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Abstract

Background: Adolescents and young adults (AYAs) with cancer demonstrate suboptimal oral chemotherapy adherence,
increasing their risk of cancer relapse. It is unclear how everyday time-varying contextual factors (eg, mood) affect their adherence,
stalling the development of personalized mobile health (mHealth) interventions. Poor engagement is also a challenge across
mHealth trials; an effective adherence intervention must be engaging to promote uptake.

Objective: This protocol aims to determine the temporal associations between daily contextual factors and 6-mercaptopurine
(6-MP) adherence and explore the proximal impact of various engagement strategies on ecological momentary assessment survey
completion.

Methods: At the Children’s Hospital of Philadelphia, AYAs with acute lymphoblastic leukemia or lymphoma who are prescribed
prolonged maintenance chemotherapy that includes daily oral 6-MP are eligible, along with their matched caregivers. Participants
will use an ecological momentary assessment app called ADAPTS (Adherence Assessments and Personalized Timely Support)—a
version of an open-source app that was modified for AYAs with cancer through a user-centered process—and complete surveys
in bursts over 6 months. Theory-informed engagement strategies will be microrandomized to estimate the causal effects on
proximal survey completion.

Results: With funding from the National Cancer Institute and institutional review board approval, of the proposed 30
AYA-caregiver dyads, 60% (18/30) have been enrolled; of the 18 enrolled, 15 (83%) have completed the study so far.

Conclusions: This protocol represents an important first step toward prescreening tailoring variables and engagement components
for a just-in-time adaptive intervention designed to promote both 6-MP adherence and mHealth engagement.

International Registered Report Identifier (IRRID): DERR1-10.2196/32789

(JMIR Res Protoc 2021;10(10):e32789) doi: 10.2196/32789
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Introduction

Background
For patients with acute lymphoblastic leukemia or lymphoma,
durable cancer remission requires a prolonged maintenance
phase characterized by 18-30 months of a regimen that includes
daily oral intake of the chemotherapy agent 6-mercaptopurine
(6-MP) [1,2]. In a trial conducted by the Children’s Oncology
Group, nearly 50% of children and adolescents demonstrated
electronically monitored 6-MP adherence rates below a 95%
critical level for relapse prevention, resulting in a 2.5 times
greater risk for relapse in nonadherent patients [1]. In this study
and others, adolescents and young adults (AYAs) with cancer
demonstrated lower oral chemotherapy adherence than their
younger counterparts [2-6]. AYA treatment adherence is often
at odds with normative developmental goals, such as establishing
autonomy and navigating social pressures, as well as
neurodevelopmental changes that occur during these years (eg,
developing executive functions) [7-9]. Although cross-sectional
studies have begun to identify contextual risk factors for oral
chemotherapy nonadherence, including physical symptoms
[10,11], negative mood [10,12], low motivation [13,14], difficult
family interactions [15-17], and environmental factors (eg, being
outside of the home) [15,17,18], these multifactorial and
dynamic contexts can vary from day to day within individuals
[19]. It remains unclear how these idiosyncratic factors affect
daily 6-MP adherence, complicating the development of
personalized mobile health (mHealth) interventions to deliver
effective, contextualized, and timely adherence support [20-23].
For addressing this gap, this paper describes the protocol for an
app-based ecological momentary assessment (EMA) study of
AYAs with cancer.

EMA involves frequent surveys about behaviors and experiences
in real time, often via SMS text messaging or mobile apps
[24-26], making it a particularly appealing methodology for
native smartphone users such as AYAs. EMA offers several
distinct advantages for advancing adherence science by reducing
recall bias, increasing real-world generalizability, and providing
multilevel data on how adherence behaviors play out over time,
place, and context [27]. In a pilot study, we demonstrated that
implementing daily EMA for 6-MP adherence, across 28 days,
was feasible and acceptable for AYAs with leukemia [28].
AYAs were more likely to miss a dose of 6-MP on weekends
and on days when their adherence motivation and negative affect
were worse relative to their typical functioning. Although these
findings were novel and offered potential decision rules to test
in future trials (eg, deliver a medication reminder on weekends
when AYA may be more prone to forget), they require replication
with a larger sample, over a longer period of time, and including
AYA’s caregivers who are often intricately involved in cancer
medication management (in one study, 73% of caregivers were
responsible for managing these medications) [17].

