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Abstract

Background: Adolescents and young adults (AYAS) with cancer are at risk of poor psychosocial outcomes. AYAS grew up
with the internet and digital technology, and mobile Health (mHealth) psychosocial interventions have the potential to overcome
care access barriers.

Objective: Thispilot randomized controlled trial (RCT) aimed to establish the feasibility, acceptability, and preliminary efficacy
of afully automated mobile app version of the Promoting Resilience in Stress Management intervention (mPRISM). Promoting
Resilience in Stress Management is an evidence-based intervention developed in collaboration with AYAs, based on stress and
coping theory, resilience theory, and evidence-based coping strategies. We hypothesized that mPRISM would be feasible,
acceptable, and appropriate.

Methods: Thisisaparalel, 2-arm, single-site pilot RCT with a waitlist control design. The study will recruit 80 AYAs with
cancer from aclinic. Eligible AYAsare aged 12 to 25 years, within 12 months of anew cancer diagnosis, receiving chemotherapy
or radiation therapy, speak, read, or writein English, and are cognitively able to participate in study procedures. Recruitment by
clinical research coordinatorswill occur remotely by phone, video, or text. Participants will be randomized to psychosocial usual
care (UC) aone or UC plus mPRISM for an 8-week intervention period, and will remain unblinded to study condition. Enrolled
participants will complete surveys at baseline before randomization, 8 weeks, and 3-month follow-up. Using a waitlist design,
the UC arm will receive mPRISM upon completion of 3-month follow-up surveys. Thoseinthe UC armwill complete 2 additional
measurement points at immediate posttreatment and 3 months later. The primary outcomes of interest are feasibility, defined as
=>60% enrollment and =70% retention (ie, percentage of participants who completed the study), and “feasibility, acceptability,
and appropriateness’ as defined by cut-off scores =4/5 on 3 brief validated implementation outcome measures (feasibility of
implementation measure, acceptability of intervention measure [AIM], intervention appropriateness measure [IAM]). We will
apply top-box scoring for the implementation measures. Exploratory outcomes of interest include patient-reported health-related
quality of life, resilience, distress, anxiety, depression, pain, and sleep. We will conduct an intention-to-treat analysisto compare
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the outcomes of the mPRISM arm versusthe control arm with covariate-adjusted regression models. We will summarizeindividual
digital usage metrics using descriptive statistics.

Results: Since September 2023, we have enrolled 20 participants and recruitment is ongoing.

Conclusions:  Although our previous work suggests AYAs with cancer are interested in mHealth psychosocial interventions,

such interventions have not yet been sufficiently evaluated or implemented among AYA oncology patients. mPRISM may serve
asapotential mHealth intervention to fill thisgap. In this study, we will test the feasibility, acceptability, and preliminary efficacy

of mPRISM. Thiswork will inform future larger-scale RCTs powered for efficacy outcomes.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2024;13:€57950) doi: 10.2196/57950

Clinical Trials.gov NCT05842902; https://clinicaltrials.gov/study/NCT05842902
DERR1-10.2196/57950
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Introduction

Pediatric adolescents and young adults (AYAS), 12-25 years
old, with cancer experience unique developmental and
psychosocial needs because cancer disrupts typical
developmental experiences and life transitions including the
pursuit of educational and vocational goals and the establishment
of social, personal, and sexual identity [1]. AYAs with cancer
experience poor psychosocial outcomes including social
isolation, behavioral adjustment problems, depression, anxiety,
and stress [2,3]. In addition, quality of life (QoL) and
psychosocial outcomes among AYA cancer survivors are
inferior to their younger pediatric and older adult counterparts
[4]. Such sequel ae are further associated with negative long-term
survivorship outcomes such as low educational attainment,
unemployment, and financia dependence [5]. Elevated
psychological distress in AYA cancer survivors is associated
with medical costs of US $4415 per year [6].

