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Abstract

Background: Young adult survivors of pediatric brain tumors and young adult patients with isocitrate dehydrogenase (IDH)
mutant gliomas are at risk for cognitive impairment, reduced physical fitness and function, as well as poor health-related
quality of life (HRQOL) and psychosocial health. Exercise improves these outcomes; however, both populations remain
understudied with respect to exercise interventions. High-intensity interval training (HIIT) is a promising intervention, as it is
time-efficient, safe, tolerable, enhances cognition in healthy young adults, and improves physical fitness and quality of life in
adult patients and survivors with cancer. However, the feasibility of HIIT is not yet understood in survivors of pediatric brain
tumors and patients with IDH-mutant glioma.

Objective: The HYPE study is a pilot randomized controlled trial that aims to (1) determine the feasibility of a HIIT exercise
intervention for young adult survivors of pediatric brain tumors and patients with IDH-mutant glioma, (2) determine the
preliminary efficacy of HIIT to improve physical fitness and function, cognition, HRQOL, and psychosocial health, and (3)
explore exercise sustainability and the impact of social determinants of health on study outcomes.

Methods: A total of 30 young adult survivors of pediatric brain tumors and patients with IDH-mutant glioma (18-45 years of
age) will be randomized to an exercise or control group. The exercise group performs virtually supervised HIIT 3 times per
week for 16 weeks, followed by 16 weeks of self-directed exercise. Exercise involves indoor cycling, and sessions include 20
minutes of high- and low-intensity intervals (high intensity=60-s 60%-90% peak power output; low intensity=60-s 10% peak
power output), and a S-minute warm-up and cool-down. The control group performs a 16-week stretching program. Feasibility
of the HIIT intervention is measured by the number of exercise sessions completed, including total minutes and intensity,
and barriers to exercise adherence. Cognition, physical fitness and function, HRQOL, and psychosocial health are measured
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using standardized assessments and self-report questionnaires. Exercise sustainability is measured by change in study outcomes
following the self-directed follow-up period, and social determinants of health are assessed using a self-report questionnaire.

Results: Baseline data collection began in February 2024, and 13 participants have been enrolled as of June 2026. The
projected study end date is December 2026. Data analysis is planned to begin in January 2027, and findings will be published
in the fall of 2028.

Conclusions: To our knowledge, this study is the first to use a virtually supervised HIIT intervention in young adult patients
and survivors of brain tumor. The findings will elucidate the feasibility of HIIT to design and power a randomized controlled
trial to address cancer- and treatment-related sequelae. They will also provide insights into the sustainability of HIIT and the

impact of social determinants of health.

Trial Registration: ClinicalTrials.gov NCT05740839; https://www clinicaltrials.gov/study/NCT05740839
International Registered Report Identifier (IRRID): DERR1-10.2196/88718

JMIR Res Protoc 2026;15:e88718; doi: 10.2196/88718
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Introduction

Brain and central nervous system tumors are the most
prevalent solid tumors and the second most common form of
pediatric cancer overall, representing 15.9% of new child-
hood cancer diagnoses in the United States [1]. Among
young adults, primary brain tumors are also the second
most common form of cancer, with an incidence of 12
per 100,000 individuals [2]; isocitrate dehydrogenase (IDH)
mutant gliomas comprise the majority of these diagnoses
[3]. Both populations receive treatments that can affect their
neurologic function at a young age and experience prolonged
survival compared to other cancer populations: survivors of
pediatric brain tumor have a 5-year survival rate of 75% [4],
and the majority of patients with IDH-mutant gliomas survive
more than a decade [5-7]. As a result, these young adults
live with long-term sequelae due to tumor and treatment.
Cognitive impairment is highly prevalent in survivors of
pediatric brain tumor, affecting 40%-100% [8], and although
less well-defined, it is also reported in young adults with
IDH-mutant gliomas [9,10]. In both populations, impairment
includes deficits in executive function, memory [11,12],
and processing speed [13]. They also demonstrate reduced
physical fitness and function [14-16], and limited physical
activity [17-21]. Notably, cognitive and physical difficulties
experienced by survivors of pediatric brain tumor can persist
into young adulthood [12,22,23] and may resemble those seen
in young adults with IDH-mutant gliomas. These difficul-
ties have tangible consequences for functioning, including
reduced health-related quality of life (HRQOL) and psycho-
social health challenges (eg, familial and peer relationships,
psychological well-being) [14,24-26]. Feasible, effective, and
sustainable interventions are needed to mitigate cognitive and
physical sequelae and enhance HRQOL and psychosocial
health in both populations.

In survivors of pediatric brain tumor, aerobic exercise is
associated with cognitive amelioration [27-29], and improve-
ment in physical fitness, function, and HRQOL [30].
Although exercise has been studied less frequently in adults
with IDH-mutant gliomas, preliminary work suggests it is
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safe, feasible, and may reduce tumor-related symptoms and
improve HRQOL [31,32]. Commonly cited barriers include
fatigue, pain [17,18], busyness, lack of gym membership [33],
environmental restriction, and avoidance of traveling alone
[34], as opposed to an aversion or inability to exercise [33].
Consistent with this, young adults with IDH-mutant gliomas
identify exercise as an unmet lifestyle need [10]. Virtu-
ally supervised, home-based high-intensity interval training
(HIIT) could directly address these barriers while providing
real-time support to promote adherence and ensure safety.
HIIT involves brief bouts of concentrated work alternated
with recovery. It is clinically validated, safe, and accessible
[35,36], and its interval structure of work and recovery is
more tolerable than other forms of vigorous-intensity exercise
in several clinical populations [37-40]. Further, aerobic HIIT
promotes improvements in cognition [41], physical fitness
[42,43], and HRQOL and psychosocial health [44-48].