A challenge with EMA and mHealth tools, in general, is rapidly
declining user engagement [29-32]. All the methodological

advantages of EMA are weakened if participants miss substantial
surveys or stop responding altogether [29]. Moreover, AYAs
with the greatest treatment adherence challenges—who would
stand to benefit the most from an adherence-promotion
intervention—may be the least likely to engage with EMA
[28,33]. Although our pilot study demonstrated relatively high
and stable EMA survey completion rates (mean 88.9%, SD
16.7%), there was substantial variability (range 39.3%-100%),
and users were compensated US $2 for completing all 14 survey
questions per day (up to US $56 total across 28 days) [28].
Financial incentives are an effective method to promote mHealth
engagement in the short term; however, evidence supporting
their long-term efficacy is mixed, and they may not be scalable
in real-world clinical settings [34].

Just-in-time adaptive interventions (JITAIs) use tailoring
variables (eg, information about a participant used to make
decisions, such as perceptions of mood, motivation, and family
interactions) and decision rules (eg, specifying which
intervention to offer and to whom, based on the tailoring
variable) to deliver interventions adapted to the participant’s
internal and external states [35]. At this time, many of the
hypothesized contextual tailoring variables related to 6-MP
adherence (eg, motivation and family functioning) can only be
collected via EMA (rather via sensors). Thus, identifying lower
cost and effective EMA engagement strategies is an essential
prerequisite for the design of clinical trials that optimize
adherence-promotion interventions and even eventual real-world
implementations of strategies identified to be effective.

Various fields, including psychology, human-computer
interaction, and marketing, highlight alternative strategies for
engaging individuals. Engagement strategies may include social
influence tactics (eg, targeting reciprocity by providing a no
strings attached reward to increase the likelihood of later
completing a survey) and operant conditioning behavioral
principles (eg, receiving a desirable reward that reinforces
survey completion) [36]. Rewards may facilitate extrinsic
motivation (eg, completing a survey as it results in something
immediately gratifying, like a funny meme) or intrinsic
motivation (eg, completing a survey as the data will help
someone else) [37]. To date, limited research has focused on
optimizing such engagement strategies in mHealth tools, where
the ultimate goal is to dynamically adapt engagement
components to match the unique characteristics and changing
responses of users [36].

Objectives
In this study, we adopted and refined an open-source EMA app
called SARA [38] for an AYA cancer population (renamed
ADAPTS [Adherence Assessments and Personalized Timely
Support]). Through using this app, our primary study aim is to
determine the temporal associations between daily contextual
factors and 6-MP adherence. We draw on the pediatric
self-management model [39], a social-ecological theoretical
framework of disease self-management and treatment adherence,
focusing primarily on the individual-and family-level contexts
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that could affect day-to-day medication adherence. Specifically,
we hypothesize that daily fluctuations in intrapersonal (eg,
physical symptoms, negative mood, and low motivation) and
interpersonal or environmental (eg, a dyadic AYA-caregiver
disagreement and being outside of the home without caregivers)
factors will increase the odds of missing 6-MP that day. In a
secondary exploratory aim, we will explore the proximal impacts
of theory-informed engagement strategies (reciprocity and
nonmonetary reinforcements) on daily EMA survey completion.
Our approach is consistent with the first step of the Behavior
Change Theories, User-Centered Design, and Social Marketing
framework, a comprehensive model for creating mHealth tools,
which recommends conducting a situational analysis of the
contextual factors associated with a health problem [40], as well
as the preparation phase of the multiphase optimization strategy
[41] comprised of gathering initial information to decide which
set of (engagement) components to include before an
optimization trial. These formative data will ultimately inform
the creation of the first JITAI for improving AYA oral
chemotherapy adherence while running a concurrent JITAI for
promoting EMA engagement. Improving the precision of
adherence-promotion interventions in this manner may
significantly benefit AYAs who require frequent
self-administration of medications, as static interventions have
yielded small and heterogeneous effects [42,43].

