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A B S T R A C T

Neurofibromatosis Type 1 (NF1) is a genetic disorder presenting with chronic pain symptoms that has limited
treatment options for addressing the pain. The utilization of a mobile application allows for greater reach and
scalability when using empirically valid psychosocial self-management treatments for pain. The iCanCope mo-
bile application has been utilized in several different populations dealing with pain symptoms and has demon-
strated initial effectiveness. To address the need for this population, we have customized the iCanCope mobile
application for the NF1 population and included additional tailored features. We describe the rationale and de-
sign of a pilot randomized control study with a sample of 108 adults with NF1, in which two groups will receive
access to the mobile application, of which one group will be incentivized to engage in the mobile application and
the third group will treatment as usual over the course of 8-week period with a six-week follow-up. Outcomes
will focus on the acceptability of the iCanCope-NF mobile application within the NF1 population and the impact
of pain related activity on psychometric evaluations to determine if the contingency management will impact the
engagement of mobile application, as well as to identify the participants’ experiences in relationship to their
treatment satisfaction and perceived support.

1. Introduction

Neurofibromatosis Type 1 (NF1) is an autosomal dominant genetic
condition affecting 1 in 2500 individuals [1]. Over 50% of individuals
with NF1 report significant pain and discomfort [2,3] which can be as-
sociated with tumors, but is often not localized to a structural lesion,
thus presenting treatment challenges for patients and their medical
caregivers [4,5]. Individuals with NF1 suffering from persistent pain
have multiple potential barriers to obtaining comprehensive pain spe-
cific treatment including: (a) difficulty accessing these services (e.g., no
services available in many geographic areas, long wait times); (b) lim-
ited availability of trained professionals with disease specific knowl-

edge (e.g. physicians, psychologists), particularly in non-urban centers;
and (c) lack of self-management resources [6–10]. Self-management in-
terventions provide individuals with disease-specific knowledge, strate-
gies to manage symptoms such as pain (e.g., cognitive-behavioral thera-
pies; CBT), to promote optimal health outcomes [11].

Cognitive Behavior Therapy (CBT) incorporates training in strate-
gies for managing disease-related symptoms and other stressors, en-
hancing self-efficacy, as well as guidance on developing and imple-
menting a long-term self-management plan [12,13]. A recent meta-
analysis showed that the most successful interventions in improving
pain and associated functional impairments in adults with chronic pain
are rooted in CBT [14]. Moreover, CBT has been demonstrated effective
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across multiple various chronic pain conditions [15–18]. To date, there
has been little peer reviewed research within the NF1 population utiliz-
ing CBT to treat pain symptoms.

Mobile technologies can be applied to enhance the accessibility of
pain self-management therapies [19,20]. Smartphones offer an ideal
platform to prompt practice of coping skills, disease information, and
mindfulness skill in vivo [21]. This technology can be leveraged to
build a tailored self-management program that emphasizes empower-
ment, facilitates the creation and tracking of personalized goals, and of-
fers prompt practice of CBT-based coping skills as needed. Yet, with any
mobile application poor engagement is a common problem which can
limit the effectiveness of intervention [22,23]. One approach to combat
poor engagement and increase patient engagement and retention is
contingency management [24,25]. Contingency management (CM)
arranges systematic application of behavioral consequences of desired
behavior and withholds reinforcement of undesired behaviors [26]. By
using points, levels, prizes or other rewards, and well-established rein-
forcement schedules, individuals are actively engaged [27–29], and CM
can encourage individuals to practice behavioral change in a novel and
entertaining way [30–32], that can be generalized to the person's nat-
ural environment and enhance motivation for change. In evaluating CM
conditions versus non-CM conditions, research has consistently shown
CM conditions to improve adherence/retention, engagement, and com-
pliance [33,34].

The iCanCope mobile (ICC) was developed to meet the need for pain
self-management support among youth with chronic pain by providing
a user-centered, iterative design [35]. The ICC mobile application pro-
vides personalized goal setting to improve pain and function, CBT-
based pain self-management training and rehearsal, and peer-based so-
cial support, while providing key health information and coping skills
to individuals. It has been empirically evaluated for multiple painful
diseases in adolescents and young adults (ages 12–25) [35–38].