Accordingly, the high-intensity interval exercise in young
adult survivors of pediatric brain tumors (HYPE) study
(NCTO05740839) will evaluate the feasibility and preliminary
efficacy of a 16-week, virtually supervised HIIT indoor
cycling intervention for survivors of pediatric brain tumors
who are now young adults and young adults diagnosed
with IDH-mutant gliomas. The primary aim of the study
is to determine feasibility, assessed through the number of
exercise sessions completed, including total minutes and
intensity, and barriers to exercise adherence. It is hypothe-
sized that the intervention will be feasible for young adult
survivors of pediatric brain tumors and young adults with
IDH-mutant gliomas. The secondary aim is to determine the
preliminary efficacy of HIIT to improve cognition, physical
fitness and function, HRQOL, and psychosocial health. It is
hypothesized that patients and survivors who complete the
HIIT intervention will show improvements on measures of
executive function, memory, processing speed, cardiorespira-
tory fitness, muscular strength and function, fatigue, pain,
sleep, and well-being compared to baseline and a control
group. Finally, tertiary aims of the study are to determine
the sustainability of indoor cycling on secondary outcomes
during a 16-week self-directed exercise follow-up period
(ie, when supervision is removed), identify disparities in
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study participation, and determine the generalizability of
study data to historically marginalized populations. It is
hypothesized that sustainability will decrease when exercise
supervision is removed, particularly among patients and
survivors exposed to poverty. Associations between self-
reported social determinants of health and study endpoints
(feasibility and secondary outcomes) will also be explored.

Methods

Ethical Considerations

The HYPE study was approved by the Dana-Farber/Har-
vard Cancer Center Institutional Review Board (22-505).

Cox et al

All participants provide informed consent in week 0 (Table
1) electronically or in person. Electronic consent allows
participant enrollment using a distance-based approach that
reduces patient burden by limiting the number of visits they
are asked to make to DFCI. REDCap (Vanderbilt Univer-
sity) is used for storing all participant data. REDCap is a
free, secure, Health Insurance Portability and Accountability
Act (HIPAA) compliant web-based application. Participants
are provided with equipment to perform the HIIT exercise
intervention, which they keep after completing the study in
lieu of compensation. The study sponsor or funders are not
involved in the trial design, conduct, analysis, or reporting of
the trial.

Table 1. SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) flow diagram for timeline of study visits.

Study time points Week 0-1

Intervention
(weeks 2-17)

Baseline
(week 1)

Follow-up®
(week 34)

Postintervention
(week 18)

v
v

Eligibility screen
Informed consent

Allocation

Health questionnaire

Medical history

ANENEN

Exercise screening

HIIT! exercise intervention

Exercise tolerance

Attention control
Primary outcome

Feasibility
Secondary outcomes

Cognition

Physical fitness and function

Blood biomarkers

Blood pressure

Anthropometrics, body composition

Health-related quality of life, psychosocial health
Tertiary outcomes

Exercise sustainability

Demographics, social determinants of health
Covariates

Dietary assessment
Physical activity assessment

d

&

NN

NN N N RN
NN NN NN
NN N N RN

“Only exercise group will complete follow-up testing.
4N/A: not available.

®Allocation completed after baseline testing.

fHIIT: high-intensity interval training.

Study Design

The study is a single-center, 2-arm pilot randomized
controlled trial conducted at the Dana-Farber Cancer Institute
(DFCI; Boston, Massachusetts). A total of 30 young adult
survivors of pediatric brain tumors who completed tumor-
directed therapy at least 2-years prior (aged 18-45 years) and
young adult patients diagnosed with IDH mutant gliomas who
completed their most recent treatment (surgery, radiation,
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and chemotherapy) at least 1-year prior (aged 18-45 years)
will be recruited and randomly assigned to either a 16-week
home-based cycling HIIT exercise intervention (exercise
group; n=20) or a 16-week attention stretching control period
(control group; n=10). Outcomes are measured at baseline
(week 1), postintervention (week 18), and follow-up (week
34; exercise group only) (Figure 1). Participants assigned
to the exercise group complete 16-weeks of HIIT exercise
intervention and a 16-week self-directed exercise follow-up
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period. The control group performs a home-based program of exercises are low-intensity, low-impact, and low-volume,
the same stretches used in the exercise group. As flexibility —minimal caloric expenditure is expected to be incurred.

Figure 1. Study schema for the HYPE trial. HIIT: high-intensity interval training; IDH: isocitrate dehydrogenase.