Methods

Study Design
This study uses an intensive longitudinal burst design to
periodically deliver EMA surveys over 6 months of maintenance
chemotherapy that includes daily prescribed oral 6-MP to AYAs
with acute lymphoblastic leukemia or lymphoma and their
caregivers. Within the observational EMA study is an embedded
microrandomized trial—an experimental design for optimizing
mHealth interventions [29]—that randomizes engagement

components within person and across EMAs as an early check
on their efficacy before incorporating and piloting in a later
JITAI.

At baseline, the enrolled AYAs and their caregivers will
complete a demographic survey; brief screening measure of
executive functioning; and assessment of COVID-19 exposure,
impact, and distress [44] via REDCap (Research Electronic
Data Capture; Vanderbilt University). Using the ADAPTS app,
each participant will then receive EMA in bursts over the course
of 6 months of maintenance therapy, capturing a time frame
known to be associated with AYA 6-MP nonadherence and
cancer relapse. In month 1 (28 days; ie, burst 1), EMA surveys
will be sent once per day via the app to fully capture contextual
processes during the month between follow-up medical
appointments. To balance participant burden while also ensuring
data are representative, in months 2-6, EMA surveys will be
delivered once per day at the same time (6 PM), for one full
week (2 weeks after the last maintenance appointment to
approximate the midpoint between clinic visits when the AYA
may have decreased adherence; for 35 days total), resulting in
bursts of EMA data collection [45]. Burst designs such as this
have been used to study other AYA health behaviors over a
longer period [46]. Each AYA will receive a MEMS TrackCap
(AARDEX Group), a validated electronic adherence monitor
that was also used in the Children’s Oncology Group study, to
measure daily 6-MP adherence across the entire study period.

EMA surveys are brief (<1 minute to complete) and assess
intrapersonal contexts (eg, individual-level variables, such as
nausea, fatigue, and positive or negative affect) and interpersonal
contexts (eg, family and social environment variables, such as
recent family interaction and location). Enrolled AYAs will
complete 11 daily survey questions, and their caregivers will
complete four survey questions (see Table 1 for a complete list
of survey items).
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Table 1. Ecological momentary assessment (EMA) survey questions.

DescriptionItemsInformantsVariable

Intrapersonal contexts

Three items assessing the intensity of current pain, fatigue,
and nausea on a scale of 0 (not at all) to 4 (extremely);
adapted from two adult oncology EMA studies [47,48]

AYAaPhysical symptoms • How much pain are you currently experienc-
ing?

• How much fatigue are you currently experienc-
ing?

• How much nausea are you currently experienc-
ing?

Two items assessing the degree of positive affect and
negative affect on a scale of 0 (not at all) to 4 (extremely);
adapted from a physical activity EMA study [49,50]

AYA and
caregiver

Positive and nega-
tive effect

• How positive were you feeling (happy or joy-
ful) just before you received this text message?

• How negative were you feeling (stressed, mad
or angry, nervous or anxious, or sad) were you
feeling just before you received this text mes-
sage?

One item assessing motivation to take 6-MP on a scale
of 0 (not motivated) to 4 (extremely motivated); adapted
from EMA study of medication adherence in adults with
HIV [51]

AYAAdherence motiva-
tion

• How motivated are you to take 6-MPb today?

Interpersonal and environmental contexts

Three adapted items from the Hassles Scale for Children
[52] and an EMA study of adolescents with asthma [53],
assessing whether or not the AYA experienced a disagree-
ment or misunderstanding with parents and ease with
communication and loneliness on a scale of 0 (not at all)
to 4 (extremely)

In the past 24 hours, have youAYA and
caregiver

Family or social
stressors • Had a misunderstanding or disagreement with

your parent or child?
• How easy was it to talk to your parent or child

about your thoughts and feelings?
• (AYA only) How lonely are you currently

feeling?

Two items assessing where the AYA was (home, school,
car, outdoors, restaurant, store, someone else’s house,
gym, or someplace else) and who they were with (alone,
mom or dad, sister or sisters, brother or brothers, other
family, friend or friends, classmate or classmates, or
someone else); adapted from EMA studies of diabetes
adherence [54], physical activity [49,50], and asthma
symptoms [53]

AYALocation or social
company

• Where were you right before you received this
survey?

• Who were you with just before you received
this survey?

aAYA: adolescent and young adult.
b6-MP: 6-mercaptopurine.

