will remain blinded to group assignments to minimize bias.

https://www.researchprotocol s.org/2026/1/€72698
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Intervention

Experimental Intervention Program

The experimental group will undergo a baseline assessment
using a self-developed questionnaire including demographic
and diseaseinformation (obtained from hospital records), height,
weight, BMI, 6-minute wak distance (6MWD), body
composition, grip strength, and Pediatric Quality of Life
Inventory version 4.0 (PedsQL 4.0) score. On the basis of the
assessment results, a rehabilitation therapist will design a
personalized aerobic exercise intervention program, including
exercise prescriptions, home exercise routines, physical activity
promotion, and daily activity management.

A self-developed digital management system will provide
real-time monitoring of exercise logs and deliver tailored
exercise strategies. The intensity of aerobic exercise will be
adjusted based on individual fatigue levels measured using the
Borg fatigue scale. The intervention will be conducted once
daily for 30 minutes, 5 days per week over 24 weeks. The digital
platform will also offer educational content and personalized
information based on the patient’s condition and exercise
progress.

Outline of the Exercise-Based Digital Therapy

The aerobic digital intervention exercise training program is
tailored to participants Borg fatigue scale scores, with 3
intensity levels designed to accommodate varying levels of
fatigue, asshown in Table 1. Each program requires 30 minutes
of exercise per day, 5 days per week for 6 months.
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Exercises

Description

L ow-intensity program (Borg fatigue score 6-10)

Seated arm stretch

Backward arm lift

Seated leg stretch

Supported knee bend

Heel-to-buttock stretch

Waist stretch

M oder ate-intensity program (Borg fatigue score 11-12)
Standing heel lift

Lunge with arm raise

One-legged stand

Back stretch

Standing shrug

Kneeling push-ups

High-intensity program (Borg fatigue score 13-14)

In-place high knee raises

Participants sit upright with their fingers crossed. They straighten
their arms and raise their palms above their head. They hold for 30
secondsto feel astretch in their arms and upper chest.

Participants cross their fingers behind their back with their palms
facing each other. They slowly turn their elbows inward (palms out-
ward) while straightening their arms. They lift their arms upward and
away from their hipsuntil they feel astretch in their arms, shoulders,
or chest. They hold for 30 seconds, keeping their chest lifted and chin
tucked.

Participants sit on the edge of a chair with one leg extended and the
heel on the floor. They place their hand on the opposite thigh for
support. They bend dightly forward at the hips until they feel astretch
in the back of the extended leg. They hold for 10 to 15 seconds and
then switch legs.

Participants face awall or stable surface for support. They place their
forearm on thewall and rest their head on the back of their hand. They
bend one knee and bring it close to the support, keeping the other leg
straight. They hold for 30 seconds and then switch legs.

Participants hold the top of their right foot with their left hand and
gently pull their heel toward their buttocks. They hold for 30 seconds
and then switch legs.

Participants stand with their feet shoulder-width apart. They cross
their left hand over their waist and raise their right hand above their
head. They bend their upper body to theleft, hold for 15 seconds, and
repeat on the opposite side.

Participants stand upright with their feet shoulder-width apart and
arms hanging naturally. They lift both heels off the ground, extending
their feet fully. They hold for 5 seconds, then lower their heels and
repeat 5 times.

Participants stand with their feet shoulder-width apart and hands on
their hips. They lunge forward with their Ieft leg, bending both knees
until their right knee nearly touchesthe ground. They raisetheir arms
above their head, interlocking their palms. They hold for 15 seconds
and then return to the starting position.

Participants stand near awall for support. They lift one foot slightly
off the ground, bending the other knee. They hold for up to 30 seconds
and then switch legs.

Participants position themselves on al fours with their hands under
their shoulders and their knees under their hips. They arch their back
upward, holding for 10 seconds, and then lower their back slightly.
They repeat for 30 to 60 seconds.

Participants stand with their feet shoulder-width apart, chest up, and
core engaged. They let their arms hang naturally at their sides with
palms facing in. To perform the movement, they elevate their shoul-
derstoward their earsin a controlled motion, hold the contraction
briefly at the top, then slowly lower back to the start.

Participants place their hands on the ground slightly wider than
shoulder-width apart, with their knees hip-width apart. They bend
their elbows to lower their chest toward the ground and then push
back up.

Participants stand with their hands on their waist and upper body
straight. They lift their right kneeto form aright angle with their thigh
and calf and then alternate with their left knee in a running motion.
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Exercises

Description

Deep squat

Knee straightening

Wall push

Plank support

Step-up squat

Participants stand with their back against awall and feet dightly apart.
They slide down the wall until their thighs are parallel to the floor,
keeping their hips higher than their knees. They hold for 5 to 10 sec-
onds and then return to the starting position.

