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Abstract

Background: Home-based (unsupervised) buprenorphine initiation is considered safe and effective, yet many patients report
barriers to successful treatment initiation. Prescription digital therapeutics (PDTs) are software-based disease treatments regulated
by the US Food and Drug Administration (FDA). The reSET-O PDT was authorized by the FDA in 2018 and delivers behavioral
treatment for individuals receiving buprenorphine for opioid use disorder (OUD). A prototype PDT (PEAR-002b) designed for
use with reSET-O was developed to assist in unsupervised buprenorphine initiation.

Objective: The primary objective of this pilot study is to evaluate the acceptability of PEAR-002b in individuals with OUD
who use it to support buprenorphine initiation, their unsupervised buprenorphine initiation success rate, and their medication
adherence.

Methods: Ten adults with OUD will be recruited for acceptability and feasibility testing. Outcomes will be assessed using
week-1 visit attendance, participant interviews and satisfaction surveys, and urine drug screening (UDS). Three tools will be used
in the study: PEAR-002b, reSET-O, and EmbracePlus. PEAR-002b includes a new set of features designed for use with reSET-O.
The mechanism of action for the combined PEAR-002b and reSET-O treatment is a program of medication dosing support during
week 1 of the initiation phase, cognitive behavioral therapy, and contingency management. During the medication initiation
phase, participants are guided through a process to support proper medication use. PEAR-002b advises them when to take their
buprenorphine based on provider inputs (eg, starting dose), self-reported substance use, and self-reported withdrawal symptoms.
This study also administers the EmbracePlus device, a medical-grade smartwatch, to pilot methods for collecting physiologic
data (eg, heart rate and skin conductance) and evaluate the device’s potential for use along with PDTs that are designed to improve
OUD treatment initiation. Home buprenorphine initiation success will be summarized as the proportion of participants attending
the post–buprenorphine initiation visit (week 1) and the proportion of participants who experience buprenorphine initiation–related
adverse events (eg, precipitated withdrawal). Acceptability of PEAR-002b will be evaluated based on individual participants’
ratings of ease of use, satisfaction, perceived helpfulness, and likelihood of recommending PEAR-002b. Medication adherence
will be evaluated by participant self-report data and confirmed by UDS. UDS data will be summarized as the mean of individual
participants’ proportion of total urine samples testing positive for buprenorphine or norbuprenorphine over the 4-week study.

Results: This project was funded in September 2019. As of September 2022, participant enrollment is ongoing.

Conclusions: This is the first study to our knowledge to develop a PDT that assists with unsupervised buprenorphine initiation
with the intent to better support patients and prescribers during this early phase of treatment. This pilot study will assess the
acceptability and utility of a digital therapeutic to assist individuals with OUD with unsupervised buprenorphine initiation.

JMIR Res Protoc 2023 | vol. 12 | e43122 | p. 1https://www.researchprotocols.org/2023/1/e43122
(page number not for citation purposes)

Luderer et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:hilary.luderer@peartherapeutics.com
http://www.w3.org/Style/XSL
http://www.renderx.com/


Trial Registration: ClinicalTrials.gov NCT05412966; https://clinicaltrials.gov/ct2/show/NCT05412966

International Registered Report Identifier (IRRID): PRR1-10.2196/43122

(JMIR Res Protoc 2023;12:e43122) doi: 10.2196/43122

KEYWORDS

buprenorphine; digital therapeutics; opioid use disorder; OUD; prescription digital therapeutic; PDT; reSET-O; unsupervised
buprenorphine initiation; medication adherence; digital health intervention

Introduction

Unprecedented rates of opioid misuse and mortality have led
to the current opioid epidemic in the United States [1], with
approximately 2.5 million people in the United States meeting
the criteria for opioid use disorder (OUD) in 2020 [2]. OUD is
a chronic condition with numerous physical, psychological, and
personal consequences, including a high risk of death, which
has risen in recent years due to the increasing prevalence of
potent synthetic opioids (predominantly fentanyl) [3]. According
to the latest reports, 74,754 adults died from opioid-related
overdoses in the 12 months ending September 2021, representing
a daily average of 205 deaths [1], a 55% increase since
September 2019 [4]. Opioid-related overdoses now account for
75% of fatal overdoses of all substances, up from 70.6% in
2019, with synthetic opioids accounting for 86.6% of
opioid-related deaths [4].

Initiation of evidence-based medications for opioid use disorder
(MOUD), such as buprenorphine, methadone, or naltrexone,
remains limited; in 2020, only 11.2% of those with OUD
received MOUD treatment [2]. One of the key barriers is limited
access to MOUD treatment [2], which is amplified by health
care provider reservations about prescribing buprenorphine for
OUD. Key reasons for this hesitancy include logistical barriers,
perceptions that people with addiction are difficult to treat,
insufficient time and staff support, limited provider and staff
knowledge and training, and lack of a support network of
experienced prescribers [5-8]. Despite the recent removal of the
“X waiver” training requirement, prescribers may still feel they
are not adequately equipped to begin prescribing for the above
reasons [9].

For individuals who do access MOUD, medication adherence
is unsatisfactory, and medication discontinuation rates are high
[10,11]. Buprenorphine discontinuation rates at 6 months range
from 50% to 65%, with most discontinuations occurring within
the first 3 months of treatment, particularly within the first 30
days, which is a crucial phase that includes initiation and
titration of buprenorphine to achieve dose stabilization [10-14].
Evidence from different real-world settings suggests that MOUD
discontinuation is estimated to increase the likelihood of relapse
by roughly 10 times, with relapse being strongly associated with
overdose and death [15-17].