Recruitment
Young adult survivors of pediatric brain tumors and young
adult patients diagnosed with IDH-mutant gliomas

Eligibility screening and informed consent
Visit 0, Week 0

v

Baseline assessments
Visit 1, Week 1

v

‘ Randomization ‘ [

i l

16-week HIIT exercise
intervention (n=20)

16-week control period (n=10)

Visits 2-49; Weeks 217 Visits 2-49; Weeks 2-17
Postintervention assessments Optional exercise equipment
Visit 50, Week 18 for control group

Follow-up assessments (exercise group only)
Visit 51, Week 34

Participant E[igibi[ity staff confirm eligibility criteria and complete the protocol-

- oo . i specific eligibility checklist.
Participants must meet all criteria to be eligible. Inclusion and

exclusion criteria are provided in Textbox 1. Trained study

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria
Survivors of pediatric brain tumors:
* Histologically diagnosed brain tumor during childhood (diagnosed <18 years)
* 18-45 years of age
* At least 2 years post tumor-directed therapy
Patients with isocitrate dehydrogenase (IDH)-mutant gliomas:
e Currently diagnosed with an IDH-mutant glioma (diagnosed =18 years)
* 18-45 years of age
* Atleast 1 year since most recent surgery, radiation, or chemotherapy treatment
All survivors:
* Willing to undergo pregnancy test and use adequate contraception prior to study entry
* Able to provide informed consent prior to study-related procedures
* Able to provide physician clearance to participate in exercise program
» Speak English and/or Spanish
 Currently participates in <60 minutes of moderate or vigorous physical activity per week
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social settings, and those who vape will be included
* Willing to travel to the Dana-Farber Cancer Institute
Exclusion criteria
All survivors:
* Diagnosis of primary spinal cord tumor
* Active malignancies

* Actively on a weight loss diet

* Has not smoked regularly within the previous 12 months (cigarettes or e-cigarettes). Those who infrequently smoke in

 History of chronic disease precluding participation in a high-intensity exercise program (ie, uncontrolled tumor-rela-
ted epilepsy, cardiopulmonary or metabolic disease that could be exacerbated by exercise)
* Pregnancy or planning to become pregnant during study duration

Cox et al

Recruitment, Screening, and Informed
Consent

Various recruitment strategies are used to identify poten-
tial participants at DFCI, including direct referral from
neuro-oncologists, screening neuro-oncology clinic lists,
and advertisements in patient waiting areas. Additionally,
recruitment takes place outside the clinical setting via
appropriate social media platforms specifically for young
adult survivors of pediatric brain tumors or young adults with
IDH-mutant gliomas, patient email lists, and research study
advertisement websites. All interested patients and survivors
complete a phone- or Zoom video call (Zoom Communica-
tions)-based screening to determine eligibility. Those who are
eligible and agree to participate are asked to provide written
or electronic informed consent. The use of electronic consent
allows for consent to be obtained remotely. This distance-
based approach can reduce participant burden and distress
associated with hospital visits and reduce their number of
visits to DFCI.

Randomization and Blinding

After baseline testing, participants are randomly assigned to
either the exercise or control group in an allocation ratio
of 2:1 using a permuted blocked design with varying block
size (with investigators blinded to block size). We use a 2:1
allocation ratio instead of 1:1 because it provides a more
precise estimate for the feasibility of the exercise interven-
tion. The study biostatistician prepared the randomization list
prior to study start-up, after which a research staff mem-
ber uploaded the list to REDCap. After participants have
provided informed consent, study eligibility is determined,
and baseline assessments are completed, a study staff member
accesses REDCap to provide the randomization allocation.
Given the nature of the intervention, study staff were not
blinded after randomization.

Intervention

Exercise Group

All exercise sessions are delivered in a home-based setting
under supervision by a trained cancer exercise trainer via
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Zoom video call, which includes an orientation session in
addition to the planned 48 exercise sessions to help get
the participant familiar with the HIIT protocol and virtual
exercise environment. All participants are provided with a
stationary bike and are expected to engage in cycling exercise
training three times weekly at home for 16 weeks; they
are encouraged to complete all 48 exercise training sessions
within 18 weeks (ie, allowing an extra 2 weeks to make up
any missed sessions). Participants are also provided with a
Wi-Fi-enabled tablet if required.

All sessions follow a standardized protocol with intensi-
ties relative to the participant’s baseline fitness level (ie,
power output at VOpmax). The cycling exercise protocol
consists of a 5-minute warm-up period at 10% of maxi-
mal power output (measured by maximal cardiopulmonary
fitness testing) followed by a 20-minute stimulus period,
consisting of high-intensity interval bouts at 60%-90% peak
power output (PPO) (based on individual fitness level) and
recovery bouts at 10% PPO. High-intensity interval and
recovery bouts occur at a 1-minute: 1-minute (work: recovery)
ratio. Following the stimulus period, participants complete a
5-minute cool-down at 10% PPO (Figure 2). A portable heart
rate monitor is used to measure heart rate prior to and during
exercise. More specifically, heart rate is recorded at the
beginning and end of each one-minute, high-intensity interval
as well as at the end of the 1-minute recovery interval. Rate
of perceived exertion and power output obtained (Watts)
are recorded every minute during the stimulus period. Any
deviations from the planned prescription are noted, as well as
why the deviation was required. All session documents are
reviewed weekly by the lead exercise trainer, with monthly
meetings to discuss any participant or protocol implementa-
tion concerns.
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Figure 2. Exercise session workflow. Black bars indicate high-intensity intervals, gray bars indicate rest intervals, and blue bars indicate warm-up or

cool down intervals. Exercise intensity from week 4 onwards is shown.