The Promoting Resilience in Stress Management (PRISM)
program is an evidence-based resilience intervention designed
for and in collaboration with AYAs [7-13]. PRISM is a brief,
manualized, evidence-based intervention delivered one-to-one
in person by layperson coaches. PRISM was devel oped based
on iterative research within the AYA and pediatric oncology
population, stress and coping theory, resilience theory, and
evidence-based  cognitive-behavioral and  mindfulness
interventions[7-13]. Previous studies suggest in-person delivery
of PRISM isfeasible and valuable to AYA patients and parents
[11,12]. In arandomized controlled trial (RCT) of AYAs with
cancer, PRISM was associated with improved self-reported
resilience, distress, and health-related quality of life (HRQoL),
with moderate effect sizes [14,15]. However, despite these
promising effects, major barriers limit the dissemination and
reach of in-person interventions such as PRISM, including
geographic proximity, transportation, limited trained personnel,
and treatment costs.

Skills-based psychosocial interventions are increasingly
deployed through maobile Health (mHealth) platforms [16,17]
and show promise in early research in youth with chronic
illnesses [18]. Smartphones have become ubiquitous [19],
irrespective of gender, race and ethnicity, and socioeconomic
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status [20]. Theimplementation of mHealth-based care delivery
hasthe potential to improve accessto evidence-based treatment
and reduce health disparities; for example, 73% of families
living below the poverty line in the United States have one or
more smartphones and digital interventions have been proposed
as a feasible means of disseminating health programs in
homeless populations [21,22]. Thus, mHealth interventions
have the potential to be universally accessible regardless of
geographic, financial, and infrastructure constraints. mHealth
platforms confer the advantages of appeal (self-pacing, instant
availability, anonymity), reach, and cost-effectiveness [23-25].
This may be particularly important for meeting the needs of
AYAS, who grew up in the digital age and are accustomed to
interacting on smartphones and prefer internet-based self-help
[24,26]. Smartphone adoption and internet use have skyrocketed
among younger generations, with 95%-96% of teenagers and
young adultsin the United States owning asmartphone[27,28].
The internet serves as a primary means of physical- and mental
heslth-rel ated information-seeking and communication platforms
for AYAs [26,29]. In addition, AYAs are reluctant to seek
traditional forms of psychotherapy due to social stigma and
discomfort in discussing personal problems and prefer digital
interventions [24-26,30].

Despite the promise of mHealth interventions and the appeal
to AYAs in particular, psychosocial mHealth interventions
focused on improving QoL and psychosocia outcomes have
not been evaluated or implemented among AYA oncology
patients. This paper describes the protocol of an ongoing pilot
RCT of a digitized version of PRISM deployed through a
smartphone app (mobile app Promoting Resilience in Stress
Management [mPRISM]).

Methods

Study Aims

The primary aim of this study is to evaluate the feasibility and
acceptability of a self-guided mHealth resilience intervention
(mPRISM) for AYAs with cancer. mPRISM content is based
on stress and coping theory, resilience theory, and
evidence-based psychosocia interventions. We hypothesize
that mPRISM will befeasible as measured by >60% enrollment
and =70% retention of participants to complete the study; and
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feasible, acceptable, and appropriate as measured by 3 brief
well-established implementation measures (feasibility of
intervention measure [FIM], acceptability of intervention
measure [AIM], and intervention appropriateness measure
[IAM] scores =24/5) [31]. Exploratory aims are to (1) examine
preliminary efficacy assessed by validated patient-reported
outcome measures at posttreatment and 3-month follow-up and
(2) summarize digital usage metrics and engagement patterns
under naturalistic conditions to inform future study design and
to prepare participant instructions on how to use the app.

Lauetd

Trial Design

Thisisaparallel, 2-arm, pilot RCT (Figure 1) [32]. Participants
(N=80) with cancer will be enrolled and randomized to usual
care (UC) or UC plusmPRISM at asinglesite. Using awaitlist
design, mPRISM will be provided to the UC arm at a 3-month
follow-up. Participant randomization to the study arm will occur
after the completion of baseline surveysandinal:1 alocation
ratio. As a waitlist design is being used, it is not possible to
blind participants to the intervention condition [33]. Study
outcomes, however, are completed independently by AYA
participants to minimize bias.