Setting and Recruitment
We are currently recruiting eligible participants at the Children’s
Hospital of Philadelphia (CHOP) Cancer Center during routine
maintenance chemotherapy outpatient visits. Eligible
participants will be provided with study advertising materials,
including a study flier and a live demonstration of the ADAPTS
app. Considering the COVID-19 pandemic, the protocol also
includes procedures that allow for remote recruitment (eg,
enrollment over the phone with verbal consent).

Inclusion and Exclusion Criteria
This study will include 30 AYAs with leukemia or lymphoma
in the maintenance phase of treatment and 30 of their matched
caregivers. The inclusion criteria for AYAs are as follows: (1)
aged 14-25 years; (2) diagnosed with acute lymphoblastic
leukemia or lymphoma; (3) in the maintenance phase of
treatment and completed at least 1 month of maintenance
chemotherapy with at least 6 months remaining; (4) prescribed
daily oral 6-MP; (5) English language proficiency; and (6)

AYAs aged <18 years must have a caregiver (parent or legal
guardian) to provide informed consent. The exclusion criterion
for AYAs is cognitive impairments that would limit their ability
to complete measures, as determined by their medical team.
The inclusion criteria for caregivers are as follows: (1)
nominated by an AYA as a caregiver involved in oncology care
and (2) lives in the same household as the AYA (given this
study’s focus on family-level processes that could affect 6-MP
adherence).

App Platform and Refinement Process
EMA surveys will be delivered via an open-source app called
ADAPTS. ADAPTS is a modified version of an existing app
called SARA [38]. In the original trial, SARA delivered daily
surveys to AYA at risk for substance abuse for 30 days and
provided a variety of theory-informed and developmentally
relevant engagement strategies. Specifically, in addition to small
amounts of money (US $1 for every 3 consecutive days of daily
self-reporting), SARA provided nonmonetary incentives for
completing surveys that were grounded in operant conditioning
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principles (eg, reinforcing survey completion with funny memes)
and had a user-centered and gamified data collection
environment (ie, an aquarium that became increasingly complex
by unlocking fish as users completed surveys). To promote
reciprocity, SARA also provided an unsolicited reward (an
inspirational celebrity quote) before delivering the EMA survey.
This app demonstrated slightly lower levels of EMA engagement
compared with other substance abuse studies but with much
smaller financial incentives (mean 62.3% surveys completed,
mean 18.1 out of 30 days, SD 9.2; mean US $6.24, SD 3.83;
range, US $1.00-$13.00 money earned). Engagement strategies
were microrandomized to determine whether a particular
strategy (eg, rewarding a meme after a survey was completed)
proximally affected survey completion in the next time window
(eg, the next day). The results provided preliminary support for
the use of a reciprocity strategy in future trials.

Informed by user-centered design and agile science principles
[40,55], our research team iteratively refined SARA for AYAs
with cancer over four stages. First, we convened a
multidisciplinary team of behavioral scientists and technologists
to identify possible app modifications that could improve the
app’s functionality and accommodate differences in this study’s
methods or population. The following app modifications were
made: (1) expanded the app to accommodate this study’s longer
EMA period of 63 days (eg, including progressing the
environment to grow from an aquarium into other levels); (2)
developed a parallel caregiver version; (3) identified and vetted
contemporary engagement content that would be particularly
relevant to AYAs with cancer (ie, new memes and celebrity
quotes); (4) delivered a survey reminder if EMA was not
completed; and (5) incorporated one new engagement
strategy—altruistic thank you messages for completing surveys
(an other-benefitting incentive [37] that targets intrinsic
motivations for helping other AYAs with cancer).

Second, stakeholders, including a convenience AYA sample (4
AYAs with a history of cancer involved in a hospital-based
steering committee and 1 AYA without cancer) and 18 AYA

oncology providers and research staff, rated 66 memes and 100
celebrity quotes identified from social media or web searches
on a 5-point scale (from 1=“Do not like at all, do not recommend
including” to 5=“Really like, use this”), which were narrowed
to the most highly rated (>3.5/6) content (resulting in a final
bank of 31 memes and 72 quotes). Third, we conducted a
1-month internal pilot test with oncology providers and research
staff (n=8) to assess app glitches and elicit further feedback on
the design and features. Research staff observed technical
glitches (eg, surveys not registering when the device was offline
and reminders sent at the wrong times) and provided additional
suggestions for improving the app’s functionality (eg, storing
previously received rewards in a feed like other popular social
media apps). These glitches and suggestions were addressed
before a 1-month pilot with AYAs with cancer (n=10). Finally,
in the pilot with end users, AYAs generally reported high
satisfaction with the app, and a few remaining technical
problems were resolved (eg, malfunction with the survey submit
button).