90 90 90 90 90

% Peak Power Output

Warmup 1 2 3 4 5 6 7 8 9
Time (minutes)

Exercise intensity gradually increases within the first 4 weeks
of the intervention. The intensity in the first week allows
for gradual familiarization with virtual supervision, while
slowly introducing the body to the HIIT protocol. Each week,
the “high” interval is increased by 10% until 90% PPO is
reached at week 4 and then maintained at 90% PPO for the
remainder of the intervention. If a participant is not able to
complete the entire exercise session, the number of minutes
(out of 30 min) completed during each exercise session is
documented. Changes in feeling states that occur in con-
junction with exercise are assessed by the Exercise-Induced
Feeling Inventory [49]. This questionnaire is completed prior
to exercising and repeated within 10 minutes of finishing
exercise.

The safety and health of participants is of the utmost
importance. At the start of each session, the trainer asks the
participant if there is someone else at home, in the event
that support is needed if a serious adverse event occurs.
Additionally, their exercise location is confirmed in case they
become unresponsive and an ambulance is required to be
called. At the discretion of the trainer, a session may be
terminated at any point if the participant is showing signs of
or verbally informs the trainer of pain, nausea or vomiting,
lightheadedness, chest pain, or loss of vision. However, this
symptom list is not exhaustive. Furthermore, seizures are a
common long-term symptom of brain cancer treatment. While
the inclusion criteria state that only those who have not had
a seizure within the past 6 months may consent, a compre-
hensive medical history is discussed with the participant
that includes an understanding of their seizure history and
any known triggers. In the event a seizure occurs during a
session, the aforementioned procedures would be followed
(ie, seeking assistance from someone else who is at home,
or calling an ambulance). Notably, research indicates that
epilepsy patients are not more likely to experience a seizure
while exercising [50-52].

While the HIIT protocol is tailored to each participant
based on their baseline cardiorespiratory fitness test, at the
discretion of the exercise trainer, a moderate-intensity interval
training (MIIT) protocol may be used if a participant is
unable to achieve compliance with the HIIT program. More
specifically, if a participant is unable to reach the prescribed
HIIT intensity for 3 consecutive sessions, that participant is
offered the MIIT program to maintain the interval structure
relevant to the primary investigatory nature of the study,
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but also to continue to provide exercise programming for
participants who may be physically unable or unwilling to
participate or comply fully with a HIIT program. A single
session is considered noncompliant if the number of high-
intensity minutes achieving the target Watts is <70%. For
example, if the participant only reached their target Watts
(150W) 6 out of the 10 high-intensity minutes, this session
is considered noncompliant. If this is repeated over the next
2 consecutive sessions, the participant is transitioned to the
MIIT protocol. A single interval is considered noncompli-
ant if the participant cannot stay within £5W of the target
power output for =40 seconds of the 1-minute interval. The
intensity of the moderate interval is selected according to the
highest tolerable intensity that the participant may tolerate
or complete. Participants who receive MIIT and adhere to
the program will be considered compliant in the feasibility
analysis.

Participants in the exercise group are followed for 16
additional weeks postcompletion of the structured exercise
intervention. They are encouraged to continue exercising but
exercise supervision is removed (eg, self-directed exercise).
Participants are provided with information pertaining to the
exercise intervention and power output targets completed and
keep the stationary exercise bike and heart rate monitor.

Control Group

During the initial 16-week period, control participants are
encouraged to continue with their usual activities of daily
living and complete a stretching program 3 days per week.
Two upper body and 2 lower body stretches held for 30
seconds each are prescribed. Participants are provided with an
instructional booklet of the stretches and a physical activity
log to keep track of their activities. At the end of study
participation (ie, after postintervention testing), participants
in the control group are offered a self-guided 16-week HIIT
exercise intervention including an optional orientation session
and up to 2 supervised sessions.

Measurements

Testing is completed at baseline (week 1), postintervention
(week 18), and follow-up (week 34). Study staff members
trained in exercise oncology and administration of neuropsy-
chological assessments supervise and lead all testing, unless
otherwise specified below (Table 1).
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Primary Outcome: Feasibility

Feasibility is assessed based on intervention completion,
including the number of exercise sessions completed and total
number of minutes completed at the prescribed intensity. The
intervention will be considered feasible if: (1) the proportion
of exercise sessions attended is greater than or equal to
80%, and (2) the proportion of exercise minutes completed
at the prescribed intensity is greater than or equal to 80%.
Exercise adherence will be assessed using (1) the percentage
and number of prescribed sessions attended out of 48 total
sessions; (2) the average number of minutes of prescribed
exercise completed per week out of 90 total minutes per
week; and (3) the number of compliant high- or moderate-
intensity intervals, defined as obtaining +5W of target power
output for =40 seconds of high- or moderate-intensity minute.
In addition, barriers to recruitment and exercise adherence are
assessed using the 17-item Barriers to Research Participation
Questionnaire [53], and participant burden is assessed using
the Perceived Research Burden Assessment [54]. Together,
these outcomes will be used to evaluate the ability to deliver
remotely supervised exercise, protocol fidelity, and interven-
tion acceptability. Screening rate, enrollment, eligibility rate,
retention rate, and occurrence of adverse events will also be
assessed for future trial planning.

