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Abstract

Background—Over 12,000 children are diagnosed with cancer every year in the United States.
In addition to symptoms associated with their disease, children undergoing chemotherapy
frequently experience significant pain, which is unfortunately often undertreated. The field of m-
Health offers an innovative avenue for pain assessment and intervention in the home setting. The
current study describes the development and initial evaluation of a tablet-based program, Pain
Buddy, aimed to enhance pain management and foster improved quality of life in children ages 8-
18 years undergoing cancer treatment.

Methods—An animated avatar-based tablet application was developed using state-of-the-art
software. Key aspects of Pain Buddy include daily pain and symptom diaries completed by
children, remote monitoring of symptoms by uploading patient’s data through internet to a cloud
server, cognitive and behavioral skills training, interactive three-dimensional avatars that guide
children through the program, and an incentive system to motivate engagement. Twelve children
between the ages of 8 and 18 participated in a pilot study of Pain Buddy.

Results—Children were highly satisfied with the program. Pain and appetite disturbances were
most frequently endorsed. Symptom trigger alerts to outside providers were largely related to
clinically significant pain. Children infrequently used analgesics, and reported using some non-
pharmacological pain management strategies.

"Correspondence to: CHOC Children’s Hospital, 505 S. Main St., Suite 940, Orange, CA 92868, USA. mfortier@uci.edu (M.A.
Fortier).
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Conclusion—Pain Buddy appears to be a promising tool to improve pain and symptom
management in children undergoing cancer treatment. Results from the current study will inform
future improvements to Pain Buddy, in preparation for a randomized controlled trial to assess the
efficacy of this innovative treatment.

Keywords

Pediatric cancer; Cancer pain; Symptom management; Quality of life; Health information
technology

1. Introduction

Over 12,000 children are diagnosed with cancer every year in the United States [1], and
existing research indicates that the majority of these children experience troubling symptoms
that include pain, fatigue, and nausea [2]. Unfortunately, children with cancer not only suffer
from distressing symptoms related to the disease process, but also suffer from symptoms
related to the treatment for the disease. Indeed, given the aggressive protocols children being
treated with chemotherapy go through, they often experience painful conditions such as
mucositis and peripheral neuropathy [3]. Uncontrolled pain not only has significant negative
psychosocial effects, but also modulates the physiological pain response, resulting in
sensitization and potentially deleterious effects on physiological and immune function [4].
Unrelieved symptoms related to either cancer or chemotherapy also lead to poorer quality of
life, including increased distress [2]. Unfortunately, evidence suggests that cancer pain and
symptoms are undertreated in most children [3,5-9], and there are few controlled studies in
this area.

Although parents and children who suffer from cancer report that pain is a significant
concern, pain assessment throughout cancer treatment is not performed systematically
[3,10-12] and without accurate data, physicians are unable to intervene appropriately.
Additional barriers to treatment of pain in children with cancer include misunderstanding of
use of analgesia in children (i.e., fears of addiction) and lack of understanding of pain
expression in children [10,12,13]. This is particularly relevant to management of symptoms
in the home setting by parents, who have been shown to significantly under treat children’s
pain [3,14]. Unfortunately, there is an extreme dearth of research into children’s cancer
symptom management, particularly with regard to effective pain interventions. Moreover
psychosocial interventions, particularly skills-based training, are effective for cancer pain
and symptoms for adults and children [15,16], yet are not easily accessible by patients.

Recently there has been a national push toward involving information technology in health
care, such as electronic medical records, personal health records, and real-time decision-
support systems [17-19]. The growth in pervasive computing and wearable technology has
led to the field of m-Health, defined as “mabile computing, medical sensor, and
communications technologies for health-care” [20,21]. Accordingly, there is a growing
literature of the impact of m-Health technologies, particularly involving the management of
pain. Indeed, there is empirical evidence that the use of computer-based decision-support
positively impacts management of chronic pain in adults [22] and can lead to significant
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improvements in overall clinical care [22—25]. Real-time pain assessment and decision-
support guiding treatment implemented via mobile technology (e.g., smartphones, tablets)
provides two innovative, key pathways to the translation of pain management guidelines to
practice for cancer patients. First, the ability to communicate with children and families
electronically (e.g., web-based assessment and intervention, text messaging, email
notifications) is a simple, efficient system and over half of teens in the U. S. have mobile
phones and over a third report using text messaging [26] and these numbers are increasing.
Electronic communication is beginning to be used as a modality to engage teens in their
healthcare [27-30], and such programs are very well-received [28]. Second, electronic
means of assessment have been shown to greatly increase adherence to monitoring health
information data [31].