Figure 1. Schedule of al study activities. mPRISM: mobile app Promoting Resilience in Stress Management. T: timepoint.

o B n m on o
Usual care —> Baseline —3 lrcat:-ncm —> 3-month Waitlist crossover
- (n=40) measures follow-up . —
- ﬁ (8 weeks) N

Randomize mPRISM —> Baseline —> % 3 3month mPRISM —3> %% 3 3month

_ treatment N _ treatment )
(n=40) measures (8 wecks) follow-up (n=40) (8 weeks) follow-up

Measurement timepoint (months) 0 2 3 5 8

Participants

AYAsare€dligibleif they are (1) 12-25 years old; (2) within 12
months of diagnosisof new cancer; (3) receiving chemotherapy
or radiation therapy at Seattle Children’s Hospital; (4) speak,
read, or write English; and (5) have no cognitive limitations
that would make participation difficult. We will provide iPads
(Apple Inc) for the duration of the study for those who do not
own adevice.

Exclusion criteria include patient refusal to participate or
parental refusal to participate for patients <18 years of age,
patients who received a diagnosis of malignancy >12 months
ago, patients with relapsed or refractory cancer, patients who
have not received any chemotherapy or radiation therapy as part
of their cancer treatment, cognitively or physically unable to
participate, and previous participation in other PRISM-based
studies. Clinical research coordinators will identify potential
participants and prescreen through clinic rosters and electronic
medical records. Recruitment by clinical research coordinators
will occur remotely by phone, video, or SMS text messaging
(ie, Zoom [Qumu Corp], Microsoft Teams, Webex [Cisco
Systems], Skype [Microsoft Corp], email, SM Stext messaging,
and MyChart message [Epic Systems]).

Intervention Conditions

uc

UC consists of standard nondirected supportive care provided
for all patientsincluding an assigned social worker who provides
ad hoc services (mental health, financial, and housing support)
at the request of the patient or family or medical team throughout
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cancer treatment. The AYA or their medical team can request
referrals to psychology, psychiatry, pain medicine, child life,
chaplaincy, palliative care, and art or music therapy.

Usual Care Plus mPRISM

In addition to UC, participantswill receive accessto mPRISM.
PRISM is a brief, evidence-based resilience coaching
intervention consisting of 4 scripted sessions delivered 1:1 by
layperson coaches with high fidelity [11,14]. Sessions cover 4
core skills that are stress management (deep breathing,
relaxation, and mindfulness techniques), goal setting (setting
goals that are specific, measurable, actionable, and redlistic,
and planning around potential obstaclesand barriers), cognitive
reframing (identifying, challenging, and reframing negative
thoughts), and meaning-making (identifying benefits, purpose,
and meaning from cancer experience). Content from the
in-person PRISM intervention was adapted to a mobile app
(mPRISM), retaining core skills of the PRISM program (stress
management, goal setting, cognitive reframing, and
meaning-making [Figure 2]). Like the in-person PRISM
program, mPRISM was co-designed with AYAs and with
multiple iterations of stakeholder feedback. mPRISM contains
tutorials showcasing audio-visual skills, dynamic skills practice
opportunities, tracking systems of self-logged stress and
resilience meters, aphoto journal to review practiced skills, app
notification reminders, and medialinksto other resources. AYAs
randomized to mPRISM will receive a unique download code
for the app. AYAs randomized to UC will receive a download
code for the app after completion of their 3-month follow-up
surveys. Once they receive access to mPRISM, all participants
are instructed to use the app for 8 weeks.
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Figure 2. Selected examples of skills and practice materials on the mobile app version of Promoting Resilience in Stress Management. PRISM:

Promoting Resilience in Stress Management.

PRISM Sample _ _ Sample home screen (does
App “buttons” Exercise details ’
skill exercise not depict real participant)
] - Managing | “Breathe” | Audio-visual guide to
stress learn and practice “‘square % Casey Semith
breathing” techniques.
Goal- “Set a Log of goals with :4_-ﬂj
setting goal” anticipated steps, o
timelines, pitfalls, and
i New Belief
alternatives. [pu——r——
Cognitive | “Catch Log of recognized and
reframing your “reframed” thoughts.
" I'm grateful for.. eful for...
thoughts tam ke :.:':.
o Meaning- “Find the Log of text or photos in - —
R making positive” response to “I’'m grateful
for...”
an evidence-based practice. Items are rated on a 5-point Likert
Measures

Enrolled AYA participants will complete surveys at baseline
before randomization, posttreatment (at 8 weeks), and 3-month
follow-up (at 20 weeks). All surveys will be completed
electronically by REDCap (Research Electronic Data Capture;
Vanderbilt University) SMS text messaging or email survey
invitation [34,35]. Survey responses will be scored based on
measure scoring guidelines from the measure developers. In a
waitlist design, the UC arm will receive mPRISM upon
completion of the 3-month follow-up surveys to increase
retention and optimize the use of the full sample size for
analysis. Thissecond wave of datacollection for UCwill include
2 additional measurement points at immediate posttreatment
and 3 months later. Measure batteries at each timepoint take
approximately 15-25 minutes to complete.