Secondary Outcomes
Cognition

Cognition is assessed using the National Institutes of Health
(NIH) Toolbox and Montreal Cognitive Assessment (MoCA).
The NIH Toolbox is a validated digital neuropsychological
assessment tool used to measure various cognitive domains
[55]. The following NIH Toolbox tests are administered to
assess executive function, memory, and processing speed:
Flanker Inhibitory Control and Attention Test to assess
executive function and attention, Dimensional Change Card
Sort Test to assess executive function, List Sorting Test to
assess working memory (a component of executive function),
Auditory Verbal Learning Test to assess immediate recall
(memory), Picture Sequence Memory Test to assess episodic
memory, and Oral Symbol Digit Test and Pattern Comparison
Test to assess processing speed. The MoCA is a validated
neuropsychological assessment used to screen for cognitive
impairment, and includes memory tasks, logical reasoning,
and visual reproductions [56]. An episodic memory compo-
site is also derived from tests supported by the hippocampus
and surrounding medial temporal lobe [57].

Physical Fitness and Function

Physical fitness and function are assessed through the
sit-to-stand test, the Margaria stair climb, hand grip strength,
muscular strength, and cardiorespiratory fitness. The sit-to-
stand test requires participants to sit on a chair with hands
placed on the opposite shoulders, crossed at the wrists.
Participants will be instructed to rise to a full standing
position and then sit back down again, repeated for 30
seconds. One attempt will be given, and the total number of
repetitions will be recorded [58]. The Margaria stair climb is
completed in a stairwell of 10 stairs. The participant climbs
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a flight of 10 stairs one step at a time. The time (seconds)
the participant takes from stair 3 to 9 is recorded. Partici-
pants are given 3 attempts, after a familiarization practice,
and the fastest time of the 3 attempts is used to calculate
power (kg) [59]. Hand grip strength is measured using a
hand-held dynamometer on the participant’s dominant hand
(Camry Digital Hand Dynamometer). The participant is asked
to complete 3 maximal grip strength attempts, and an average
is calculated. Muscular strength is measured via the 1RM
(repetition maximum), which is estimated from 10RM muscle
strength tests on: (1) leg press, (2) leg extension, (3) leg curl
(SportsArt, Mukilteo, WA & Matrix Fitness). 1RM values
are calculated and reported using validated equations [60,61].
Following 1-2 warm-up sets, up to 5 attempts are given to
reach the final 10RM load with a 1-2-minute rest period
between attempts. Cardiorespiratory fitness will be assessed
as VOppeak Via expired gas analysis (Parvo Medics TrueOne
2400) using a maximal ramp (or submaximal if equipment
is unavailable) cycle exercise stress test starting at 15W
and increasing by 15W each minute. VOjpeqak is reported
in both relative (ml'kg''min™') and absolute (L/min) terms.
Maximal power output from the cardiorespiratory fitness test
is also used to calculate individualized exercise prescription
intensities for the HIIT program.

Blood Biomarkers

Serum and fasting (12 h fast) venous blood samples will
be obtained by a licensed phlebotomist. Samples will be
centrifuged and then aliquoted and stored at —80 degree C
for future measures. Blood samples will be batch-tested at the
end of the study to analyze biomarkers relating to meta-
bolic (ie, glucose and insulin), inflammatory (ie, TNF-alpha,
IL-6,8,10, and C-reactive protein), neurologic function (ie,
BDNF), and stress (ie, cortisol) outcomes will take place.

Anthropometrics and Body Composition

A constant-tension tape measure is used to obtain waist
circumference (ie, the distance around the waist using the
umbilicus as the reference point) and hip circumference
(ie, the distance around the widest girth of the buttocks
using the greater trochanter as a landmark). Body composi-
tion is assessed via bioelectrical impedance analysis (BIA)
using a validated device (Tanita 780, Arlington Heights, IL).
Participants are asked to remove their shoes and socks after
which height is taken using a stadiometer. They then proceed
to the BIA device and stand still while holding the handles
with their hands at their sides. The device estimates body fat
using an algorithm based on their age, sex, height, and body
weight.

HRQOL and Psychosocial Health

HRQOL and psychosocial health are assessed using the
Functional Assessment of Cancer Therapy-General (FACT-
G), Brief Fatigue Inventory (BFI), and the Brief Pain
Inventory (BPI). The FACT-G is a general questionnaire
comprised of 27 items validated to measure physical,
emotional, social, and functional well-being of patients and
survivors with cancer [62]. The BFI is used to rapidly assess
the severity and impact of cancer-related fatigue including
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6 items that correlate with QOL measures [63]. The BPI
is used to assess the impact of pain on participants’ QOL,
and includes a sensory and reactive dimension and has
been previously validated in survivors of cancer [64]. Sleep
quality is assessed using the Pittsburgh Sleep Quality Index,
which contains 19 questions evaluating 7 domains of sleep:
subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleep medication,
and daytime dysfunction [65,66].

To address participant burden, fatigue, and cognitive
impairment, assessments are scheduled at times that are
convenient for participants, and whenever possible, coordina-
ted with existing clinical visits to reduce travel and visits to
DFCI. If needed, assessments may be completed over 2 days.
The order of assessments is standardized so that potential
effects of fatigue, as well as acute exercise from the cardior-
espiratory fitness test on cognitive performance [41], occur
uniformly across participants.