Study App (ADAPTS)
The finalized version of ADAPTS delivers EMA surveys to the
AYAs and their caregivers, as well as several engagement
strategies (Figure 1). The app is available for both iPhone and
Android users. Surveys are available between 6 PM and
midnight. If the surveys are not completed by 8 PM, participants
will receive a reminder. Automated engagement strategies will
include the following: (1) pre-EMA nonmonetary engagement
strategies (inspirational celebrity quotes and survey reminders;
Multimedia Appendix 1 for a complete list of quotes); (2)
post-EMA nonmonetary rewards (funny memes, altruistic
messages, and a growing virtual environment from an aquarium
to an ocean, tundra, and then a rainforest; Figure 2 and
Multimedia Appendices 2 and 3 for complete lists of memes
and altruistic messages); and (3) post-EMA small monetary
rewards (US $2 for completing surveys on every first day of a
new EMA cycle, then US $1 for every 3-day streak with 100%
completion of surveys).
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Figure 1. Schedule of ecological momentary assessment and engagement features for adolescent and young adult participants. EMA: ecological
momentary assessment.

Figure 2. App environment expansion. ADAPTS: Adherence Assessments and Personalized Timely Support.

Participants can provide feedback on certain engagement content
(ie, celebrity quotes, memes, and altruistic messages) by liking
or disliking each with a thumbs up or thumbs down button.
Previously received engagement content will be stored in a feed.
Each time participants unlock an animal or other content (eg,
snow in the tundra) in the virtual environment (72 total, for

approximately 1 new addition per EMA day), they will receive
a fun fact (eg, “No penguins live in the north pole”; see
Multimedia Appendix 4 for a complete list of animals and facts).
Some content in the virtual environment is interactive, such as
animals jumping when they are touched and turning on and off
snow or rain. Other included app content includes a how this
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app works visual; video tutorials; a contact study staff page to
directly call, text, or email the study coordinator; and survey

completion and app progress bars to provide feedback and show
when the participant will level up (Figure 3).

Figure 3. Other app features: push notifications, education, and reward storage.

Microrandomization
Before the EMA survey being sent, participants will be
randomized every day at 4 PM, with a probability of 0.5, to
receive a push notification with an inspirational celebrity quote
or to receive nothing (Figure 1). Consistent with the original
SARA app, this incentive will be sent before the EMA survey
is available to facilitate reciprocity; that is, to increase the
likelihood that participants will return the favor by completing
the survey when it is later available. After the EMA survey is
completed, participants will be randomized with a 0.33
probability of receiving a funny meme (targeting extrinsic
motivation), an altruistic message (targeting intrinsic
motivation), or nothing. The other engagement strategies (ie,
money and growing virtual environments) will not be
randomized. The caregiver version of the app includes
nonmonetary rewards (same growing virtual environment) and
small monetary rewards (same compensation schedule) but does
not include AYA-focused memes or quotes.

Human Support and Monitoring
In addition to automated engagement strategies integrated within
the app, there are a few prompts that are manually sent by a
member of our study team. First, after completing the first week
of EMA, a standardized SMS text message will be sent to each
AYA or caregiver participant to inquire about app glitches and
provide a reminder to use the electronic pill bottle. Second,
when a participant does not answer surveys for 3 consecutive
days, they will receive an additional standardized SMS text
message offering in-the-moment support for any app glitches
for a maximum of one time during each EMA burst. Third, each

month, a research assistant will meet briefly with families during
monthly clinic visits to remind them of the study, ensure that
the family is refilling MEMS bottles with 6-MP, confirm that
AYAs and caregivers still have access to ADAPTS, provide
financial compensation for their participation in the prior month,
and download adherence data from the prior month as well as
share with the AYA’s primary oncology provider. This level
of human support is similar to our other prior mHealth trials
[31], including the SARA trial.