Data Storage

Data will be stored within a REDCap database on a secure,
internal, HIPAA (Health Insurance Portability and
Accountability Act)-compliant, password-protected Seattle
Children’s server. Electronic consent will be stored in the same
password-protected, secure database using the REDCap
eConsent framework that securely collects, stores, and archives
electronic consent information [34,35]. All electronic accessto
REDCap is encrypted.

Primary Outcomes: Feasibility, Acceptability, and
Appropriateness

Feasihility is defined as =60% enrollment and =70% retention
who complete the study. The FIM, AIM, and |IAM are
well-validated 4-item implementation science measures with
strong reliability and validity [31]. Measures query perceptions
of thefeasihility, acceptability, and appropriateness of adopting

https://www.researchprotocol s.org/2024/1/e57950
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scale from “completely disagree” to “completely agree” and
total scores range from 1 to 5. Higher scores indicate greater
acceptability, appropriateness, and feasibility, respectively.
These 3 measures have been used independently and in
conjunction. Feasibility, acceptability, and appropriateness
cut-off scores are defined as measure scores =4 (on a 5-point
scale).

Secondary and Exploratory Outcomes

Usability

The System Usability Scale (SUS) is awell-validated 10-item
scale to evaluate the perceived usability of digital interventions
with strong reliability and adequate validity [36]. temsarerated

on a5-point Likert scalefor atotal scoreranging from 0to 100,
and scores =70 constitute adequate usability.

Health-Related Quality of Life

The PedsQL (Pediatric Quality of Life Inventory) 4.0 Generic
and 3.0 Cancer Moduleinclude 50 items eval uating the HRQoL
of AYAs with cancer and have strong reliability and validity
[37]. Queries assess physical, emotional, social, and school
well-being, plus cancer-related pain and hurt, nausea, procedural
anxiety, treatment anxiety, worry, cognitive problems, perceived
physical appearance, and communication. Items are rated on a
5-point Likert scale, and wewill usethetotal scale score. Scores
arelinearly transformed to a O to 100 scale, with higher scores
indicating better HRQoL.

Resilience
The Connor-Davidson Resilience Scale (CD-RISC) is a
well-validated and widely used 10-item instrument to measure

inherent resiliency that has demonstrated strong reliability and
validity [38]. Questions revolve around persona
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problem-solving and approaches to adversity. Items are rated
on a5-point Likert scale; scores range from 0 to 40, and higher
scores indicate higher resilience.

Distress

The Kessler Psychological Distress Scale (K6) isa6-item scale
that measuresthe level of psychological distress and has strong
reliability and vaidity [39]. The instrument strongly
discriminates between community cases and noncases of the
DSM-5 (Diagnostic and Satistical Manual of Mental Disorders
[Fifth Edition]) psychiatric disorders such as serious emotional
distress or serious mental illness. Items are rated on a 5-point
Likert scale, scores range from O to 24, and higher scores
indicate higher distress.

Anxiety and Depression

TheHospital Anxiety and Depression Scale (HADS) isa7-item
scale that assesses symptoms of anxiety and depression,
respectively, in patients with serious illness [40]. It has been
validated in AYAs with chronic illness and cancer survivors
and has strong reliability and validity [41,42]. Items are scored
0-3 (subscale range 0-21), with scores >8 categorized as
borderline abnormal, and =11 categorized as abnormal.

Table 1. Proctor’s domains assessed in data analysis plan.

Lauetd

Digital Usage Metrics
Individual backend user datafor mPRISM are collected in red

time using Mixpanel, an event analytics service that tracks user
engagement with mobile apps [43].