1.1. Objectives and specific aims

This project will seek to adapt the ICC mobile application to suit the
needs of adults with pain caused by NF1 through qualitative focus
groups with individuals with NF1 and providers with experience in
NF1. Additionally, the development of a customized contingency man-
agement program will be integrated in the ICC mobile application pro-
viding an empirically validated treatment in which individuals with
NF1 can learn to self-manage their own pain symptoms, while learning
new alternative treatments can provide tremendous potential and posi-
tive change for those living with persistent pain. Therefore, the objec-
tive of this study is to evaluate the feasibility, acceptability and deter-
mine the preliminary efficacy of the iCanCope-NF program for adults
with NF-1 and chronic pain in a pilot randomized control trial (RCT). In
doing so, we will evaluate whether the iCanCope-NF program reduces
pain (pain severity and pain interference) in adults with NF1. We hy-
pothesize that by customizing the CBT and the MBAA in the mobile ap-
plication for adults with NF1, individuals will be motivated to engage
daily, thus acquiring a new set of skills to facilitate their own pain self-
management, therefore pain will decrease. The specific aims are: Spe-
cific Aim 1: To evaluate the acceptability of the iCanCope-NF program.
We define acceptability as (1) rates of accrual and dropout, daily log-
ins, engagement, and outcome measures completed and (2) perceived
acceptability and satisfaction of the intervention; Specific Aim 2: To de-
termine how the iCanCope-NF program compares to the control condi-
tion in impact on pain and pain-related activity limitations, sleep func-
tioning, emotional functioning (depression, anxiety), pain catastrophiz-
ing, self-efficacy, respondent burden (e.g. Physical Functioning, Vital-
ity, Social Functioning, Role-Emotional, and Mental Health), and psy-
chological flexibility between the timeless admission (T1), completion
of the intervention (T2) and follow-up (T3); Specific Aim 3: To deter-

mine if the contingency management will increase the engagement of
the iCanCope-NF program as compared to iCanCope-NF without CM.

1.2. Study design

The current research study will implement a pilot randomized con-
trol trial across the three groups (iCanCope-NF, iCanCope-NF + Contin-
gency Management (CM), Control Group). We will utilize an urn ran-
domization procedure and control for gender. The intervention will last
for 8 weeks with outcomes assessments evaluated at admission (T1),
completion of intervention (T2) and 6-week post-discharge (T3).

The current study was approved by the Yale Human Research Pro-
tection Program and has been registered as a clinical trial at
ClinicalTrials.gov.

1.3. Participant eligibility, recruitment, enrollment and randomization

Patients will be included in the study if they meet the following in-
clusion criteria: (1) adults who are 18 and above with a diagnosis of
NF1; (2) able to read and understand English at 5th grade level; (3) per-
manently reside in the United States and (4) have pain interference ag-
gregate scores of three or more in the last two weeks using the Brief
Pain Inventory-Short Form (BPI-SF) scale. Patients will be excluded if
they: (1) have an undiagnosed case of NF1; (2) have documented major
co-occurring psychiatric disease; (3) have moderate to severe cognitive
deficits using the SCID-5; or (4) have depression assessed using the Pa-
tient Health Questionnaire (PHQ-9) or anxiety assessed using the Gen-
eralized Anxiety Disorder scale (GAD-7) greater than or equal to the ap-
propriate thresholds (10 = mild major depression; 5 = mild severe
anxiety).

Participants will be recruited from two NF advocacy organizations:
NF Network and NF Northeast. Active registrants across both organiza-
tions will be screened by the study investigator's team. Recruitment will
consist of social media posts on the advocacy organization's websites
and mass email request to active registrants. Individuals will be di-
rected to a Qualtrics link to complete initial screening questions and fol-
low-up would be completed by the research team through email. Con-
sent and intake will take place through a secure video conferencing
link. After obtaining consent, participants will be asked to complete
pre-treatment assessments. Following completion of pre-treatment
measures, participants will be randomized to an intervention condition.
Participants within the intervention and control groups will be in-
structed on the procedures to be followed using standardized manuals.