Tertiary Outcomes

Exercise Sustainability

The sustainability of exercise when supervision is removed is
measured through weekly physical activity logs completed by
the exercise group during the 16-week self-directed exercise
follow-up period. The logs can be completed electronically
via REDCap, MyCap mobile app, or on paper.

Social Determinants of Health Disparities

To identify disparities in study participation and determine
the generalizability of study data to historically marginal-
ized populations, self-reported sociodemographic information
and social determinants of health are collected at baseline
using the brief Household Survey. This measure is collected
within a 2-week window from study consent. The Household
Survey intends to gather information about the socioeconomic
status of the participant’s primary household and can be
completed by the participant or with the assistance of an
identified caregiver as appropriate. The Household Survey is
available in English and Spanish and includes self-reported
health insurance, primary language, ethnicity, race, marital
status, education, health literacy, income, household size,
and measures of household material hardship (food, housing,
utility, or transportation insecurity) [67].

Covariates

Participants additionally undergo dietary and physical activity
assessments. An automated, self-administered 24-hour dietary
assessment tool is used to assess recent dietary patterns
for 2 weekdays and 1 weekend day (nonconsecutive where
possible) [68]. To measure 7-day physical activity, partici-
pants are provided with a hip-worn accelerometer (ActiGraph,
Pensacola, FL) to wear for 7 days at baseline, postinterven-
tion, and follow-up (exercise group only) testing visits and are
instructed to wear the water-resistant accelerometer except
when sleeping, swimming, or bathing. The device records
activity data and is electronically transferred to a computer
via USB cable at the time of completion.
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Adverse Events

Individuals are asked about adverse events at each supervised
visit and are provided with a phone number to report potential
intervention-related adverse events to study staff. All adverse
events are reported, and these are evaluated for the likelihood
that they occurred as a result of the intervention (very likely
to be related, likely to be related, possibly related, or unlikely
to be related). Adverse events are reported to the principal
investigator and project manager as soon as study staff learns
of their occurrence, as well as to the treating neuro-oncologist
if deemed necessary, such as in the event of a seizure or acute
worsening of neurologic function; this includes events that
occur after the initiation of the study intervention, during the
intervention, and within 30 days of intervention completion.
Additionally, participants are instructed to report any serious
poststudy events that might reasonably be related to partici-
pation in this study. Serious adverse events must be repor-
ted within 24 hours of learning of the event. The principal
investigator reports adverse events that are severe, life-threat-
ening or disabling, and fatal, and are possibly, probably, or
definitely related to the intervention to the institutional review
board. All other adverse events are logged and documented.

All adverse events, both serious and nonserious, and
deaths that are encountered from initiation of the study
intervention through 30 days of intervention completion
are followed to their resolution, or until the participating
investigator assesses the participant to be stable, or deter-
mines the event to be irreversible, or the participant is lost
to follow-up. The presence and resolution (if applicable) of
adverse events is documented and recorded in the partici-
pant’s regulatory folder.

Data Monitoring and Management

The study team will collect, manage, and perform qual-
ity checks on the data for this study (eg, verification of
REDCap data entries). All data is monitored for timeliness
of submission, completeness, and adherence to protocol
requirements. Monitoring begins at the time of participant
registration and continues during protocol performance and
completion. Potential audits or inspections may be conducted
by representatives designated by the principal investigator
or Dana-Farber/Harvard Cancer Center. REDCap is used for
storing participant outcome data, and the study database is
password-protected and stored on a secure network.

Sample Size Calculation

We designed the study to have a total of 25 complete cases
for the analyses. Considering a possible dropout rate of 15%,
the total accrual goal is 30 participants. This sample size
was determined based on recommendations of sample sizes
between 24 and 50 for pilot studies assessing the feasibil-
ity of exercise interventions and estimating effect sizes for
designing future studies [69-71]. The primary endpoint of
this study is the feasibility of the HIIT exercise intervention.
With the 2:1 allocation, 20 participants are allocated to the
exercise group. We are able to observe an 80% (16/20) or
higher proportion of minutes of intended prescribed exercise
completed with a probability of 80%. The study will be able
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to detect an intervention effect between groups with 80%
power, at a 0.05 2-sided a level, when the effect size (Cohen
d) is 1.25 or higher. Given the exploratory nature of the study,
no adjustment for multiple comparisons will be applied.

Statistical Analysis

To assess feasibility endpoints, the analysis will include all
participants who are assigned to the exercise intervention,
including those who never start the exercise intervention. The
primary analysis population includes all eligible participants
who complete the baseline (week 1) and postintervention
(week 18) assessments. The secondary analysis population
includes eligible participants who complete all assessments
up to Week 34. The primary analysis will potentially
include missing values due to population dropout, and the
all available case analysis method will be used. Multiple
imputations will be used for sensitivity analyses. Analyses
stratified by subpopulation will also be conducted.