The medication initiation phase for buprenorphine, in particular,
is critical. Patients who have negative experiences initiating
buprenorphine may not continue treatment beyond the first day
of dosing [18]. Successful initiation of buprenorphine requires
the patient to be in mild to moderate withdrawal before they
begin the medication [19]. People’s desire to avoid experiencing

withdrawal symptoms is a primary reason they continue to use
and can be a major barrier to beginning treatment [20].
Buprenorphine initiation is a high-touch process for clinicians
that requires educating the patient on not only the risks and
benefits of buprenorphine, but how the medication works, when
to start treatment, and how to manage emotions like fear and
anxiety that can complicate the process.

Providing an accessible tool that supports both the patient and
clinician by offering education as well as motivational and
skills-based support during this important phase of treatment
could enhance the patient experience and help improve clinician
willingness to prescribe. Unsupervised buprenorphine initiation,
whether supported via telemedicine or traditional in-person
provider interactions, is considered safe and effective and may
be an equitable and accessible way to increase the rate of
successful MOUD initiation [19]. One potential limitation of
unsupervised MOUD initiation is the inability of physicians to
monitor patient biometrics (eg, pulse, blood pressure, and
oxygen saturation levels), which can inform treatment and
dosing decisions. New devices exist to monitor biometrics, but
whether unsupervised buprenorphine initiation protocols could
benefit from data collected by passive biometric monitoring is
unknown.

Another technology that may potentially be leveraged to
improve the MOUD initiation process is prescription digital
therapeutics (PDTs), which are software-based disease
treatments evaluated for safety and effectiveness in randomized
controlled trials and authorized by the US Food and Drug
Administration (FDA). Prescribed by treating physicians and
delivered on mobile devices, PDTs can expand access to
evidence-based behavioral therapies across a variety of disease
states, including OUD.

The reSET-O PDT was authorized by the FDA in 2018 for
patients with OUD being treated with buprenorphine. The PDT
delivers two evidence-based mechanisms of action: (1) an
OUD-specific form of cognitive behavioral therapy (CBT) based
on the community reinforcement approach, delivered as
on-demand lessons and interactive text, video, and audio
exercises and (2) reinforcement and motivation for lesson
completion and abstinence via contingency management (CM),
which involves eligibility for positive reinforcement messages
or monetary digital gift cards. Moreover, there is currently no
FDA-authorized PDT that provides assistance with home
initiation of MOUD. Opportunities thus exist to better support
patients with OUD in the medication initiation phase and to
provide strategies to lower potential barriers to the
implementation of buprenorphine MOUD treatment in clinical
practice.
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Given the importance of buprenorphine adherence and the need
to better support both patients and providers during the initiation
process, we are conducting a pilot study to evaluate PEAR-002b,
an investigational digital therapeutic intended to be used with
reSET-O and designed to support patients during unsupervised
initiation of buprenorphine. The study also includes a wearable
device capable of capturing and transmitting biometric data to
evaluate the feasibility of biomarker development.

Methods

Study Objectives
The objective of this pilot study is to evaluate device
acceptability, home buprenorphine initiation success rate, and
medication adherence rate among participants with OUD who
use the PEAR-002b investigational tool.

Study Design
This will be a qualitative observational cohort study with a
recruitment goal of 10 adults with OUD (inclusion and exclusion
criteria are listed below).

Study Population and Sample Size
The trial will recruit 10 adults diagnosed with OUD. The
investigator will ensure that participants being considered for
the study meet all eligibility criteria (details are provided in the
Study Procedures and Assessments section). No additional
criteria will be applied by the investigator to ensure the study
population will be representative of all eligible participants.
Participants may undergo rescreening with approval of the
medical monitor. Due to the exploratory nature of the study, no
formal sample size calculations are required.

Inclusion Criteria
Study inclusion criteria are as follows: written informed consent
provided prior to the performance of any study-specific
assessments; age ≥18 years; English proficiency sufficient to
meaningfully participate in the consent process, assessment,
and intervention; a Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) diagnosis of OUD made by
a treating clinician; desire to start buprenorphine treatment;
capability of using common software applications on an
internet-enabled mobile device (smartphone or tablet); interest
in testing or using PEAR-002b; no prior history of reSET-O
use; no participation in investigational drug trials within the
past 30 days (or within 5 half-lives of any study drug, whichever
is longer) of enrollment; and a judgment that the subject is
appropriate for participation by the treating clinician.

Exclusion Criteria
Study exclusion criteria are as follows: currently on methadone
or naltrexone pharmacotherapy; currently on buprenorphine
MOUD treatment; planning to move out of the geographic area
within 2 months; insufficient English fluency to participate in
the consent process, intervention, or assessment; inability to
comply with study procedures due to physical or mental
condition; currently receiving inpatient treatment for OUD; and
pregnancy.

Study Setting and Recruitment
The study will be conducted at a single site in the United States.
Participants will be recruited verbally by participating clinicians
and via community advertising.

Study Tools

Overview
Three tools will be used in the study: PEAR-002b, reSET-O,
and EmbracePlus. PEAR-002b is a standalone software app that
includes a new set of features designed for use with the reSET-O
PDT. The mechanism of action for the combined PEAR-002b
and reSET-O treatment is a program of medication dosing
support during week 1 of the buprenorphine initiation phase,
including psychoeducation, CBT, and CM. During the first
week of treatment (ie, the buprenorphine initiation phase)
participants are guided through the medication initiation process
with psychoeducation to support proper medication use and a
self-report withdrawal scale to advise the participant on when
to take their buprenorphine. During the use of reSET-O, which
occurs in weeks 2 to 4, participants are instructed to complete
4 lessons per week. The EmbracePlus device is a medical-grade
smartwatch that will be used to collect physiologic data (eg,
heart rate and skin conductance) from participants who agree
to use the device.