Participants sit in a chair with their feet together. They straighten one
knee, hold for afew seconds, and then slowly lower it and repeat with
the other leg.

Participants place their hands at shoulder height on awall with their
fingers pointing upward. They bend their elbows to bring their body
closer to the wall and then push back until their arms are straight.

Participants position themselves on their elbows and toes, keeping
their body in astraight line from the shouldersto the ankles, and hold
for 30 seconds.

Participants stand in front of a sturdy bench with one leg bent back
and their toes on the bench. Participants bend their forward leg until
their thigh is parallel to the floor and then return to the starting posi-
tion. Participants complete 10 repetitions and then switch legs.

Control Group Program

Children with neuroblastoma who meet the inclusion criteria
will be introduced to the study’s purpose. After obtaining
informed consent, a baseline survey will be conducted using a
self-developed questionnaire that includes demographic and
disease information extracted from the hospital’s information
system. Additional baseline measurements include height,
weight, BMI, 6MWD, body composition, grip strength, and
PedsQL 4.0 score. The control group will receive standard
in-hospital medical treatment and health education. At the 3-
and 6-month follow-up visits, outcome assessments and
guestionnaires are administered to the control group
(demographic and baseline disease information are not
collected).

Compliance Supervision

All personnel involved in the study will be qualified and have
undergone prestudy training to ensure role clarity and
standardization. Data collectors, data entry personnd,
rehabilitation therapists, and digital therapy supervisors will
complete training and pass examinations to ensure consistency.
Participantsin the experimental group will be added to adigital
management platform (WeChat app) where they will log daily
exercise sessions and receive educational content and virtual or
physical rewards based on their adherence. A home training
diary will be maintained by patients or their guardians on the
digital platform to record exercise time and frequency. Quality
control personnel will regularly monitor adherence through the
platform. Participants who complete the study will receive
additional small toy incentives or follow-up program instruction
sessions. Adherence to digital therapy will be measured as the
percentage of completed daily log-ins relative to the minimum
required (80% adherencethreshold). Participantswith adherence
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below 80% will be contacted by the researchers to document
reasons for noncompliance.

Withdrawal Criteria

Participants will be withdrawn from the study for the following
reasons. (1) serious violation of the test protocol by the
participant or their guardian or (2) receipt of other treatments
by the participants during the trial that interfere with the study.

Suspension Criteria

This study will be suspended or terminated for participants
under the following circumstances: (1) failure to complete the
6-month intervention as required by the study protocol, (2)
occurrence of serious safety issues that compromise participant
safety, (3) significant protocol deviations that hinder efficacy
or safety evaluation, (4) a decision by the ethics committee to
suspend or discontinue the study, or (5) adecision by the study
sponsor to suspend or halt the study.

Adver se Events

All adverse events (AES) occurring during the trial will be
documented in an AE form. Investigators will assess the
relationship between AEs and the intervention and determine
whether to discontinue the intervention. AEs will be followed
up on until resolution.

Comprehensive Assessment

Efficacy assessments will be conducted by qualified
rehabilitation therapists at baseline and 3 and 6 months.
Assessments will include (1) demographic and physica
developmental indicators (height, weight, and BMI), (2) 6MWD,
(3) timed up and go (TUG) test, (4) stair climb test (SCT), (5)
body composition, (6) grip strength, and (7) PedsQL 4.0 score
(Table 2).
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Screening entry period: visit Treatment period: visit 1, week 12

Treatment period: visit 2, week 24

0 (day 1) (-6 daysto +6 days) (-6 daysto +6 days)
Informed consent O
Inclusion and exclusion criteria O
Basics O
Measurement of human body parameters [ ad O
Instrument-based test
Body composition determination O ad O
Muscle power O d O
Quality of life
Score on the Chinese version of the [ O O
PedsQL 4.0%
Outcome measures
6-minute walk to test walking diss [0 d O
tance
Timed up and go test
Stair climb test O O O
Adverse event assessment O

3PpedsQL 4.0: Pediatric Quality of Life Inventory version 4.0.

Primary Outcome M easure

6MWD Measure

The 6-minute walk test is conducted in a flat, 30-m corridor.
Participants are instructed to walk as far as possible within 6
minutes without running or jogging. The total distance walked
back and forth along the corridor during the 6-minute period is
recorded. The distance is measured in meters with an accuracy
of 0.1 m. Vita signs, including HR (pretest resting HR and
immediate posttest HR), respiratory rate, blood pressure, oxygen
saturation, and the Borg subjective fatigue score, are assessed
and documented both before and after the test.

For the test environment, a 30 m-ong corridor with marked
linesat 1-mintervalswill be used, and bright-colored strips are
attached to the ground to indicate the start and end point of each
60-m segment.