To test hypotheses related to the feasibility of a 16-week
virtually supervised HIIT exercise intervention for young
adult survivors of pediatric brain tumors and young adults
with IDH-mutant gliomas (primary objective), the propor-
tion of participants who attend 70% of the total prescribed
number of exercise sessions and complete 70% of the total
prescribed minutes per exercise session will be calculated;
a corresponding 0.95 exact CI will also be calculated. To
test hypotheses related to the intervention effects on change
in cognitive-, physical-, HRQOL-, and psychosocial health—
related outcomes from baseline to week 18 (secondary
objective), within- and between-group comparisons will be
performed on the primary analysis population. Paired tests
will be used to assess within-group differences, and 2-sam-
ple ¢ tests will be used to assess differences between groups
for each outcome; mean difference scores and a correspond-
ing 0.95 CI will be calculated and normalizing transforma-
tions will be applied as needed. Analysis of covariance
(ANCOVA) will also be used to assess mean differences
in each outcome while adjusting for participant baseline
characteristics and clinical covariates. Chi-square tests will
be used for between-group comparison of binary outcomes
(eg, occurrence of adverse events). The magnitude of the
intervention effect on binary outcomes will be summarized
by odds ratio and corresponding 0.95 CI. For each analysis, a
2-sided P value <.05 will be considered statistically signif-
icant. Because this is a pilot study, we will not perform
corrections for multiple comparisons. To test hypotheses
related to the sustainable effects of the intervention and
associations between outcome measures (tertiary objective),
the difference between scores at follow-up (week 34) and
postintervention (week 18) will be assessed in the secon-
dary analysis population. Mean and median difference scores
and corresponding 0.95 CIs will be calculated, and paired ¢
tests will be performed. Wilcoxon signed-rank tests will be
used if model assumptions are violated. Linear mixed-effects
models will be applied to each outcome’s longitudinal data
(week 1, 18, and 34) to explore trends over time and the
association between outcome and baseline characteristics.
Associations between outcome measures will be assessed
using Pearson correlation, or Spearman rank correlation if
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model assumptions are violated. Additional statistics related
to future trial planning will include screening rate, enroll-
ment, eligibility rate, retention rate, and occurrence of adverse
events.

For the exploratory health equity aim, participant
characteristics will be described by self-reported race,
ethnicity, and household material hardship exposure as
compared to US epidemiologic data to evaluate participant
representativeness. Associations will be explored between
self-reported social determinants of health, using house-
hold material hardship as the primary exposure, and study
endpoints, including (1) feasibility measures, (2) baseline and
end-intervention cognitive status, and HRQOL.

Results

This study was funded in October 2022. Baseline data
collection began in February 2024, and 13 participants have
been enrolled as of June 2026. The projected study end date is
December 2026. Data analysis is planned to begin in January
2027. Primary outcomes will be analyzed first, followed by
secondary and tertiary outcomes. Findings will be published
in the fall of 2028 in the order of analysis.

Discussion

Anticipated Findings

The HYPE study advances exercise oncology by evaluating
the feasibility of HIIT in 2 understudied populations and
providing preliminary insights into its impact on cancer-rela-
ted sequelae and exercise sustainability. It is hypothesized
that =80% of young adult survivors of pediatric brain tumors
and young adults with IDH-mutant gliomas assigned to the
exercise group will attend =70% of prescribed HIIT exer-
cise sessions and complete =70% of prescribed minutes per
exercise session. HIIT will also improve cognitive, physical,
HRQOL, and psychosocial health outcomes relative to the
control group and baseline. Additionally, it is hypothesized
that the removal of exercise supervision after the intervention
period will attenuate intervention effects at follow-up and that
poverty exposure will moderate this effect.

Comparison With Prior Work

The safety, tolerability, and efficiency of HIIT position it as
a feasible intervention in young adult survivors of pediatric
brain tumors and young adults with IDH-mutant gliomas.
However, despite these advantages and the increased use of
aerobic exercise to improve cancer-related outcomes, most
exercise oncology interventions to date have used moderate-
intensity continuous training [72]. HIIT may offer a particu-
larly time-efficient alternative, as lower exercise volumes are
needed to achieve greater improvements in cardiovascular
and physical fitness outcomes, including VOymax [73]. This
efficiency is especially important given the physical activity
barriers faced by young adult survivors of pediatric brain
tumors and young adults with IDH-mutant gliomas. Further,
HIIT may also elicit neurophysiological benefits relevant
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to cognition. Compared to moderate-intensity continuous
training, HIIT elicits greater oxygen use [74] and cerebral
oxygenation [75], which may contribute to stronger cogni-
tive effects. Consistent with this possibility, HIIT has been
shown to promote greater cognitive improvements in healthy
young adults [76] and survivors of cancer [77], and higher
aerobic exercise intensity has been associated with structural
brain changes that support efficient cognitive processing [78].
Finally, HIIT is often perceived as more enjoyable than
continuous exercise [79], which may further support physical
activity engagement and feasibility of the HYPE study [80-
82].

Secondary Findings

While the effects of HIIT on cognition in young adult
survivors of pediatric brain tumors and young adults with
IDH-mutant gliomas are currently unknown, HYPE aims to
fill this knowledge gap. Executive function, memory, and
processing speed are sensitive to the benefits of chronic
aerobic HIIT (>8 weeks) in healthy adults [41], and to
aerobic exercise more broadly in both survivors of pedia-
tric brain tumors [27,28] and adults with grade 2/3 gliomas
[31]. Mechanistically, exercise-related improvements likely
reflect neurobiological effects in brain networks that support
these cognitive domains [27-29,83-85]. Given the vulnera-
bility of survivors of pediatric brain tumors to tumor- and
treatment-related brain disruption (eg, tumor location, age
at diagnosis, cranial radiation, and chemotherapy) [12.,86]
and similar therapy-related cognitive risks in young adults
with IDH-mutant gliomas (eg, tumor progression, radia-
tion, and chemotherapy) [9,87,88], it is plausible that HIIT
will produce measurable cognitive improvements in both
populations. Future research should investigate the neurobio-
logical mechanisms that may drive HIIT-cognitive improve-
ment in these populations as well.