To date, m-Health programs have been developed with a specific focus on pain assessment
[32]. Both children and adults show high adherence rates to completion of electronic pain
diaries for a variety of illnesses that involve pain, including cancer [33,34]. There is some
evidence that use of pain diaries to track chronic pain leads to improved patient adherence to
treatment recommendations and additional data provided to health care providers to use for
treatment decision-making [35]. Moreover, asking patients to recall their pain experience
over the period of time leading up to their present medical visit (i.e., retrospective pain
reporting) has been shown to be subject to bias and is inferior to real time measurement of
pain using ecological momentary assessment approaches (i.e., electronic pain diaries) [36].
Despite the growth of m-Health programs focused on pain assessment; to date, little focus
has been on capitalizing on pervasive computing technology to deliver interventions for pain
management.

Because of changes in the U.S. healthcare system, there has been a shift in the management
of care of cancer patients from the hospital to the home [37]. This shift has resulted in
improved satisfaction among patients and families; however, it has come with an added
burden of pain management by parents and caregivers in home setting, who often have little
education regarding pain and pain management [38]. Pain management in children in the
hospital setting has greatly improved in the past several decades [39], though in the home
setting, there is growing evidence that children’s pain is poorly managed [3]. Thus, the under
management of children’s pain in the home setting provides an avenue for targeted research
that incorporates electronic means of assessment and intervention that allows children to
stay in the home setting to maximize satisfaction and quality of life. Moreover, there is a dire
need to focus on children undergoing cancer treatment, as this vulnerable population has
been neglected in the literature on behavioral management of pain and stress.

2. Development of an electronic pain management program: Pain Buddy

It is clear that management of children’s cancer pain at home is in need of attention. The
growing use of mobile technology, particularly among youth in the U.S., provides a
promising means of merging engaging modalities for intervention with efforts to improve
quality of life of children undergoing cancer treatment. Accordingly, the current focus of our
program of research is development of an innovative m-Health application that provides
remote monitoring of pain and symptoms and delivery of cognitive and behavioral skills
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training to children undergoing treatment for cancer. The conceptual framework of this
newly developed program (Pain Buddy) [40,41] is grounded in social learning theory [42],
which suggests that beliefs about self-efficacy, or beliefs about one’s capabilities, play a role
in coping responses. Early research highlighted the role of self-efficacy in health behavior
change and suggested that manipulations of perceived self-efficacy impacted health-related
changes in behavior [43]. In particular, opportunities for skill rehearsal may increase self-
efficacy [44], and there is evidence that providing feedback during web-based learning
modules leads to increases in perceived self-efficacy [45]. Accordingly, Pain Buddy is based
upon the premise that providing children with real time feedback and opportunities for
rehearsal of pain management strategies will increase empowerment and self-efficacy of
pain management, thereby leading to improved quality of life and reduced suffering during
cancer treatment. Pain Buddy is an Android-based program that has been developed to be
used on a seven-inch tablet by children ages 8-18 years undergoing cancer treatment.

Development of Pain Buddy follows a three-phase model [46]: Program development,
formative evaluation, and outcome evaluation. In this manuscript, we describe the first two
phases of the project. Specifically, we discuss the development of Pain Buddy, including the
various components of the program, and then present feasibility and preliminary outcome
data from a pilot study of the intervention.

3. Materials and methods

This project was approved by the Institutional Review Board at Children’s Hospital of
Orange County (CHOC Children’s).

3.1. Phase | — development of Pain Buddy

3.1.1. Stakeholders—The components of Pain Buddy were developed with a multi-
disciplinary task force that includes psychologists, oncologists, anesthesiologists, nurses,
engineers, and computer scientists, all who possess expertise in pediatric cancer, pediatric
pain management, health information technology, and web-based intervention development
and delivery. Children receiving cancer treatment were also included throughout the
development process to provide input and feedback into the various components of the
program. Utilizing a collaborative approach with patient stakeholders ensures appropriate
input throughout development to generate a program that meets the needs of both patients
and healthcare providers.