The test requires that participants wear comfortable, walkable
shoes; avoid strenuous exercise for at least 2 hours before the
test; and rest for aminimum of 10 minutes before the test begins.

If aparticipant experiences physical discomfort during the test,
they may take a short break by leaning against the wall and
resume walking once they feel better. The timer will not be
paused during this process. If thetest isterminated early (before
6 minutes), the following information must be recorded: (1) the
time at which the test was stopped, (2) the reason for early
termination, and (3) the total distance walked up to that point.

TUG Test

The TUG test will be used to assess functional mobility due to
its reliability, cost-effectiveness, and efficiency [31]. During
the test, the participants will be instructed to rise from a chair,
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walk adistance of 3 m, turn around, return to the chair, and sit
down again. The total time taken to complete this task will be
quantified in seconds. Performance is inversely related to the
score, meaning that a shorter time indicates better functional
mobility.

SCT Measurement

The SCT will be used to assess functional mobility, including
domains such as strength, speed, and axial movement (rotation).
The SCT requires participants to ascend a 10-step staircase,
promptly turn around at the top, and descend back to the starting
point. Children will beinstructed to perform the task as quickly
and safely as possible without pausing and are permitted to use
the handrails. The total completion time, recorded in seconds,
serves as the primary outcome measure, with shorter times
reflecting better performance [31].

Secondary Outcome M easures

Body Composition I ndex

A body composition analyzer (InBody 260) will be used to
measure the patients' body composition: body fat percentage,
basal metabolic rate, skeletal muscle mass, waist-to-hip ratio,
body water, protein, and inorganic salt content.

Grip Strength

Grip strength will be measured using a TKK-5401 grip strength
meter produced by Takel. The participants' body will bein an
upright position, with their feet shoulder-width apart, arms
naturally hanging down, and palmsinward and one hand holding
the grip strength meter at full grip strength. During the
measurement, the assessor must ensure that the grip strength
meter does not touch the participant’s body or clothing. The
value displayed on the device is then recorded by the assessor.
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The test is performed twice (alternating hands), a 15-second
break is allowed between measurements, and the best results
areretained for the stronger hand, with grip strength measured
in kilograms accurate to 0.1 kg.

Score on the PedsQL 4.0 Scale

The Chinese version of the PedsQL 4.0 scale will be used in
this study. This scale has demonstrated good reliability and
validity and has been widely adopted in research assessing
quality of life among children in China. The PedsQL 4.0 scale
comprises 23 items, which are categorized into 4 domains:
physical functioning, emational functioning, social functioning,
and school functioning. Each item is rated on a 5-point Likert
scale ranging from O to 4. During scoring, responses are
transformed into a scale from 0 to 100, where higher scores
indicate better outcomes. The domain score is calculated by
summing the scores of all itemswithin that domain and dividing
by the number of items in the domain. Similarly, the total
summary scoreisderived by summing the scoresof all 23 items
and dividing by the total number of items. Both the domain
scores and the total summary score range from 0 to 100, with
higher scores reflecting a better quality of life.

Statistical Analysis

Data will be analyzed using SPSS (version 26.0; IBM Corp).
Primary models using the intention-to-treat principle will be
conducted for all primary and secondary outcomes. Data
normality will be assessed initially. Nonnormally distributed
data will be presented as medians with IQRs. Between-group
comparisons (intervention vs control) for these variables will
be conducted using the Mann-Whitney U test. Within-group
comparisons (baseline vs each follow-up) will be conducted
using the Wilcoxon signed rank test. Categorical data will be
reported as numbers with percentages and analyzed using the
chi-squaretest. Differencesin primary and secondary outcomes
between the intervention and control groups across all
assessment time points will be evaluated using mixed-model
analysis. Statistical significance will be defined as a P value of
<.05, with multiple comparisons adjusted using the Bonferroni
method.

Sample Size Calculation

The sample size was cal culated using G* Power (version 3.1.9.7;
Heinrich Heine University Disseldorf). On the basis of arelated
study [32], an effect size of 0.953 was determined, derived from
the difference in the BMWD between the experimental group
(mean 35.89, SD 8.46 |aps) and the control group (mean 26.76,
SD 10.57 laps) after theintervention. The significancelevel (a)
was set at .05, and the power (1 — ) was set at 0.95. The
calculation indicated that 30 participantswere required for each
group. To account for a potential 10% loss to follow-up, 34
participants per group were planned for recruitment, resulting
in atotal sample size of 68 participants.