HYPE is also the first study to investigate the effects of
HIIT on cardiorespiratory fitness in survivors of pediatric
brain tumors and patients with IDH-mutant gliomas. Like
cognitive impairment, reduced cardiorespiratory fitness is
often due to tumor- and treatment-related effects, such as
endocrine and cardiovascular conditions [89,90]; in young
adult survivors of pediatric brain tumors, levels can resemble
those of adults 60 years and older [14], and lower cardiovas-
cular fitness in patients with IDH-mutant gliomas is associ-
ated with fatigue that interferes with daily functioning [16].
Evidence from adult patients and survivors with cancer shows
that HIIT safely improves cardiorespiratory fitness [42,43],
and aerobic exercise yields similar benefits in survivors of
pediatric brain tumors [91] and young adults with stable grade
2/3 gliomas [92]. Benefits of aerobic exercise also extend
beyond fitness, including improved physical functioning [93],
higher self-reported physical activity, and lower BMI [82].
Accordingly, we expect HIIT to improve physical fitness and
functioning, and related outcomes in young adult survivors
of pediatric brain tumors and young adults with IDH-mutant
gliomas. Additionally, given their high symptom burden
[15,16], routine assessment of cardiorespiratory fitness is
important. The HYPE study is also the first to assess patients’

https://www researchprotocols.org/2026/1/e88718

Cox et al

and survivors’ cardiorespiratory fitness over a 32-week period
(16-week intervention plus 16-week follow-up).

Psychosocial health is a key component of HRQOL
that may also improve with HIIT. Survivors of pediatric
brain tumors report the poorest HRQOL among survivors
of pediatric cancer [94], with 60% not achieving complete
independence in adulthood —a limitation that is in part driven
by reduced aerobic capacity and adaptive physical function-
ing [95]. Cognitive impairment is also associated with poor
social adjustment [96-98] and mediates social outcomes [96]
in these survivors. Young adults with IDH-mutant gliomas
similarly report unmet psychosocial needs [10]. Aerobic
exercise improves psychosocial health in adults with grade
2/3 gliomas [31] and vigorous exercise promotes similar
improvement in adult survivors of childhood cancer [44]. By
reducing anxiety, depression, and stress [99], HIIT may help
counteract emotional effects related to cancer management
and survivorship [45-48].

Tertiary Findings

Equity considerations are integral to the HYPE study.
Poverty and adverse social determinants of health negatively
affect cognitive [100,101] and physical [102] outcomes and
represent modifiable risk factors for late effects of brain
tumors and treatment. Given the risk of cognitive and
physical sequelae in young adult survivors of pediatric brain
tumors and young adults with IDH-mutant gliomas, and the
benefits of exercise, an equity-centered study design (eg,
remote consent, provision of exercise equipment, language
accessibility), and collection of self-reported sociodemo-
graphic and social determinants of health data are necessary
to assess the generalizability and sustainability of the HIIT
intervention.

Strengths and Limitations

The strengths of this study include a 2-arm randomized
controlled design, access to a large patient population, and
the comprehensive measures used to determine feasibility of
the HIIT intervention, its preliminary efficacy to improve
cognitive, physical, HRQOL, and psychosocial health, and
exercise sustainability. Limitations of the study also merit
consideration. First, as a single-center study that operates
within the context of a comprehensive cancer treatment and
research institution, there is the potential for recruitment bias.
We have attempted to mitigate this bias through recruiting
via social media platforms for young adult survivors of
pediatric brain tumors and patients with IDH-mutant gliomas,
and research study advertisement websites, rather than solely
in clinical settings. Of note, study recruitment is slow due
to the rarity of the disease and time commitment. Accrual
will be monitored and the need for future multisite trials
will be assessed. Additionally, participants may already have
an established interest in sports or other physical activities,
which could influence their baseline fitness level. To address
this, physical activity at baseline is captured by an acceler-
ometer over a 7-day period and the health questionnaire,
allowing analyses to account for baseline fitness. In light
of the study’s feasibility aims, the control group was also
not matched for attention exposure to that of the exercise
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group. Future efficacy trials should use equivalent attention
exposures between groups. Finally, given follow-up testing
is limited to participants in the exercise group, sustainability
analyses will exclusively assess within-group change. While
the study cannot establish comparative sustainability with

Cox et al

its efficacy to improve cancer-related sequelae, and explore
exercise sustainability in young adult survivors of pediatric
brain tumors and young adults with IDH-mutant gliomas. The
findings of this pilot feasibility randomized controlled trial
will inform the design of a larger efficacy trial.

the control group, evaluating sustainability of no-exercise is
outside of its scope.

Conclusions

In summary, the HYPE study will evaluate the feasibility of
virtually supervised HIIT, generate preliminary evidence on
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