3.1.2. Procedures—The task force meets biweekly to review project development,
relevant literature and developments in the fields, and to conduct beta testing of Pain Buddy
through each phase of development.

3.1.3. Base technology—The infrastructure of the Pain Buddy application has been
implemented using the following technologies: (1) A mobile device, (2) an application
acting as a serious game to collect patients’ data, (3) a remote server consisting of a database
(4), aweb portal (5), and a set of algorithms (6) to synchronize, monitor, and analyze
patients’ data collected from the mobile device. Further information on each itemized
technology is provided as follows:
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1. The selected mobile device is a seven-inch tablet (model ASUS Google Nexus 7)
with 16 Gb of internal memory and a screen resolution of 1920 x 1200 pixel
(960dp % 600dp). This device features Wi-Fi, which is used to connect to Internet
and send data to the Pain Buddy server. The version of the operative system was
Android 4.4 (KitKat).

2. The development of the Pain Buddy app was designed as a serious game. Many
technologies have been used to design and develop this game, but the main tool
used for implementation was Unity 3D, using C# as the programing language.

3. The computer used as a server was a PowerEdge R220 Rack Server, Intel®
Xeon® E3-1220 v3 3.1 GHz with 8 Gb RAM and dual HDD 500 GB Raid 1. The
operative system was Windows Server 2012.

4. To handle client—server data, the Pain Buddy server integrated MySQL version
5.6 as an open-source relational database management system.

5. In order to provide a friendly interface for system administrators and healthcare
providers to manage and visualize patients’ data, a web portal was implemented
using HTML 5.0 and PHP version 4.5. It also made use of JavaScript
technologies to draw relevant patient data into interactive charts.

6. The program synchronizing and monitoring data have been implemented on the
server’s side. The languages used for implementing the program are MySQL and
PHP, and this program includes algorithms to handle data and send notifications
if needed.

3.2. Phase Il — formative evaluation of Pain Buddy

3.2.1. Participants—Children and adolescents between the ages of 8 and 18 who were
diagnosed with cancer and currently undergoing outpatient cancer treatment were invited to
participate in this study. One of each child or adolescent’s parents was also invited to
participate. Participants were required to be English-speaking and must not have a cognitive
or developmental delay.

3.2.2. Measures

3.2.2.1. Demographic and medical record abstraction form: Parents provided baseline
demographics, including gender, race, ethnicity, parents’ education, occupation, age, and
income. Treatment-related information was also collected from patient medical records,
including age, weight, diagnosis, and person completing study measures.

3.2.2.2. Content and usability measure: Assessment of content and usability were
collected using methods similar to those used by other investigators in the study of utility of
electronic interventions [29,47]. Ratings of content of components were provided in
response to queries such as “How useful or helpful was the information provided?” on a
Likert-type scale with anchors of Not at All and Very Much. Likewise, patients were asked
to provide a rating of how easy or difficult the section was to use on a Likert-type scale, with
anchors Very Easy to Very Difficult. In reviewing each section, patients were asked to
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respond to open-ended questions querying “What did you like best about this component?”
and “What did you like least about this component?”.

3.2.2.3. Memorial Symptom Assessment Scale (MSAS) [48,49]: The MSAS is a child
self-report instrument that evaluates whether or not the child experienced a particular
symptom since a prior diary entry. If the child reports “yes” to having experienced any of the
symptoms, then the child is prompted to describe the frequency (i.e., a very short time, a
medium amount, or a lot), severity (i.e., a little, a medium amount, or a lot), and distress (i.e.
not at all, a little, a medium amount, or very much) experienced due to the symptom. There
are two versions of the MSAS: (1) MSAS 7-12 for children who are 7-12 years old, and (2)
MSAS 10-18 for children who are 10-18 years old. In the current study, participants age 9
or younger completed the MSAS 7-12; participants age 10 or older completed the MSAS
10-18. The MSAS 7-12 consists of 8 symptoms, whereas the MSAS 10-18 contains 30
symptoms. On the MSAS 7-12, participants rate each symptom frequency, intensity, and
level of distress on a scale ranging from 0 (“Not at all””) to 3 (“Very much or a lot”); each
rating was re-scaled so that the maximum score for each of these items is 10. On the MSAS
10-18, participants rate each symptom frequency, intensity, and level of distress on a scale
ranging from O (“Not at all”) to 4 (“Very much”); each rating was scaled so that the
maximum score for each of these items is also 10.