To monitor for technical glitches, study staff will pull survey
and engagement data each day to review whether (1) participants
completed the survey from the prior day, (2) the money earned
corresponds with the intended payment schedule, (3) the push
notifications were sent and at the right times, and (4) participants
are using the most up-to-date version of the app. Study staff
will also review the list of active study participants and manually
turn surveys on and off depending on their EMA burst cycle.
Any technical issues will be documented in a log and shared
with a technology support team within 24 hours.

Data Management and Security
Raw EMA and app engagement data do not contain Protected
Health Information and will be temporarily stored in an
encrypted form, with a unique study ID, in the ADAPTS app
on the smartphone. When connected to the internet, encrypted
data will be transferred continuously to CHOP’s secure
Enterprise Amazon Web Services S3 data repository, which
supports data redundancy; local EMA data on the smartphone
will be deleted after successful transfer. Data will be backed up
each night to a separate S3 data repository. If a participant does
not connect to the internet, then the data will be temporarily
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stored on their smartphone. The research team also developed
a password-protected study monitoring website on the CHOP
network. The study monitoring website is a tool for quickly
reviewing each participant’s EMA completion rates (depicts
survey completion at the daily and aggregate levels) and money
earned across EMA days. It is also where the RA can turn
surveys on or off.

Primary Outcome
The primary outcome is daily 6-MP adherence, measured using
a validated electronic medication bottle called MEMS TrackCap.
MEMS TrackCaps have two parts: (1) a standard plastic vial
that stores pills and (2) a lid that contains a sensor that registers
times when the vial lid is opened and closed. This method of
electronic adherence monitoring has been validated in pediatric
cancer, has shown consistent accuracy in independent testing,
and was the same measure used in the Children’s Oncology
Group study that established a 95% critical adherence level
needed for relapse prevention [1,56,57]. The accompanying
medAmigo software (AARDEX Group) displays the
timestamped adherence data for each day. Participants will be
instructed to place 6-MP in the MEMS within 24 hours of
enrollment, use the MEMS each day for the full duration of the
6-month study (rather than a pillbox or pharmacy bottle), and
only open the bottle if they are taking 6-MP or refilling the
bottle at that time. For each day, 6-MP adherence will be
classified as 1 (took dose) or 0 (missed dose).

Secondary (Exploratory) Outcome
We will explore whether the microrandomized engagement
content proximally affects EMA survey completion, classified
as 1 (completed survey) or 0 (did not complete survey). For the
celebrity quotes delivered at 4 PM, the proximal outcome is
whether the survey is completed in the evening on the same
day. For the post-EMA rewards (altruistic thank you messages
and memes), the proximal outcome is whether the survey is
completed on the following day.

Primary Data Analyses
This data set will consist of 30 AYA-caregiver dyads×63 days=a
maximum of 1890 daily observations. EMA predictors include
data from AYAs, caregivers, or dyadic data from both reports
(eg, agreement between AYAs and caregivers that they had a
disagreement that day). Tables and graphs will be created to
demonstrate how 6-MP adherence varies by individual (physical
symptoms, mood, and motivation), family (family disagreements
and problems with communication), and social-environmental
factors (time of day, day of the week, month of the year, where
AYAs were, and who they were with). Mixed effects models
will be used through SAS PROC GLIMMIX (SAS Institute) to
examine whether EMA of contextual factors predicted the binary
daily 6-MP adherence outcome. Separate mixed effects models
will be constructed for different predictors and include the
predictor as the fixed effect and a random intercept for each
participant to account for between-person variability. Mixed
effects models may also include demographic and treatment
covariates (eg, race, ethnicity, and time since cancer diagnosis)
as fixed effects if they demonstrated a significant association
with the outcome. We will decompose the between-subject and

within-subject effects of EMA of contextual factors by creating
two predictors from the original score: (1) the individual mean
across all time points (between-subject predictor) and (2) the
deviation of the daily score from the individual mean
(within-subject predictor). Given the embedded engagement
strategies, we expect minimal missing data, and mixed effects
modeling will be able to use all available outcome data and
provide valid inferences if missingness is at random. However,
we will examine the amount and pattern of missing data, and
if missing is suspected to be not at random, sensitivity analyses
will be performed to assess the robustness of the primary
analysis results. Significant findings will inform tailoring
variables for future JITAIs (eg, tailor messages based on affect,
motivation, and day of week).