Data Analysis

Power

Therole of rigorous pilot studies such asthis study is designed
to determine feasibility [44,45]. Although not powered for
efficacy, we will examine preliminary efficacy data for
meaningful trendsin termsof clinical significance with minimal
clinically important difference (MCID) defined as half the SD
for outcomes [46].

Primary Outcomes

Outcome domains will be assessed with Proctor’s framework
[47] to determine implementation success (Table 1). Penetration
will be assessed by clinic recruitment rates with =60%
enrollment considered feasible. Uptake will be assessed through
retention rates with =70% of participants compl eting the study
considered feasible. We will apply top-box scoring [48] for the
implementation measures, which iswidely used in satisfaction
research. Acceptability, appropriateness, and feasibility will be
considered high if corresponding top-box scores are 80%.

Domain Dataanalysis plan
Penetration Recruitment rate
Uptake Retention rate

Feasibility, acceptability, and appropriateness

Patient outcomes

Top-box scoring of validated implementation measures

Regression models of validated function and symptomatology measures

Secondary and Exploratory Outcomes

Data from all participants who complete baseline surveys will
beincluded in intent-to-treat analyses [49]. Before UC crosses
over to receive mPRISM, the first phase of the study can be
viewed asaparallel 2-armed RCT. Given thefirst phase parallel
group RCT design, wewill first compare posttreatment efficacy
outcomes between mPRISM and UC using 2-sample
independent t tests [50]. We will explore arange of effect sizes
around what is observed in this pilot trial and assume larger
SEs. Exploratory efficacy will be examined using thefirst phase
parallel RCT data with regression models [44,45]. The effect
of assessment time and other unbalanced confounders will be
assessed as covariates in the models [51]. Potential covariates
include age, gender, and diagnosis, which have been shown to
influence psychosocial outcomes[52]. Estimation will be based
on restricted maximum likelihood and significance based on
the Wald t test [53]. With regard to digital usage data, we will
summarizeindividua digital usage metrics (eg, number of usage
sessions and total duration of use) using descriptive statistics
and graphical tools.

Ethical Considerations

All procedures are approved by the Seattle Children’s Hospital
Ingtitutional Review Board (STUDY 00004006). The trial is

https://www.researchprotocol s.org/2024/1/e57950

registered at Clinical Trials.gov (NCT05842902). All participants
will provide informed consent (18-25 years old) or assent with
parental consent (12-17 years old). Study participation is
completely voluntary and participants are allowed to opt out of
the study at any time. Privacy and confidentiality protections
will bein accordance with ingtitutional ethical guidelines. Study
data are collected on secure, internal, HIPAA-compliant
REDCap serversonly accessible to the study team [34,35]. The
collection of identifiable information islimited to that required
to contact participants for study procedures and to report on
sample demographics. Participants consented to use of datafor
study publications and no individually identifiable information
will be reported in study publications. Participants will be
compensated US $25 in electronic gift cards for completing
each survey.

Results

This project was funded in September 2022, and received |IRB
approval in November 2022. We began study enrollment in
September 2023. As of July 2024, we have enrolled 25
participants and recruitment is ongoing. We expect to compl ete
data collection in 2027.

JIMIR Res Protoc 2024 | vol. 13| €57950 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Discussion

Principal Findings

The World Health Organization statesthat digital and mHealth
technol ogies have the potential to revolutionize health care and
improve access to services[54]. mHealth interventions provide
(1) in-the-moment support in patients' day-to-day lives, (2)
have been proven to be cost-effective due to reduced personnel
and infrastructure requirements [55], and (3) have the ability to
reach patients in remote areas and those traditionaly
underserved. Although there are 325,000 health-related apps
available for download as of 2017 and a growth rate of 25%
year-to-year [56], there are no evidence-based psychosocial
mHealth interventions for AYAs with cancer. This pilot RCT
is designed to evaluate the feasibility and acceptability of the
mMPRISM intervention, a skills-based mobile app adapted from
thein-person PRISM program. Thisongoing trial takesacritical
next step in trandating evidence-based interventions to digital
platforms, expanding the reach of evidence-based supportive
careto the vulnerable populations who need them. We anticipate
that mPRISM will be feasible, acceptable, and appropriate.
Exploratory patient-reported outcomeswill inform sample size
for future powered trials. Individual backend user data will
explore patterns of engagement with skills modules. We expect
findings from this pilot trial to inform the testing of mPRISM
in alarger scale multisite hybrid effectiveness-implementation
RCT powered for efficacy outcomes.