Participants will be randomized to one of the three conditions using
an urn randomization algorithm which modifies ongoing randomiza-
tion probabilities based on prior group composition groups and controls
for other predictive factors. This process greatly reduces experimenter
bias and other internal validity threats to integrity [39]. Gender will be
controlled for to ensure equal representation across the groups within
the urn randomization using stratification.

1.4. Description of study arms

Fig. 1 presents a CONSORT study flow diagram [40]. Potential
participants will be required to access an online secure site to learn
about the study and to be evaluated for eligibility, provide informed
consent, and complete baseline assessments. Eligible participants will
be randomly assigned to one of the 3 conditions: ICC-NF, ICC-
NF + CM, or the attentional control treatment as usual (TAU). Indi-
viduals in the iCanCope groups will receive 8 weeks of 24-h access to
the program.

iCanCope Orientation. At study intake, individuals in the two treat-
ment/intervention condition will receive a 10-min video orientation to
the iCanCope program. The orientation will encourage daily usage of
the CBT treatment platform. Individuals will receive a login and pass-

http://clinicaltrials.gov/
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Fig. 1. CONSORT study flow diagram.

word information, general information and instruction, and contact in-
formation for technical problems.

ICC-NF Group: Individuals assigned to this group will have complete
access to the ICC-NF mobile application for an 8-week time period and
will be asked to check-in daily along with engaging in the different
components of the mobile application. As seen on Fig. 2, there are five
main components of the ICC-NF mobile application (Check-Ins, Pain Ar-
eas, Trends, Goals, and Libraries). Check-ins allow the participant to an-
swer a few short questions about the sleep, pain, mood, and physical ac-
tivity for the day on a Likert scale that can be answered at any part of
the day. The pain area component provides the participant to visually
denote where their pain symptoms occur on an anatomically correct
figure (anterior and posterior), which is segmented across different re-
gions of their body (e.g., foot, hand, forearm). The trends section allows
individuals to visually depict historical check-in data on a line graph
over the course of trial. Within this section individuals can plot several
values at a time (e.g., pain and sleep) and visually inspect the differ-
ences between these values. Participants can establish goals that are de-
signed to support participants in setting and tracking personalized goals
and can modify and adjust preestablished goals, or establish new goals

based on various categories. The libraries section provides empirically
based content to manage chronic pain. Participants have access to over
100 curated articles to learn, manage and live with their NF1. In partic-
ular, sections of libraries provide specific content on diagnoses of NF1,
treatment of NF1 pain, common causes of pain in NF1, and clinical fea-
tures of NF1. Additionally, instruction on shortened yoga stances and
poses to reduce chronic pain along with two videos on mindfulness and
breathing exercises are available.

ICC-NF + CM Group: Participants randomized to this condition will
have complete access to the outlined above ICC-NF mobile application.
However, participants will be incentivized and rewarded for engaging
in the following: 1) Frequency of system use per day (1 point/check-in
up to 10 min, double points beyond 10 min); 2) consecutive days of
completing assessments (5 points for the first, increasing by 2 points for
each day up to a ceiling of 15 points); 3) completion of learning mod-
ules and activities (15 points for previously unassessed modules; 5
points for previously accessed modules); 4) consecutive days of com-
pleting goals (5 points for the first, increasing by 2 points for each day
up to a ceiling of 15 points). Points will be accrued through access to
new sections, daily check-ins, and engagement of the mobile applica-

Fig. 2. Core Features of the iCanCope-NF1 mobile application.
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tion. Based on research, the total amount of money that can be earned
by the patient over the course of the two months is 50 dollars USD.

1.5. Control group: The control group is designed to assess for potential
effects on

Outcomes of time, attention, during the study. In addition to usual
care, participants will be required to complete baseline and follow-up
assessments similar to that of the intervention groups. They will be pro-
vided patient education through information found from national web-
sites regarding pain management, but no self-management strategies or
opportunities for social support will be offered. They will not have ac-
cess to the mobile application during the trial.