The smartphones loaned to participants in this study include an
installed security feature that blocks downloads of other apps,
potentially limiting their market value and thus reducing the
risk that the phones will not be returned at the conclusion of the
study.

PEAR-002b Summary Description
PEAR-002b includes an algorithm designed to support
buprenorphine dosing and provide associated therapeutic content
related to medication and recovery. Medication dosing
recommendations are based on provider input (eg, starting dose)
and reported recent substance use. A withdrawal symptom scale
based on the Subjective Opiate Withdrawal Scale helps
participants identify when to take their medication and how to
titrate their medication dose to manage withdrawal symptoms.
Development of all features and content was informed by
feedback generated through participant interviews and prototype
testing sessions.

The PEAR-002b content was designed to maximize the efficacy
of buprenorphine treatment by educating participants on the
importance of proper buprenorphine use and adherence in
recovery. Videos and text-based modules address the following
topics: preparing for buprenorphine initiation; recognizing,
coping with, and managing common opioid withdrawal
symptoms prior to buprenorphine initiation; proper initiation
of buprenorphine; techniques for sublingual or buccal dosing
of buprenorphine to maximize absorption and therapeutic drug
levels; how medication adherence supports treatment goals;
misconceptions and stigma pertaining to buprenorphine
treatment; proper storage and security of buprenorphine to
minimize the risk of diversion; and the mechanism of action of
buprenorphine treatment.
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reSET-O Summary Description
PEAR-002b is designed as an optional feature of the reSET-O
PDT, which provides an 84-day course of behavioral treatment
for OUD as an adjunct to standard buprenorphine MOUD
treatment. The reSET-O PDT delivers behavioral therapy
modeled on the Community Reinforcement Approach [21],
which is a specific form of CBT designed for patients with OUD
[22-24]. The PDT provides therapy through a series of 67
interactive lessons delivered via a patient-facing smartphone
app. It also has a web-based dashboard for use by clinicians. A
typical therapy lesson consists of a CBT component and
skill-building exercises. Therapy lesson content is delivered
primarily via written text but may also include videos,
animations, and graphics. It also has an optional function that
patients can use to set medication reminders. The first time a
patient opens the app each day, they are asked to report whether
they have taken their buprenorphine. Patients who report not
taking it are asked to indicate the reasons for nonuse.

Therapy lessons are divided into “core” and “keep learning”
lessons. Core lessons cover key CBT concepts, whereas “keep
learning” lessons include more in-depth information on key
CBT topics covered in the core lessons, as well as additional
topics that may be of interest to patients. Once a core lesson is
completed, patients can unlock the next lesson. “Keep learning”
lessons can be completed in any order and are accessible once
the core lessons are completed.

EmbracePlus Summary Description
EmbracePlus is a device worn on the wrist that collects,
processes, stores, and wirelessly transmits physiologic
parameters to a companion app and monitoring platform. The
device consists of an electronic display, display case, wristband,
and sensors. The device produces 2 types of data: raw data
(high-frequency data recorded by EmbracePlus sensors) and
digital biomarkers (computed from raw data using algorithms).
Biomarkers aggregated by EmbracePlus (1 value per minute)
include pulse rate, pulse rate variability, respiratory rate, blood
oxygen saturation, sleep periods, movement, skin conductance,
temperature, and wearing time. In addition to collecting
physiologic data via its sensors, EmbracePlus enables the user
to tag specific events by pressing a button on the side of the
device. Data collected via EmbracePlus flow through the
Empatica Care app (a participant-facing app that notifies the
participant if action is required and provides a real-time display
of digital biomarkers) to Empatica Cloud (for data storage) and
the Empatica Care Portal (a web app to manage study
participants and monitor digital biomarkers computed by
EmbracePlus).

Ethical Considerations

Conduct of the Study
This study will be conducted in full accordance with all
applicable policies and procedures and all applicable US federal
and state laws and regulations, including the 45 Code of Federal
Regulations 46, and the Health Insurance Portability and
Accountability (HIPAA) Privacy Rule. Any episode of
noncompliance will be documented. The investigator will
perform the study in accordance with this protocol and will

report unexpected problems in accordance with institutional
review board (Advarra IRB Services; approval number
Pro00037072) procedures and all federal requirements.
Collection, recording, and reporting of data will be accurate and
will ensure the privacy, health, and welfare of research
participants during and after the study. All participants will be
required to sign an informed consent document at the screening
visit, prior to the start of any study-specific procedures. The
informed consent document will include an overview of the
study, including a clear description of all study procedures,
potential risks and benefits of participating in the study, and
alternatives to participating in the study. Participants have the
right to withdraw from the study at any time and for any reason,
and all participants are made aware that withdrawal will not
affect their routine care.

Confidentiality
The anonymity of participants will be maintained. Participants
will be identified by their initials and an assigned study number
on electronic case report forms (e-CRFs) and other documents
submitted to the study monitor. No protected health information
will be stored outside of the study clinic, PEAR-002b system,
reSET-O, or the encrypted HIPAA-compliant electronic data
capture platform. Data collected by the PEAR-002b system will
be securely transferred using industry standard encryption to
the PEAR-002b backend services, which use a cloud-based
infrastructure that serves and communicates with the
patient-facing mobile app.

The backend services contain all data and analytics for reSET-O,
PEAR-002b, and its clients (participants and clinicians). All
data stored by the study devices are hosted and stored by
Amazon Web Services (AWS). AWS follows a variety of
internationally recognized security standards, such as the
National Institute of Standards and Technology SP800-53 and
HIPAA. All participant information is automatically encrypted
by AWS when it is entered into the system, allowing for secure
data transfer (from participant device to clinician device) and
storage.