Quality Control and Quality Assurance

All researchers involved in this study possess appropriate
clinical research qualifications. Before the commencement of
the clinical trial, the project leader or principal investigator
conducted comprehensive training sessions for the research
team. Personnel responsible for evaluations were specifically
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trained in eval uation procedures and operational methods, with
their competency regularly assessed. Quality control measures
include monthly monitoring and eval uation by inspectorswithin
each group, as well as quarterly monitoring and evaluation by
the study team’ sinspectors. To ensuretheintegrity of the study,
a data and safety monitoring committee was established to
oversee the quality of each process. The clinical research unit
isresponsible for maintaining the quality and safety of the study,
ensuring both the safety of participants and the validity of the
data. Thetrial may be terminated if theintervention isfound to
be ineffective or if significant safety concerns arise based on
the assessment of data quality, efficacy outcomes, and AEs. In
the event of an AE, the principal investigator will evaluate the
situation and determine whether to suspend the intervention.

Ethical Consider ations

Ethics and | nformed Consent

This study has been approved by the Medical Ethics Committee
of XinhuaHospital, affiliated to Shanghai Jiao Tong University
School of Medicine (XHEC-C-2023-062), and al study
participants will provide written informed consent.

Dissemination and Publication Policy

Study results will be published in peer-reviewed journals and
presented at conferences and relevant stakeholder engagement
activities. There will be no information that can identify
participants in any publication. Participants who explicitly
express awish to be informed about the research outcome will
be contacted and offered to receive an article or poster with a
lay summary of the study.

Results

Recruitment will be conducted from December 2025 to
September 2026. It is expected that the intervention group will
show significantly greater improvements in physical function,
physical activity levels, and fatigue management compared to
the control group and that the effectiveness of digital therapy
for rehabilitation training after radiotherapy and chemotherapy
for neuroblastomain children can be demonstrated. Thefindings
of this study are anticipated to be published by late 2026 or
early 2027.

Discussion

Expected Findings

DTx represent an innovative treatment modality that facilitates
real-time remote guidance and intervention quality monitoring.
Thisapproach reducesthe need for frequent hospital visitswhile
enhancing the efficiency of interventions[29]. Aerobic exercise
has been widely recognized for its significant role during and
after oncology treatment, contributing to improvements in
physical fitness, muscle strength, and functional capacity.
Additionally, it aleviates symptoms such as pain and diarrhes,
shortens hospitalization duration, and promotes mental health
and emotional well-being [33]. It should be pointed out that the
primary goal of this “aerobic digital intervention” program is
not to directly maximize cardiorespiratory endurance (such as
maximal oxygen consumption) in the traditional sense but to
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provide a safe, feasible, and tolerable home physical activity
initiation program for participantswith different levels of fatigue
toimprove physical function, physical activity level, and fatigue
management.

Theintegration of aerobic exercise interventions with DTx has
shown promise in enhancing intervention efficacy through
personalized, multilevel management of exercise programs. To
the best of the authors' knowledge, this study is the first
controlled trial to evaluate the impact of an aerobic exercise
intervention combined with digital therapy on motor
performance in children with neuroblastoma.

The primary objective of this study is to establish a digital
management intervention protocol for children with
neuroblastomaby comparing the effectiveness of DTx combined
with an aerobic exercise intervention against traditional
in-hospital visits and health promotion strategies. The study
outcomes are expected to demonstrate significant improvements
in cardiopulmonary fitness, muscle strength, body composition,
and quality of life. These findings will provide an
evidence-based rational e for the futureimplementation of digital
therapy—supported aerobic exercise programsin this popul ation.

Limitations

Despite its potential, this study has severa limitations that
should be considered when interpreting the results. First, the
single-center design and small sample size restrict the
generalizability of the findings. Future research should involve
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multiple centers across different regions and include larger
samplesto enhance external validity. Second, although outcome
assessors and statisticians were blinded, participants and care
providers were not. Furthermore, for participants with a
preexisting preference, allocation was based on that preference
rather than randomization. This nonrandomized allocation for
a subset of participants introduces potential performance and
expectation biases. As a preliminary investigation, this study
provides foundational insights that can inform the design of a
more rigorous randomized controlled trial in the future. Finally,
the digital therapy platform and exercise programs are
self-developed, and no formal large-scale usability testing was
conducted before the intervention. While the design was
informed by pediatric expertise and in-study engagement metrics
supported feasibility, future iterations would benefit from
structured usability testing to optimize the platform before
broader implementation.

Conclusions

This study represents an important first step in aerobic digital
therapy for pediatric neuroblastoma. It provides evidence that
rehabilitation after chemoradiotherapy in pediatric patientswith
neuroblastomacan improve physical function, physical activity
levels, and fatigue management. In the future, expanding to
multiple centers to conduct targeted surveys of different types
of childhood cancers will help validate the effectiveness of
digital therapy—based aerobic exercise.
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