The MSAS 10-18 comprises three subscales: psychological (PSYCH,; e.qg., “difficulty
concentrating or paying attention”), physical (PHY'S; e.g., “pain”) and general distress index
(GDI; e.g., “how much did it [the symptom] bother you?”). The alpha coefficients of the
PSYCH, PHYS, and GDI subscales have been reported at 0.83, 0.87 and 0.85 respectively,
suggesting high internal consistency within each subscale.

3.2.2.4. Adolescent Pediatric Pain Tool (APPT) [50]: The APPT is a self-report
multidimensional pain instrument that is reliable and valid for use in children and
adolescents ages 8 to 17. The first part of the measure includes a body outline for the front
of the body and another outline for the back of the body (Fig. 1). Patients are asked to mark
any areas where they are experiencing pain. Secondly, pain intensity is assessed on a word-
graphic rating scale, which is a 100-mm horizontal line that has the anchors of “no pain,”
“little pain,” “medium pain,” “large pain,” and “worst pain.” Lastly, the third part of the
measure contains a list of 67 words representing four domains of pain. These domains
include: sensory (represents pressure or pain sensation, such as “aching” and “stinging”),
affective (represents unpleasant emotions of pain, such as “screaming” and “deadly”),
evaluative (represents intensity of pain, such as “miserable” and “uncontrollable™), and
temporal (represents duration and pattern of pain, such as “constant” and “on and off”). A
percentage is calculated for each domain (by dividing the words circled by the nhumber of
words possible in each category), as well as a total score for the number of words recorded
by participants out of 67 possible words. Participants were also asked to indicate the level of
functional impairment associated with their pain in the domains of school activities, social
activities, extracurricular activities, chores, and sleep.

Only participants who endorsed experiencing pain on the MSAS were directed to complete
the APPT.
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3.2.2.5. Coping interventions questionnaire: This questionnaire assessed participants’
strategies for coping with and decreasing their pain. Specific coping strategies assessed
include use of pain medication, relaxation techniques, distraction, use of heat packs,
massage, and social support. With regard to medication, children were asked to indicate
whether a medication was taken, the medication type, dosage, and frequency. With regard to
non-pharmacological strategies, participants were asked to indicate the number of times they
engaged in each coping activity. For all interventions, participants were asked to indicate
how helpful each strategy was using a 0-100 mm VAS where 0="Did not help at all” and
100="Helped a lot.” Finally, two items from the Coping Strategies Questionnaire [51] were
used to measure coping efficacy. The items, used in prior pain diary studies [52], are
answered on a 7-point scale and are: 1) “Based on all the things you did to cope, or deal with
your pain today, how much control do you feel you had over it?” and 2) “Based on all the
things you did to cope, or deal with your pain today, how much were you able to decrease
your pain?”.

Only participants who endorsed experiencing pain on the MSAS were directed to complete
the Coping Interventions Questionnaire, after they completed the APPT.

3.2.3. Procedures

3.2.3.1. Recruitment: Parents and their child undergoing cancer treatment were recruited
from a pediatric hospital to participate in the current study. Potential participants were
identified through review of the Outpatient Infusion Center (OPI) and/or Cancer Institute
appointment schedules at the hospital. Those determined to be eligible through review of
electronic medical records were mailed a letter of introduction that describes the purpose of
the study, eligibility and study requirements, contact information for study personnel, as well
as a study information sheet. Within two weeks of sending out the letter, a research associate
contacted the family by telephone to answer any questions they may have and invite their
participation. Interested families were invited to participate during an in-person encounter at
their regularly scheduled visit at OPI, Cancer Institute, or Oncology floor, by a trained
research associate.