The EmbracePlus and Care apps are compliant with federal
regulations, directives, and international standards for medical
devices. Empatica Cloud is the infrastructure where the data
recorded from EmbracePlus is collected and made accessible
via web interfaces and data repositories. Empatica Cloud is
HIPAA compliant. Participant data collected via EmbracePlus
is securely stored and encrypted within the AWS cloud service.

Participants will be compensated for attending study visits and
completing study assessments as follows (all values in US $):
baseline clinic visit, $50; weekly study visit (n=4), $20; urine
sample (n=5), $10; qualitative interview (n=2), $50; wearable
use, $10 per study visit (n=4). Participants also have the chance
to receive monetary rewards in the form of digital gift cards,
ranging in value from $5 to $100, earned via the use of the CM
functionality of the reSET-O study device.

Study Procedures and Assessments
Prospective participants referred to the study will be screened
for eligibility criteria by a research assistant based on the study
inclusion and exclusion criteria and clinical documentation of
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assessments as needed. Diagnoses of OUD will be made by
treating clinicians following standard clinical protocols at the
study site, based on DSM-5 criteria. Recruited participants will
be given standard screenings in accordance with the assessment
schedule. For the convenience of participants, screening and
baseline visits may be combined. All participants will be
required to sign an informed consent form at the screening visit,
prior to the start of any study procedures. Participants meeting
eligibility criteria will be assigned a subject identification
number during the baseline visit. Study participants will continue
to receive standard treatment for OUD following
prescriber-recommended instructions for medication formulation
and starting dose, as well as clinic visits unrelated to the study
(eg, for medication management or counseling). Standard
treatment will be supplemented with the therapeutic tools
(PEAR-002b and reSET-O).

Participants will be enrolled for 4 weeks to assess the
acceptability and ease of use of the PDT. At baseline, if
participants still meet all inclusion and exclusion criteria, study
staff will provide them with a phone preloaded with the study
apps. Participants will be asked if they also agree to wear the
EmbracePlus smartwatch for the duration of the study, and those
who agree will be provided the device. Study staff will train
willing participants in use of the study apps and the EmbracePlus
device. Additionally, a UDS will be performed, and the Clinical
Opiate Withdrawal Scale (COWS) will be used. One week later,
the participant will return to the clinic and complete a survey
and an interview. Study staff will conduct another UDS,
administer the COWS, and ask about any adverse events (AEs)
or side effects. Following this visit, the participant will return
weekly for a UDS and AE assessment. At week 4, the participant
will return for a UDS and complete a final survey and exit
interview. Primary, secondary, and exploratory objectives and
end points are outlined in Textbox 1.

Textbox 1. Study objectives and end points.

Primary objectives

• To assess the effect of PEAR-002b on home buprenorphine initiation success rates (ie, the proportion of participants attending the
post–buprenorphine initiation visit)

• To evaluate the acceptability of PEAR-002b

• To assess the effect of PEAR-002b on medication adherence rates

Primary end points

• Proportion of participants attending the post–buprenorphine initiation visit and the proportion of participants who experience buprenorphine
initiation–related adverse events (eg, precipitated withdrawal)

• Participants’ ratings of PEAR-002b for ease of use, satisfaction, perceived helpfulness, and the likelihood they would recommend it

• Participant self-report data and confirmation by urine drug screens

Secondary objectives

• To assess dosing and engagement of participants with PEAR-002b

• To evaluate the contingency management reward structure

Secondary end points

• Participants’ use patterns of PEAR-002b, including lesson completion, self-report assessment completion, voluntary use of self-report features,
and response to notifications

• Participant interviews and user satisfaction surveys

Exploratory objectives

• To evaluate the preliminary efficacy of PEAR-002b

• To evaluate compliance with wearing the EmbracePlus device

• To evaluate the feasibility of using digital biomarkers to predict withdrawal, craving, and opioid use

Exploratory end points

• Abstinence from illicit opioids and medication adherence, measured by urine drug screens, and retention in treatment, measured by time to
dropout (if applicable)

• Device wearing time (eg, total hours worn and average percentage of time worn per day) measured by the device

• Prediction power based on physiologic data (eg, heart rate and skin conductance) collected via the device
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Demographics
Demographic information to be collected includes age at time
of consent, sex, gender, race and predominant ethnicity, level
of education, marital status, employment status, income, number
of children, health insurance status, involvement in the criminal
justice system, distance of residence from treatment site (in
miles), and usual method of transportation.

Medical and Medication History
Relevant medical history and current medical conditions will
be collected, including current or prior treatments received for
mental health disorders, hepatitis C, HIV, and chronic pain
syndromes. History of substance use will be collected for the
following categories: opioids, cocaine, stimulants other than
cocaine, alcohol, marijuana, benzodiazepines, and other
substances. Data to be collected regarding each substance
include onset of use, number of years used regularly, amount
used, type used (eg, pill vs powder), route of use, history of
overdose, and longest period of abstinence. History of substance
use treatment will also be collected, including present and prior

treatment, type of treatment facility, number of treatment
episodes, and current recovery activities. Nicotine use history
will also be collected, including type, route, quantity, duration
of use, and prior use. Medication history will include the name,
dose, frequency, start and stop dates of the medication, and the
indication for use. Prior experience with medication for
substance use disorder/OUD will also be recorded.

Evaluation of Phone Use
Study staff will evaluate participants’ comfort level with using
smartphones and navigating through common apps.