Exploratory Analyses
We will analyze microrandomized trial data with a
regression-based approach that was specifically developed to
ensure unbiased estimates of the causal effects of time-varying
treatments [58]. These analyses pool time-varying, longitudinal
data across participants and use a log-link function to
accommodate the binary outcome (survey completed vs not
completed). The causal effect is expressed on the risk-ratio scale
that measures the probability of proximally completing an EMA
survey when an engagement strategy is deployed, divided by
the probability of proximally completing an EMA survey when
the engagement strategy was not deployed. To test the effect of
reciprocity, proximal survey completion refers to the current
day. For nonmonetary reinforcements that are delivered after
the EMA survey is completed (memes and altruistic messages),
proximal survey completion refers to the next day. Two separate
analyses will be conducted: (1) examining the main effect of
reciprocity (vs nothing) with the celebrity quote and (2)
examining the main effects of the meme reinforcer versus
altruistic message versus nothing. The risk ratio will be >1 if
offering (vs not offering) the engagement strategy has a causal
effect on the probability of proximal survey completion. These
exploratory analyses will prescreen engagement components
to retain in the JITAIs.

Sample Size and Power
Power calculations were performed using the PASS 2021 [59].
With 63 days of repeated measures and assuming a moderate
within-subject correlation of 0.5, the most effective sample size
for predicting our binary adherence outcome (took dose vs not)
is 59 AYAs [60]. However, our study sample size is constrained
by the available AYAs who meet the inclusion criteria at our
single institution. With our proposed sample size of 30
AYA-caregiver dyads, assuming a two-sided type 1 error of
0.05 and an approximate nonadherence rate of 20% (based on
estimates from prior studies) [28,61], we will have 80% power
to detect an odds ratio of 2.8 (a large effect) for every 1 SD
increase in a continuous predictor [62].

Results

This study received funding from the National Cancer Institute
on September 1, 2019 (K08CA241335), institutional review
board approval at CHOP on September 24, 2019, and began
recruiting in June 2020. To date, of the proposed 30
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AYA-caregiver dyads, 18 (60%) have been enrolled, and 15
(50%) have completed the 6-month study. We expect data
collection to be completed by June 2022.

Discussion

Overview
In response to empirical and clinical data that have demonstrated
suboptimal 6-MP adherence rates among AYAs and increased
cancer relapse risk [1], we designed this app-based EMA study
to identify the states that change rapidly (eg, mood and fatigue)
and proximally affect an AYA’s adherence to taking the
prescribed daily oral 6-MP. As a pervasive threat to mHealth
is declining user engagement, we have incorporated
theory-informed and user-centered engagement features within
the app, and we will explore their proximal relationships with
EMA engagement. Together, these aims represent important
first steps toward translating daily contextual data into
personalized and engaging adherence support. As such, our
protocol is consistent with a paradigm shift toward precision
health [19] and the first stages of the Behavior Change Theories,
User-Centered Design, and Social Marketing and multiphase
optimization strategy intervention development frameworks
[40,41]. Study innovations also include (1) collecting multilevel
EMA data from both AYAs and their caregivers, which is
informed by a social-ecological theory of disease
self-management; (2) obtaining EMA data in bursts over a
longer period, with support from low-cost engagement
strategies; (3) using an open-source EMA app, which is cost
effective and increases the generalizability of methods; and (4)
microrandomizing EMA engagement strategies to explore their
proximal impact on survey completion, helping lay the
groundwork for selecting engagement components for the later
JITAIs.

An optimized JITAI is well suited to address the gaps in prior
adherence-promotion interventions by maximizing engagement,
minimizing burden, and delivering a personalized intervention
only when there is a true benefit [35]. Consistent with the
broader pediatric adherence-promotion literature [42,43], effect
sizes from a few existing and static 6-MP adherence-promotion
interventions are small and possess key limitations (eg,
suboptimal participant engagement in digital health components
and relying on parental supervision of medication taking, which
may not be feasible or acceptable to an AYA population)
[63,64]. Moreover, optimization questions regarding which
intervention option to offer to AYAs and when have been
neglected. The results from this EMA study will serve as an
initial check of the time-varying contexts that are salient for
6-MP adherence, which will help inform the EMA questions
that will be retained and used as tailoring variables in the JITAIs.
Moreover, this study will help prescreen engagement
components that will be further piloted in the intervention.