1.6. Study monitoring procedures

The mobile application will have a web-accessible dashboard that
will allow us to track adherence. ABSTRACT will track all user-level in-
teractions with the iCanCope app (e.g., articles viewed, check-ins com-
pleted, goals set). All other assessments will be completed on Qualtrics
(www.qualtrics.com), which is a secure survey site. Microsoft Excel or
SQL database administrative tools will be used to download all data for
analysis. Data will be hosted on secure servers that collect and store
data using web-based applications. All connections to the systems are
secured and encrypted and only authorized users will be able to access
the system. The system will track participant progression throughout
the study, and reports will be generated for monitoring progress and ad-
herence. All data collected in the study can be transferred at any point
to the PI or Data Safety and Monitoring Board in the form of electronic
data files using the format predetermined by the PI and the investiga-
tors. At the request of the PI, all data from its systems including the
backups can be erased.

1.7. Measures

In the pilot RCT, we plan to assess a broad range of subject charac-
teristics, acceptability and clinical outcome measures over the course of
the study. (See Table 1). Baseline assessments are designed to ensure
that patients meet eligibility criteria. The remaining assessments will be
categorized by feasibility and clinical measures. Data will be self-
reported and will be collected online and stored as per HIPAA privacy
legislation. All measures have evidence of reliability and validity in
adults in this age range and include target specific measures of NF1
have recommended in previous trials [41,42].

1.8. Retention and adherence

We predict the pilot RCT will require 18 months to complete. The
patient networks that we are recruiting from have over 25,000 adults
across both groups. A conservative estimate of 20% of participants
should be within the appropriate age criterions (∼5000). As we are
seeking to enroll 36 participants/subjects/patients in each group for a
total of 108 for the pilot RCT, we intend to recruit 140 participants to
account for 20% attrition. All participants in each group will receive
25-dollar Amazon gift cards for participating and completing the study,
and participants who are in the ICC-NF + CM group can earn addi-
tional 50-dollars in gift cards based on usage. Participants are encour-
aged to contact the research team if there are any issues with the mobile
application through a specific email. Participants will be reminded of
(T2) and (T3) intervals through secure emails or phone calls.

For those who have access to the mobile application, we have added
more content specific to that of the NF1, along with resources that will
target specific what for the disease. In addition, we have included yoga
poses to help reduce target specific pain points by a world-renown yoga
instructor. Lastly, for those who have been randomized to the ICC-

Table 1
Description of measures.
Measures Description of Measures Time to

Complete
T1 T2 T3

Screening and Background Measures
Patient Health

Questionnaire
(PHQ)

A 9-item self-report scale to evaluate
depression, which scores each of the
nine DSM-V criteria

2–3 min X X X

Generalized
Anxiety
Disorder Scale
(GAD-7)

A 7-item self-report scale used for
screening, diagnosis and severity
assessment of anxiety disorder

2–3 min X X X

Brief Pain
Inventory-Short
Form (BPI-SF)

A 15-item tool that measures pain
intensity and impact on functioning

5 min X X X

Background
Questionnaire

This questionnaire will assess
sociodemographic variables, pain
location, number of surgeries, current
medications and access/use/comfort
with smartphones and internet
technology

5 min X

Feasibility Outcome Measures
iCanCope

Program
Engagement31

App and web usage (e.g., logins,
dropout rates, completion of outcome
measures and activity, etc.) at user and
aggregate level using ABSTRACT.

N/A X

The Treatment
Services
Review (TSR)

A self-report assessment to collect
information on the type and amount of
health and psychosocial services
received outside of the study

5 min X X

A fill-in-the-blank survey will be used
to assess overall satisfaction with the
iCanCope-NF program. Specific items
will assess interest, helpfulness, and
ease of use.

5 min X

Clinical Outcome Measures
Short Form

Survey-20 (SF-
20)

A 20-item self-report scale with 8
subscales on respondent burden
(Physical Functioning, Role-Physical,
Bodily Pain, General Health, Vitality,
Social Functioning, Role-Emotional,
and Mental Health).

5 min X X X

Goal Setting31 Engagement in goal setting will be
tracked on the iCanCope app using the
following parameters: number and
type of goals created, number of goals
tracked, and rate of goal completion.