Interviews and Surveys
Interviews with participants will be conducted by study staff to
evaluate their experiences with the PDT, particularly its ease
of use and acceptability. Interviews may be performed in person
or remotely via video or phone. These sessions may be recorded
for transcript generation if informed consent is obtained from
the participant, investigator, or both. Participant surveys will
be completed by participants per the assessment schedule. Table
1 shows a schedule of study assessments.

Table 1. Schedule of study assessments.

End of studyMaintenancePost–buprenor-
phine initiation

BaselineProcedure/measure

Week 4 (day 28,
plus or minus 7
days)

Week 3 (day 21,
plus or minus 2
days)

Week 2 (day 14,
plus or minus 2
days)

Week 1 (day 7,
plus or minus 2
days)

Week 0 (day 0)Timepoint

✓Informed consent

✓Inclusion/exclusion

✓Mobile use evaluation

✓Demographics

✓Medical history

✓Medication list/history

✓✓✓✓✓EmbracePlus monitor recording

✓✓✓✓✓Urine drug screen

✓✓✓✓Adverse events and side effects assessments

✓✓✓Clinical Opiate Withdrawal Scale

✓✓Participant survey

✓✓Participant interview

✓✓✓✓Medication list changes

✓✓✓✓Timeline Followback Assessment

✓✓✓✓✓Protocol deviations

Data Management, Study Oversight, and Monitoring
Designated staff from the study sponsor (the study monitor)
will review the e-CRFs entered by study staff for completeness
and accuracy. Authorized study staff will respond to queries
and make any necessary changes to the data. Oversight of data
management, including data collection, storage, and export;
security; tracking; data analysis; and quality assurance will be
the responsibility of the sponsor. The study investigator will
ensure the accuracy, completeness, and timeliness of the data

reported to the sponsor and be responsible for ensuring that all
study staff adhere to human subjects/IRB guidelines related to
data management. Data files will be backed up at regular
intervals and will be accessible only by trained study staff
members.

The study monitor will ensure that the research is conducted
and documented according to the protocol and in accordance
with the guidelines for Good Clinical Practice. Virtual study
monitoring visits will be conducted at appropriate times during
the study per the monitoring plan.
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AE Reporting
The investigator or designee and research site staff are
responsible for the detection, documentation, classification,
reporting, and follow-up of events meeting the definition of an
AE or serious AE (SAE). Spontaneously reported or observed
AEs will be recorded throughout the study beginning at the time
the participant gives informed consent. AEs will be elicited
using a nonleading question at designated time points.
Regardless of seriousness, intensity, or presumed relationship
to PEAR-002b, all AEs will be recorded in the source
documentation from the time of consent until the end of the last
study visit. AEs that occur after screening and prior to
implementation of PEAR-002b will be recorded in the source
documentation under medical history. AEs occurring after
baseline and until the last study visit, known as
treatment-emergent adverse events (TEAEs), will be recorded
in the AE page of the e-CRFs. All measures required for
management of TEAEs will be recorded in the source
documentation. The investigator will be responsible for
informing the IRB and regulatory authorities of SAEs, as
required by local and regional regulations.

Statistical Analysis Methods
This feasibility study is largely exploratory, with several end
points focused on measuring participant satisfaction, attitudes,
and use of the mobile app component of reSET-O and
PEAR-002b. Therefore, many of the statistical analyses will be
descriptive and will involve computing and reporting measures
of central tendency (ie, mean and median) and variability (ie,
variance and standard deviation) for the variables of interest.
These statistics will highlight which aspects of the therapeutic
and the experience are helpful and engaging to participants, and
which aspects are less engaging.

Primary End Points
Home buprenorphine initiation success will be summarized as
the proportion of participants attending the post–buprenorphine
initiation visit (week 1) and the proportion of participants who
experience buprenorphine initiation–related AEs (eg,
precipitated withdrawal). Acceptability of PEAR-002b will be
evaluated based on individual participants’ ratings of ease of
use, satisfaction, perceived helpfulness, and likelihood of
recommending PEAR-002b. Descriptive statistics will be
performed on Likert-scale and multiple-choice items that assess
user satisfaction and attitudes about the app. Analyses will be
conducted on data collected at each assessment point throughout
the study, ratings over the course of the study, and for overall
user satisfaction as measured at the end of the study. Medication
adherence will be evaluated by participant self-report data and
confirmed by UDS (ie, a positive result for buprenorphine and
norbuprenorphine). UDS data will be summarized as means of
individual participants’proportion of total urine samples testing
positive for buprenorphine or norbuprenorphine over the 4-week
study.

Secondary End Points
For dosing and engagement, descriptive statistics will be
calculated for PEAR-002b module completion, assessment
completion (both in the app and clinician delivered), voluntary

use of in-app self-report features, and response to notifications.
For CM rewards, descriptive statistics will be calculated on
Likert-scale and multiple-choice items that assess participant
satisfaction with and ease of use of the CM system and rewards.
Descriptive analyses will examine the frequency of rewards
earned throughout the study. Text analysis of qualitative
responses and transcripts from interviews and focus groups will
be used to identify themes in participant feedback.

Exploratory End Points
Abstinence will be defined by participant self-reports and
confirmed by the absence of opioids (other than buprenorphine)
in the UDS. UDS data will be summarized as means of
individual participants’proportion of total urine samples testing
negative for opioids other than buprenorphine over the 4-week
study. Treatment retention will be measured as time to drop-out
(defined as the last face-to-face contact with a participant) and
analyzed using the Kaplan–Meier method.