3.2.3.2. Training on Pain Buddy: After providing consent, parent—child dyads participated
in an in-person training session to receive instructions on using Pain Buddy. A trained
research associate provided a tutorial on accessing different features on Pain Buddy.
Participants also practiced completing the MSAS, APPT, and coping interventions
questionnaire. Parents signed a release form for the tablet, and provided contact information.

3.2.3.3. Using Pain Buddy: Each family was provided with one tablet that contained the
Pain Buddy diary application. Each child was provided with an individual protected pin to
enter in the log in screen (Fig. 2), and all information entered into the mobile device was
immediately encrypted.

It is important to note that Pain Buddy uses the Wi-Fi feature of the tablet (model ASUS
Google Nexus 7) to send patient’s data to the Pain Buddy server when an internet connection
is available. The connection to internet must be achieved through Wi-Fi, as the Asus Google
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Nexus 7 does not include cellular network. Further information on the Pain Buddy
connectivity features can be found under the “Electronic Communication” section.

Participants were asked to complete the diary twice a day for 10 days. However, they were
not required to return their tablet immediately after 10 days, as this may not have been
feasible for the participants and families. They were also not explicitly told to refrain from
continuing to use the Pain Buddy tool after 10 days, and therefore, some participants chose
to continue completing diaries after the initial 10 days were over. Each child was provided
with an individual protected pin to enter in the log in screen (Fig. 2), and all information
entered into the mobile device was immediately encrypted.

Once a participant completed a section on the electronic diary device, that screen is
refreshed to the next section with no ability to “turn back” the page to the previous section.
If a participant suspended their diary entry sometime in the sequence of item presentations,
the electronic diary device timed-out after 30 minutes, reset the screen, and returned them to
the main menu of the program. Children provided pain ratings using the MSAS twice a day
—once in the morning and once in the evening. If participants endorsed experiencing pain on
the MSAS at each diary entry, they also completed the APPT and intervention questionnaire
to further assess their pain and use of coping tools to manage pain. Children received
cognitive-behavioral skills training to manage pain and symptom-related distress, when 1)
ratings met pre-determined symptom criteria, 2) the child initiated training, and/or 3) the
application prompted the child to complete a selected skill every two days. The cognitive-
behavioral skills training was delivered via an interactive avatar (Fig. 3). To encourage
adherence to the diary schedule, research assistants contacted patients who missed two
diaries in a row to troubleshoot and remind them to complete diaries at their scheduled
times. Patients who did adhere to the diary schedule were called at the five-day mark, and
research assistants provided reinforcement for participants’ diary completion.

3.2.4. Analysis—Analyses included descriptive statistics and one-sample Wilcoxon signed
rank tests. One-sample Wilcoxon signed rank tests were performed to determine whether the
observed median is equal to the middle value of the scale for each test. All analyses were
performed using the SPSS version 23.0 statistical analysis software.

4.1. Phase | — development of Pain Buddy

Development of Pain Buddy resulted in an application that comprises:
. A symptom diary;
. An electronic communication tool;
. Cognitive and behavioral skills training for pain and symptom management;
. A three-dimensional (3-D) avatar that guides the child throughout the program.

Each of the components of Pain Buddy will be detailed in the following sections.
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4.1.1. Symptom diary—A primary challenge with optimal pain management in the home
setting is that pain and symptoms are not assessed consistently during cancer treatment. In
order to address this gap in care, Pain Buddy includes a symptom diary that comprises
validated measures of pain and symptoms experienced during cancer treatment in children.
The diaries are designed to be completed twice per day and can be completed in just a few
minutes each day. There is a section in the diary about overall pain and symptoms common
during cancer treatment (Memorial Symptom Assessment Scale 7-12/10-18, MSAS)
[49,53], a section about pain severity and characteristics for any child who endorses pain on
the MSAS (Adolescent Pediatric Pain Tool, APPT) [54], and a final section asking about any
interventions (including both pharmacological and nonpharmacological) used for pain
management. In order to enhance engagement with the diary, children earn Pain Buddy
“coins” that are banked for use in the Pain Buddy store, which provides an opportunity for
children to customize the program even further. In the store, they can purchase new avatars
and/or customize the avatar selected with new accessories (Fig. 4), including hats, glasses,
clothing, and can purchase additions to the design layout of Pain Buddy, change background
colors, and change artwork displayed within the layout, etc. (Figs. 5 and 6).