N/A X

Chronic Pain
Acceptance
Questionnaire-
Revised (CPAQ-
Revised)

20-item scale designed to measure
acceptance of pain. The acceptance of
chronic pain is thought to reduce
unsuccessful attempts to avoid or
control pain and thus focus on
engaging in valued activities and
pursuing meaningful goals.

2–3 min X X X

Psychological
Inflexibility in
Pain Scale
(PIPS)

16-item scale used to assess
psychological inflexibility (i.e.
avoidance, acceptance, fusion, values
orientation, dirty discomfort) in people
with chronic pain.

5 min X X X

Pain
Catastrophizing
Scale (PCS)

13-item self-report scale, help quantify
an individual's pain experience, asking
about how they feel and what they
think about when they are in pain.

2–3 min X X X

Pain Self-Efficacy
Questionnaire
(PSEQ)

10-item scale that requires patients to
take their pain into account when
rating their self-efficacy belief.

2–3 min X X X

NF + CM group, we have added gamification elements such as incen-
tives for completing tasks, goals and check ins.

1.9. Sample size

An a priori power analysis conducted through G*Power (Universität
Kiel, v. 3.1.9.2) estimated a conservative sample size analysis for the
RCT. We are expecting a total of 140 participants, and given the length

http://www.qualtrics.com/
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of the trial, we estimate 20% attrition rate of the final sample, giving us
a total sample of (n = 36) per group, for a final sample size of 108. The
power analysis is based on previously utilized research in which esti-
mated effect sizes ranged from 20 (small effect) to 40 participants per
group (large effect) [43]. We will attempt to enroll equal numbers of
male and female participants to evaluate gender differences through
urn randomization process.

1.10. Data analysis

We will use α < 0.05 but will use appropriate corrections for multi-
ple tests. Statistical analyses will be conducted in collaboration by the
principal investigator and biostatistician using SPSS, and/or SAS, with
consultation from the co-investigators. All variables will be examined
for outliers, skewness/kurtosis, normality, and linearity prior to analy-
ses being conducted. Using logistic regression for categorical and
ANOVA for continuous measures, we will conduct preliminary analyses
of the adequacy of the randomization procedure, the comparability of
baseline measures across conditions, and the possible need for covari-
ates in the analyses of treatment outcome data.

A general linear model of count data (logins, dropout rates, comple-
tion of outcome measures, engagement activity, (e.g., user and aggre-
gate levels) will be used to evaluate the primary first outcome: Can we
identify the acceptability of the iCanCope-NF program? Additionally,
the proportional changes will be evaluated using multiple ANOVAS.
Due to potential missing data assumptions, a Cox regression will evalu-
ate for differences in relationship between pre-and post. For second pri-
mary outcome: what are perceptions regarding intervention acceptabil-
ity and satisfaction. Aggregate values will be summed and standardized
through a (z-score analysis) to ensure equal representation of groups.
Lastly, for the levels of engagement and number of activities tried/TSN
exercises will be examined with linear and non-linear Mixed-effects
Models (LMM) with autoregressive 1 correlation structure (AR1) to test
between conditions, while allowing for intra-participant serial correla-
tion and unequal variance and covariance structure across time.

Secondary analyses will explore three research questions: (1) Does
the smartphone program (iCanCope-NF) compared with the control
condition lead to differences in pain and pain-related activity limita-
tions, sleep functioning, emotional functioning (depression, anxiety),
pain catastrophizing, self-efficacy, knowledge, psychological flexibility
immediately post-treatment (T2)? This will be evaluated by incorporat-
ing an estimating equation approach to understand the differences in
scores and using a sequential multilevel logistic regression models to es-
timate the independent and combined effects of proposed time-varying
(contextual) variables on the probability of pain levels. We will also test
interaction effects between stable/trait-level participant characteristics
and contextual variables. (2) Does the ICC-NF + CM increase the usage
of the ICC-NF program as compared to ICC-NF without CM, and do their
corresponding levels of pain and pain-related activity decrease? This
will be evaluated between the two intervention groups using the differ-
ence in nominal data sets and simple qualitative analyses. (3) Do indi-
viduals with NF1 utilize the MBAA more readily because they are on the
mobile application? To assess the moderation effect, we will include an
interaction term for each separate moderator variable and key predictor
of interest (two-way interaction between moderator and group for
cross-sectional analysis and three-way interaction between moderator,
group and time for longitudinal analysis) in the regression models and
test its significance using Wald t-test.