Feasibility and acceptability of EmbracePlus will be assessed
by measuring the total hours and percentage of weeks wearing
the device. Week-by-week averages and the total number of
hours across all weeks will be assessed. Acceptability will be
evaluated based on participants’ ratings of ease of use and
satisfaction with EmbracePlus. Descriptive statistics will be
calculated for Likert-scale and multiple-choice items that assess
user satisfaction and attitudes about EmbracePlus. If physiologic
data are sufficient, multiple statistical learning models will be
used to evaluate if these models have sufficient power to predict
withdrawal or opioid use events in advance, levels of cravings,
or both.

Results

Recruitment for this study is currently open and will continue
until the projected sample size is met. A sample size of 10
participants is standard for a feasibility study.

Discussion

PEAR-002b is being evaluated for its potential to support
participants during unsupervised buprenorphine initiation. A
comprehensive analysis of data collected in the first week will
be used to evaluate feasibility and acceptability. Success will
be demonstrated not only by attendance at the week-1 visit, but
by evidence that participants engaged with PEAR-002b during
the medication initiation process and found it acceptable (ie,
helpful and easy to use). If the study is successful, future efforts
may focus on refinement of PEAR-002b and its integration with
reSET-O, in addition to the development of tools to support
provider monitoring of the patient during home medication
initiation. These future efforts may help mitigate inequities that
impact how individuals access and engage with treatment. These
tools may offer standardization and ease of implementation,
ensuring proper clinical-care delivery while lightening the
burden on health care workers. Future directions could also
include providing patients preparing or planning unsupervised
buprenorphine initiation with a list of provider-recommended
over-the-counter medications to mitigate some of the withdrawal
side effects, thereby encouraging patient buy-in and ownership
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of their health care during a process that is often perceived as
uncontrollable.

Data acquired in this pilot study may also inform larger studies
to evaluate the safety and effectiveness of PEAR-002b plus
reSET-O. Together, PEAR-002b and reSET-O may improve
the success rate of unsupervised buprenorphine initiation and
medication adherence rates, which are crucial to an individual’s
success in OUD treatment.

The study may also guide efforts to refine the use of biometric
outputs, such as heart rate and skin conductance, to monitor
physiological symptoms of withdrawal and to provide objective
data that could be incorporated into the dosing algorithm of the
digital therapeutic to more accurately support dose titration.
Biometric data could also be included in a dashboard, which
would enable clinicians to better monitor their patients.
Biometrics may help alert clinicians to patients at risk of
precipitated withdrawal.

This is an early feasibility study, and as such, findings may not
be generalizable due to the small sample size and the lack of a
comparator arm; both of these limitations will be addressed in
a full-scale study, should that be pursued. The simplicity of
PEAR-002b is also a limitation of the study; for instance, it
does not support all sublingual buprenorphine formulations (eg,
Zubsolv), nor does it support all buprenorphine initiation
protocols, as the current version of PEAR-002b is based on
conventional buprenorphine initiation protocols. Due to the
prevalence of potent synthetic opioids such as fentanyl in the
illicit drug supply, conventional buprenorphine initiation
protocols have become less predictable, with an increased risk
of precipitated withdrawal, necessitating the development of
alternative methods, such as low-dose buprenorphine initiation
[25]. In order to create a more flexible and potentially scalable
digital therapeutic, future development efforts may focus on
incorporating a broader range of buprenorphine initiation
protocols, including low-dose initiation, along with a dashboard
that enables the prescriber to select the type of protocol,
buprenorphine formulation, and starting dose.

Acknowledgments
Editorial assistance on the writing of this paper was provided by Stephen Braun, medical editor at Pear Therapeutics (US), Inc.
The authors would like to thank Carol Achtmeyer for informing the development of PEAR-002b, advising on the study design,
and providing editorial assistance with this manuscript. This study was funded by Pear Therapeutics (US), Inc. and the National
Institute on Drug Abuse of the National Institutes of Health (award number R44DA049493). The content is solely the responsibility
of the authors and does not necessarily represent the official views of the National Institutes of Health.

Data Availability
Requests for data required to support the protocol will be evaluated by the sponsor and provided if deemed appropriate. All
study-related information will be regarded as confidential.

Authors' Contributions
HL and NE conceived the study concept and design. HL, NE, RG, SM, XX, CK, CC, YM, and JG contributed to the study design.
RG and XX are the biostatisticians for the study. All authors reviewed drafts of the manuscript and contributed comments based
on their review.

Conflicts of Interest
HL, RG, SM, XX, YM, and SB are consultants or employees of Pear Therapeutics (US), Inc. NE was an employee of Pear
Therapeutics (US), Inc at the time this manuscript was written. Pear Therapeutics Inc provided digital therapeutic prescriptions
at no cost to Kaiser Permanente Washington during a quality improvement pilot study that was led by JG. JG is a coinvestigator
on a grant proposal awarded to Pear Therapeutics Inc by the National Institute on Drug Abuse, which evaluates potential
improvements to reSET-O (R44DA042652). Pear Therapeutics does not provide funding to JG.