Limitations

This study has several anticipated chalenges. Firgt, thisis a
single-site pilot trial, which may limit the generalizability of
findings. However, the strengths of this single-site study are
established relationships with the clinic to ensure project
completion and preliminary datafor future scale-up initiatives.
Second, it is possible that we may have higher attrition rates
and lower adherence, which is common in smartphone-based
mental health interventions [57]. However, members of our
research team have over adecade of experience and background
with digital behavioral health interventionsin research settings
that have demonstrated low attrition and high adherence rates.
We will monitor attrition rates on a monthly basis. If attrition
is>50%, we will increasethelevel of study coordinator contact
to ensure project completion. Thiswill provide information on
potential behavioral nudge strategies to increase engagement
and sustainability. Third, we are primarily using remote
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recruitment methods, which may lead to higher or lower
recruitment rates than expected. Fourth, we do not provide
instructions to participants on how to engage with mPRISM,
although a recommended order of module completion is
available on the home screen based on the in-person version of
theintervention. Digital usage metrics will inform future study
design and the potentia development of more structured
instructions on how best to engage with mPRISM. Fifth,
participants are not blinded to intervention conditions, which
isapotential source of bias. Here, we evaluate the additive value
of mPRISM to UC which is the standard of care al patients
receive. Sixth, thisis afeasibility waitlist control trial design,
which limits our ability to make causal inferences regarding
efficacy. Nonetheless, we will examine exploratory trends of
symptom change. Future larger-scale studies will incorporate
active treatment comparison conditions (eg, another behavioral
health app) and be sufficiently powered for efficacy. In addition,
future studies will test and refine implementation strategiesin
multisite clinical settings and include adaptations for other
languages, cultures, and patient groups.

Conclusions

AYAs with cancer are a vulnerable population with unmet
psychosocial needs. mHealth initiatives have the unique
potential to scale up interventions and overcome structural
barriersand unequal accessto psychosocial treatment. Although
our previous work suggests AYAs with cancer are interested in
mHealth psychosocial interventionsto improve QoL, resilience,
and distress [58,59], such interventions have not yet been
sufficiently evaluated or implemented among AYA oncology
patients. MPRISM may serve asapotentia mHealth intervention
tofill thisgap. Thispilot trial will inform the necessary sample
sizes and power of a future larger multisite hybrid
effectiveness-implementation trial. Future studies will assess
barriers and facilitators to mHealth psychosocial intervention
adoption and maintenance, and strategies to increase and
maintain mobile app engagement. This pilot study and future
studies building on thiswork aim to expand the reach, adoption,
and sustainability of evidence-based mHealth psychosocial
interventions. Sincethe COVID-19 pandemic, digitally deployed
supportive care hasrapidly evolved and accelerated in research
and practice settings [60]. This study has important clinical
implications in the use of mHealth for psychosocia symptom
self-management, exploring the potential integration of digital
toolswith psychosocia standard of care practices, and increasing
access to care for underresourced groups.

Theresearch reported in this publication was supported by the National Cancer Institute at the National Institutes of Health (grant
KO08CA263474). The opinions herein represent those of the authors and not necessarily the funders.

Data Availability

Deidentified human participants’ data from this research study will be banked indefinitely. The data sets generated during and
analyzed during this study are not publicly available due to research involving minors at a single pediatric oncology treatment
center and a geographically specific population but data are avail able from the corresponding author on reasonable request.
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HRQoL: health-related quality of life

IAM: Intervention Appropriateness Measure

K6: Kessler Psychological Distress Scale

MCID: minima clinically important difference
mHealth: mobile health

MPRISM: mobile app Promoting Resilience in Stress Management
PedsQL: Pediatric Quality of Life Inventory

PRISM: Promoting Resiliencein Stress Management
QoL: qudity of life

RCT: randomized controlled trial

REDCap: Research Electronic Data Capture

SUS: System Usability Scale

UC: usua care
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