Future Directions
The next phase of this 6-MP adherence research is to engage
with a multidisciplinary research team (including experts in
behavioral science, mHealth, oncology, AYA development, and
health communications), along with AYA cancer
representatives, to identify an initial set of tailoring variables,

decision rules, and self-management intervention options for
the JITAIs. For example, a tailoring variable may be adherence
motivation, a self-management intervention component may be
goal congruence, and a decision rule may be deliver if
motivation decreases by X points. We will use an intervention
mapping–informed approach [65,66] to ensure that each JITAI
component is grounded in self-management theory and existing
empirical evidence (including results from the present EMA
study). Mobile messages that map onto the tailoring variables,
decision rules, and intervention components will then be created
through an iterative process with the research team and AYA
stakeholders, with members suggesting and revising the content
to be theory grounded, developmentally appropriate, specific
to intervention goals, and at a sixth grade reading level. A
smaller subset of AYAs from the EMA study will be invited to
participate in a focus group to provide feedback on this initial
prototype.

Another future direction is understanding the contexts (eg,
mood, family interactions, and weekends) in which mHealth
engagement strategies are the most effective. Data from this
study and others could inform reinforcement learning algorithms
to increase the probability of providing an engagement strategy
that is the most effective for an individual in a particular context.
It will also be important to build an evidence base to understand
the generalizability of engagement strategies across populations.
For example, it is possible that our population—AYAs who
have recently entered remission for their cancer treatment—may
be more responsive to altruistic reinforcements that remind them
that they are helping other cancer patients, compared with other
AYA groups. To achieve effective adherence to JITAIs, we also
need to develop effective engagement JITAIs to promote the
uptake of adherence-promoting content.

Limitations and Anticipated Challenges
First, although our study focuses on adherence to the most
common oral chemotherapy prescribed to pediatric cancer
patients (6-MP), it is not designed to assess adherence to other
cancer-related medications (eg, prophylactic antibiotics). AYAs
taking 6-MP as maintenance chemotherapy are an exemplar
relatively homogenous disease cohort with known adherence
challenges with which to test new methods of adherence
observation and intervention. However, expansion to other AYA
oncology populations, who have understudied adherence
patterns, will be essential in future studies. Second, our sample
size and power are not optimal to detect small to medium effects.
Although our cancer center is one of the largest pediatric centers
in North America, the age and diagnosis inclusion criteria for
our study are strict (to reduce heterogeneity), which narrows
the available AYA population to recruit. Moreover, our
observation period of 63 days does not capture the full duration
of maintenance chemotherapy in this population (approximately
18 months). Nonetheless, this study nearly doubles the number
of participants and daily observations that were included in our
pilot EMA study [28] and offers an important opportunity to
replicate significant findings. It will be important that a later
JITAI optimization trial include multiple sites to recruit a larger
and more demographically diverse sample of AYAs who are
prescribed 6-MP. Third, engagement content can come in and
out of vogue very quickly for an AYA population (eg, the shelf
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life of popular memes may be short, and high circulation of
popular memes may reduce novelty). We vetted and selected
content that AYAs liked and perceived as rewarding; however,
it is possible that they will become less desirable over time.
Fourth, additional tailoring of engagement strategies is likely
needed because of individual preferences. Finally, there may
be feasibility challenges with an app-based intervention that is
dependent on the completion of EMA surveys.

Conclusions
Together, this study will determine the temporal associations
between daily contextual factors on 6-MP adherence and explore

the proximal impact of various engagement strategies on EMA
survey completion. The execution of this protocol represents
an important first step toward translating daily, contextual data
into personalized and engaging adherence support. Our future
JITAI will combine adaptive strategies to promote treatment
adherence while concurrently adapting engagement strategies
for promoting EMA completion, which may be a generalizable
blueprint for improving the impact and reach of other AYA
mHealth interventions.
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