References

1. Increse in fatal drug overdoses across the United States driven by synthetic opioids before and during the COVID-19
pandemic. Centers for Disease Control and Prevention. URL: https://emergency.cdc.gov/han/2020/han00438.asp [accessed
2022-12-14]

2. Key substance use and mental health indicators in the United States: Results from the 2020 National Survey on Drug Use
and Health. Substance Abuse and Mental Health Services Administration. URL: https://www.samhsa.gov/data/sites/default/
files/reports/rpt35319/2020NSDUHFFR1PDFW102121.pdf [accessed 2022-12-15]

3. Spencer M, Warner M, Bastian B, Trinidad JP, Hedegaard H. Drug overdose deaths involving fentanyl, 2011-2016. Natl
Vital Stat Rep 2019 Mar;68(3):1-19 [FREE Full text] [Medline: 31112123]

4. Vital statistics rapid release: provisional drug overdose death counts. Centers for Disease Control and Prevention. URL:
https://www.cdc.gov/nchs/nvss/vsrr/drug-overdose-data.htm [accessed 2022-12-15]

JMIR Res Protoc 2023 | vol. 12 | e43122 | p. 8https://www.researchprotocols.org/2023/1/e43122
(page number not for citation purposes)

Luderer et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://emergency.cdc.gov/han/2020/han00438.asp
https://www.samhsa.gov/data/sites/default/files/reports/rpt35319/2020NSDUHFFR1PDFW102121.pdf
https://www.samhsa.gov/data/sites/default/files/reports/rpt35319/2020NSDUHFFR1PDFW102121.pdf
http://www.cdc.gov/nchs/data/nvsr/nvsr68/nvsr68_03-508.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31112123&dopt=Abstract
https://www.cdc.gov/nchs/nvss/vsrr/drug-overdose-data.htm
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Lanham HJ, Papac J, Olmos DI, Heydemann EL, Simonetti N, Schmidt S, et al. Survey of barriers and facilitators to
prescribing buprenorphine and clinician perceptions on the Drug Addiction Treatment Act of 2000 waiver. JAMA Netw
Open 2022 May 02;5(5):e2212419 [FREE Full text] [doi: 10.1001/jamanetworkopen.2022.12419] [Medline: 35552721]

6. Haffajee RL, Andraka-Christou B, Attermann J, Cupito A, Buche J, Beck AJ. A mixed-method comparison of
physician-reported beliefs about and barriers to treatment with medications for opioid use disorder. Subst Abuse Treat Prev
Policy 2020 Sep 14;15(1):69 [FREE Full text] [doi: 10.1186/s13011-020-00312-3] [Medline: 32928272]

7. DeFlavio J, Rolin S, Nordstrom B, Kazal LA. Analysis of barriers to adoption of buprenorphine maintenance therapy by
family physicians. Rural Remote Health 2015;15:3019 [FREE Full text] [doi: 10.22605/rrh3019] [Medline: 25651434]

8. Mackey K, Veazie S, Anderson J, Bourne D, Peterson K. Barriers and facilitators to the use of medications for opioid use
disorder: a rapid review. J Gen Intern Med 2020 Dec;35(Suppl 3):954-963 [FREE Full text] [doi:
10.1007/s11606-020-06257-4] [Medline: 33145687]

9. Lai B, Croghan I, Ebbert JO. Buprenorphine waiver attitudes among primary care providers. J Prim Care Community Health
2022;13:21501319221112272 [FREE Full text] [doi: 10.1177/21501319221112272] [Medline: 35822763]

10. Hser Y, Saxon AJ, Huang D, Hasson A, Thomas C, Hillhouse M, et al. Treatment retention among patients randomized to
buprenorphine/naloxone compared to methadone in a multi-site trial. Addiction 2014 Jan;109(1):79-87 [FREE Full text]
[doi: 10.1111/add.12333] [Medline: 23961726]

11. Soeffing JM, Martin LD, Fingerhood MI, Jasinski DR, Rastegar DA. Buprenorphine maintenance treatment in a primary
care setting: outcomes at 1 year. J Subst Abuse Treat 2009 Dec;37(4):426-430. [doi: 10.1016/j.jsat.2009.05.003] [Medline:
19553061]

12. Jennings LK, Lane S, McCauley J, Moreland A, Hartwell K, Haynes L, et al. Retention in treatment after emergency
department-initiated buprenorphine. J Emerg Med 2021 Sep;61(3):211-221 [FREE Full text] [doi:
10.1016/j.jemermed.2021.04.007] [Medline: 34176686]

13. Stein MD, Cioe P, Friedmann PD. Buprenorphine retention in primary care. J Gen Intern Med 2005 Nov;20(11):1038-1041
[FREE Full text] [doi: 10.1111/j.1525-1497.2005.0228.x] [Medline: 16307630]

14. Jakubowski A, Lu T, DiRenno F, Jadow B, Giovanniello A, Nahvi S, et al. Same-day vs. delayed buprenorphine prescribing
and patient retention in an office-based buprenorphine treatment program. J Subst Abuse Treat 2020 Dec;119:108140
[FREE Full text] [doi: 10.1016/j.jsat.2020.108140] [Medline: 33138925]

15. Ruetsch C, Tkacz J, Nadipelli VR, Brady BL, Ronquest N, Un H, et al. Heterogeneity of nonadherent buprenorphine
patients: subgroup characteristics and outcomes. Am J Manag Care 2017 Jun 01;23(6):e172-e179 [FREE Full text] [Medline:
28817294]

16. Ronquest N, Willson T, Montejano L, Nadipelli V, Wollschlaeger B. Relationship between buprenorphine adherence and
relapse, health care utilization and costs in privately and publicly insured patients with opioid use disorder. Subst Abuse
Rehabil 2018;9:59-78 [FREE Full text] [doi: 10.2147/SAR.S150253] [Medline: 30310349]

17. Williams AR, Samples H, Crystal S, Olfson M. Acute care, prescription opioid use, and overdose following discontinuation
of long-term buprenorphine treatment for opioid use disorder. Am J Psychiatry 2020 Feb 01;177(2):117-124 [FREE Full
text] [doi: 10.1176/appi.ajp.2019.19060612] [Medline: 31786933]

18. Teruya C, Schwartz RP, Mitchell SG, Hasson AL, Thomas C, Buoncristiani SH, et al. Patient perspectives on
buprenorphine/naloxone: a qualitative study of retention during the starting treatment with agonist replacement therapies
(START) study. J Psychoactive Drugs 2014;46(5):412-426 [FREE Full text] [doi: 10.1080/02791072.2014.921743] [Medline:
25364994]