4.1.2. Electronic communication—A second challenge with pain management is that
health care providers do not have access to real time data with regard to pain and symptoms.
In order to address this gap in care, Pain Buddy uses a central server to handle
communication of the symptom diary to health care providers. Moreover, rather than
inundate providers with constant streams of data, Pain Buddy has symptom alert algorithms
programmed in the server that will alert health care providers via email or text when a child
reports symptoms that meet pre-determined thresholds signaling that intervention might be
warranted (see Table 1).

Providers can access the data in real time through a health care provider web portal that
communicates with the Pain Buddy server and they can view all patient data or select easy-
to-read graphs that will display changes in symptoms and identify the symptoms that
prompted the alert to be triggered (Fig. 7). This allows healthcare providers to contact
children and families in real time to provide treatment recommendations for pain and
symptom management before symptoms continue to escalate. Pain Buddy will also notify
children when these symptom thresholds have been met and that their healthcare provider
has been notified. Pain Buddy can also be used offline (i.e., without Internet connectivity).
In that situation, the application will store and encrypt all patients data in the mobile device
until an Internet connection is available, which will then be used to send the data stored in
the device to the server. Therefore, all data reported by children are sent to the server as soon
as the reporting device has access to Internet through Wi-Fi connection. It is important to
note that the Pain Buddy app handles communication efficiently, checking for connectivity
after completion of a diary and sending data to the server when connectivity is detected. The
average size of an “intensive” session may be up to 67 KB, including diary, store and
cognitive training. Assuming patients use Pain Buddy as much as three times a day
exploring most of the options available in the application, the average data usage by each
patient for a month would be as much as 6.00 MB, which is fifty times less than the lowest
data plan that most Internet providers currently offer in the U.S. This efficiency in data
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transfer is a key feature of Pain Buddy that will provide accessibility of this technology to
most patients and families.

Because the goal of the pilot study was to gather formative evaluation data, actual symptom
trigger alerts were not communicated to participants’ healthcare provider. Results presented
below will indicate the number of diary entries that would trigger an alert to a healthcare
provider when this alert system is activated.

4.1.3. Cognitive and behavioral skills training—A goal of Pain Buddy is to empower
children with strategies to complement pharmacological approaches to pain and symptom
management. Accordingly, Pain Buddy is programmed to teach children the following non-
pharmacological pain management strategies: guided imagery, progressive muscle
relaxation, diaphragmatic breathing, mindfulness, and distraction (Fig. 3). In total, Pain
Buddy provides 12 tutorials to teach children these skills via a skills training menu featuring
a dedicated animated avatar, with both speech and animation components.

4.1.4. Three-dimensional (3-D) avatar—In order to engage children even further and
allow for increased personalization of the program, Pain Buddy provides children with a
number of avatars who will guide them through the entire program (i.e. the child’s personal
“pain buddy™). In order to develop avatars for the program, a wide range of characters were
selected and presented as two-dimensional drawings to 60 children who were undergoing
treatment at a cancer center of a major children’s hospital. Children were stratified by age
and gender, and they provided quantitative ratings and rankings of the characters. The top
rated characters for each age group (8-10, 11-14, 15-18 years of age) were selected for both
boys and girls. This resulted in three avatars: a panda bear, a penguin, and a polar bear (Figs.
3 and 4). The three avatars selected were modeled as three-dimensional characters in Maya
v.2014 and 2015 for Mac from Autodesk. The body animation of the avatars was achieved
by adding predefined biped skeletons to the avatars in Maya and exporting to iClone v.5 for
Windows from Reallusion. The animation of the avatars’ face (i.e., facial expression and lip
synchronization for speech) involved the recently created FacePlus software from Mixamo,
which allowed for the use of USB cameras to map students’ faces as they talked and acted,
in order to transcribe and record the facial animation onto the avatar’s face. Mixamo Face-
Plus was successfully integrated with Unity 3D v.4 in both Windows and Mac platforms
indistinctly. The actors, who were students in the Department of Drama at UC Irvine, also
provided the audio for the avatars’ voices for the diary and skills training components of the
program. All facial animations from FacePlus and body animations from Iclone were post-
processed and further improved in Maya for integration. Maya was also a key platform to
model the three dimensional avatars’ accessories that can be found in the Pain Buddy store.
The game scenes were developed using Illustrator CC from Adobe (Mac version) and
integrated with the avatars, accessories, and multiples algorithms using a well-known
videogame development platform, Unity 3D. The Unity 3D platform allows for a fully three-
dimensional environment, including a scene-shifting design where the options of the
program move the “camera” view to a different part of the room for various components of
the program (e.g., diary, skills training page, Pain Buddy store, etc.). Due to incompatibility
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issues between FacePlus and Unity 3D v5, we used both Unity 3D versions 4 and 5 to
assemble the Pain Buddy application.