2. Discussion

There have been only a limited number of clinical trials specifically
focused on pain symptoms for individuals with NF1 [44], and to our
knowledge, none have focused on complimentary alternative ap-
proaches (CAM). The ICC mobile application has been shown initially

effective in children and adolescents with various pain disorders such
as arthritis [45] and chronic pain [35], and this adaptation will extend
the utility and feasibility of the mobile application with the addition of
a novel adult pain disorder. By integrating the iCanCope-NF mobile ap-
plication within future clinical trials, researchers will be able to access
real-time data and understanding of pain symptoms throughout poten-
tial trials, thereby allowing for clearer understanding of antecedent-
and consequence-based reactions to pain symptoms.

A novel integration in conjunction with the ICC mobile application
is connecting to a high-performance analytics platform that supports
CM. While CM is not integrated into ICC, the Abstract analytics plat-
forms enables CM functionality through analyzing ICC server data in
real time to derive engagement behaviors. Integrating contingency
management into the research design allows for several unique contri-
butions: 1) a comparison in engagement, clinical and feasibility out-
comes between participants receiving the ICC-NF application only to
that who receive ICC-NF + CM, 2) An initial understanding if CM in-
creases the use of mind body alternative approaches to reduce pain
severity and interference scores, 3) the long-term effects (2 months) of
using CM within the NF1 population, and 4) integration of a backend
server to provide near-immediate reinforcement to clients when the
task(s) has been accomplished, thus allowing the research team to eval-
uate how the patient(s) progress through the mobile application.

The current protocol will focus on adults with NF1 and emphasize
techniques and strategies for combating chronic pain. An emerging
body of evidence suggests that as individuals with NF1 age and con-
tinue to experience cumulative recurrent chronic pain episodes, central
neurobiological mechanisms may become a key etiology [46]. Thus, in
our customization of the iCanCope-NF mobile application, we at-
tempted to classify the pain episodes in the patient's ability to graphi-
cally denote when the events occurred allowing for visual inspection by
both the individuals suffering from the disease and potentially the par-
ticipant's doctor.

In establishing the specific customizations for an adapted version on
the ICC mobile application not all features and specific formats could be
addressed. For example, adding a community function would allow par-
ticipants to engage in meaningful dialogue with each other (develop-
ment of coping strategies, and build rapport) along with investigators to
target specific concepts of pain and techniques to reduce the pain. Addi-
tionally, the iCanCope-NF was developed specifically for adults with
NF1 and not for adolescents with NF1. Future iterations of the iCan-
Cope-NF mobile application could address these areas, establishing a
community function and developing an ICC iteration solely for adoles-
cents with NF. We anticipate the current study will be largely impactful
to the NF community. This will be the first developed mobile applica-
tion for individuals with NF specifically targeting self-management
techniques to reduce pain caused by NF1 tumors. Additionally, with
COVID restrictions currently in place, the mobile application allows for
treatment strategies to be addressed at the participant's home, while in-
corporating the empirically based treatment of CBT.

3. Conclusions

The current study expects individuals with NF1 utilizing the ICC
program to have decreased pain severity and interference if they regu-
larly engage in the program. In addition, due to the added contingency
management, we expect to see differences between the intervention
groups (ICC–NF and ICC-NF + CM). By adding contingencies in addi-
tion to current ICC processes to increase engagement, the CM grouping
should show more significantly reduce pain intensity and pain interfer-
ence. If we demonstrate initial acceptability and preliminary impact, a
large-scale RCT will be conducted. In future studies, evaluating the sus-
tainability over the course of 12 months will be critical in reducing
chronic pain for individuals with NF1. Thus, following the patients in a
1, 3 and 6-month follow-up post-treatment is necessary, along with ex-
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tension to other forms of NF (e.g., Neurofibromatosis Type 2 and
Schwannamotosis) and adolescents.
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