19. Cunningham C, Edlund M, Fishman M, Gordon A, Jones H, Langleben D, et al. The ASAM National Practice Guideline
for the Treatment of Opioid Use Disorder: 2020 focused update. J Addict Med 2020;14(2S Suppl 1):1-91. [doi:
10.1097/ADM.0000000000000633] [Medline: 32511106]

20. Pergolizzi JV, Raffa RB, Rosenblatt MH. Opioid withdrawal symptoms, a consequence of chronic opioid use and opioid
use disorder: Current understanding and approaches to management. J Clin Pharm Ther 2020 Oct;45(5):892-903. [doi:
10.1111/jcpt.13114] [Medline: 31986228]

21. Bickel WK, Marsch LA, Buchhalter AR, Badger GJ. Computerized behavior therapy for opioid-dependent outpatients: a
randomized controlled trial. Exp Clin Psychopharmacol 2008 Apr;16(2):132-143 [FREE Full text] [doi:
10.1037/1064-1297.16.2.132] [Medline: 18489017]

22. Stitzer M, Petry N. Contingency management for treatment of substance abuse. Annu Rev Clin Psychol 2006;2:411-434.
[doi: 10.1146/annurev.clinpsy.2.022305.095219] [Medline: 17716077]

23. Walter K, Petry N. Motivation and contingency management treatments for substance use disorders. Curr Top Behav
Neurosci 2016;27:569-581. [doi: 10.1007/7854_2015_374] [Medline: 25762429]

24. Schottenfeld RS, Chawarski MC, Pakes JR, Pantalon MV, Carroll KM, Kosten TR. Methadone versus buprenorphine with
contingency management or performance feedback for cocaine and opioid dependence. Am J Psychiatry 2005
Feb;162(2):340-349. [doi: 10.1176/appi.ajp.162.2.340] [Medline: 15677600]

25. Cohen S, Weimer M, Levander X, Peckham AM, Tetrault JM, Morford KL. Low dose initiation of buprenorphine: a
narrative review and practical approach. J Addict Med 2022;16(4):399-406. [doi: 10.1097/ADM.0000000000000945]
[Medline: 34954746]

JMIR Res Protoc 2023 | vol. 12 | e43122 | p. 9https://www.researchprotocols.org/2023/1/e43122
(page number not for citation purposes)

Luderer et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/35552721
http://dx.doi.org/10.1001/jamanetworkopen.2022.12419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35552721&dopt=Abstract
https://substanceabusepolicy.biomedcentral.com/articles/10.1186/s13011-020-00312-3
http://dx.doi.org/10.1186/s13011-020-00312-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32928272&dopt=Abstract
https://www.rrh.org.au/articles/subviewnew.asp?ArticleID=3019
http://dx.doi.org/10.22605/rrh3019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25651434&dopt=Abstract
https://europepmc.org/abstract/MED/33145687
http://dx.doi.org/10.1007/s11606-020-06257-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33145687&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/21501319221112272?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/21501319221112272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35822763&dopt=Abstract
https://europepmc.org/abstract/MED/23961726
http://dx.doi.org/10.1111/add.12333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23961726&dopt=Abstract
http://dx.doi.org/10.1016/j.jsat.2009.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19553061&dopt=Abstract
https://europepmc.org/abstract/MED/34176686
http://dx.doi.org/10.1016/j.jemermed.2021.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34176686&dopt=Abstract
https://europepmc.org/abstract/MED/16307630
http://dx.doi.org/10.1111/j.1525-1497.2005.0228.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16307630&dopt=Abstract
https://europepmc.org/abstract/MED/33138925
http://dx.doi.org/10.1016/j.jsat.2020.108140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33138925&dopt=Abstract
https://www.ajmc.com/pubMed.php?pii=87126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28817294&dopt=Abstract
https://europepmc.org/abstract/MED/30310349
http://dx.doi.org/10.2147/SAR.S150253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30310349&dopt=Abstract
https://europepmc.org/abstract/MED/31786933
https://europepmc.org/abstract/MED/31786933
http://dx.doi.org/10.1176/appi.ajp.2019.19060612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31786933&dopt=Abstract
https://europepmc.org/abstract/MED/25364994
http://dx.doi.org/10.1080/02791072.2014.921743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25364994&dopt=Abstract
http://dx.doi.org/10.1097/ADM.0000000000000633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32511106&dopt=Abstract
http://dx.doi.org/10.1111/jcpt.13114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31986228&dopt=Abstract
https://europepmc.org/abstract/MED/18489017
http://dx.doi.org/10.1037/1064-1297.16.2.132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18489017&dopt=Abstract
http://dx.doi.org/10.1146/annurev.clinpsy.2.022305.095219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17716077&dopt=Abstract
http://dx.doi.org/10.1007/7854_2015_374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25762429&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.162.2.340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15677600&dopt=Abstract
http://dx.doi.org/10.1097/ADM.0000000000000945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34954746&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
AE: adverse events
AWS: Amazon Web Services
CBT: cognitive behavioral therapy
CM: contingency management
COWS: Clinical Opiate Withdrawal Scale
DSM-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
e-CRF: electronic case report form
FDA: Food and Drug Administration
HIPAA: Health Insurance Portability and Accountability
IRB: institutional review board
MOUD: medication for opioid use disorder
OUD: opioid use disorder
PDT: prescription digital therapeutic
SAE: serious adverse event
TEAE: treatment-emergent adverse event
UDS: urine drug screen
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