4.2. Phase Il — formative evaluation of Pain Buddy

4.2.1. Demographic information—Twelve children ages 8-18 (12.33+3.42; 58% male)
participated in this study. Children were primarily Hispanic—White (75%) and diagnosed
with leukemia (58%) or tumors of the central nervous system (25%), and were undergoing
cancer treatment.

4.2.2. Diary completion—The mean number of diaries completed by participants was
19.58 (SD=4.64; range=13-27). As discussed above, participants were asked to complete
symptom ratings within a 10-day period. However, due to technological issues during the
data upload process in this pilot study, we were unable to ensure that our date and time data
were completely accurate. As such, we are unable to provide participant adherence rate. Of
note, tablets were not required to be immediately returned to study staff at the 10-day mark,
and therefore, participants were able to complete more diary entries past the 10-day period if
they chose.

4.2.3. Content and usability—Preliminary findings indicate that children were highly
satisfied with Pain Buddy (Median=10.00 [25th percentile=7.50, 75th percentile=10.00],
interquartile range (IQR)=2.50; Z=2.20, p=0.024), and perceived the program to be useful
(7.50 [6.50, 10.00], IQR=3.50; Z=2.04, p=0.041). Children reported hopefulness that Pain
Buddy would reduce their pain (8.00 [7.00, 9.25], IQR=2.25; Z=2.21, p=0.027), and
contribute to improvement in their symptoms (8.00 [5.75, 8.50], IQR=2.75; Z=2.06,
p=0.039). Children also indicated they would be highly confident to recommend Pain Buddy
to a friend undergoing cancer treatment (9.00 [8.00, 10.00], IQR=2.00; Z=2.20, p=0.026).
The design of the 3-D Avatar was perceived to be attractive (9.00 [8.00, 10.00], IQR=2.00;
Z=2.39, p=0.017), and children enjoyed the Pain Buddy “store” (8.00 [7.00, 10.00],
IQR=3.00; Z=2.21, p=0.027). Children found the skills training to be useful (9.00 [8.00,
10.00], IQR=2.00; Z=2.38, p=0.017); belly breathing and distraction techniques were most
frequently rated as the preferred skill.

4.2.4. Symptom assessments

4.2.4.1. MSAS 7-12: Three participants completed the MSAS 7-12 over the course of the
study, yielding a total of 56 sets of symptom ratings. Appetite disturbance was the most
frequently endorsed symptom (/7=38), followed by itchiness (/=10), pain (#=7), fatigue
(rm=4), and vomiting (/7=3). Sadness, worry, and sleep disturbances were each endorsed
across the 10-day period. For those who endorsed experiencing at least one of these
symptoms (/7=26), the average composite score across these 8 symptoms was 0.57
(SD=0.52; range=0.13-2.22; highest possible=10). Of the responses where participants
endorsed experiencing physical symptoms (/7=17), the average physical symptoms subscale
score was 1.15 (SD=0.77; range=0.41-3.18; highest possible=10). Of the responses where
psychological symptoms were endorsed (/7=5), the average psychological symptoms
subscale score was 2.66 (SD=2.09; range=0.73 to 5.91; highest possible=10). Of those
responses indicating experiences of distress (/7=9), the average general distress index score,
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measuring average frequency or distress associated with each symptom, was 1.54 (SD=0.88;
range=0.66-3.32; highest possible=10).

4.2.4.2. MSAS 10-18: Nine participants completed the MSAS 10-18, yielding a total of 179
sets of symptom ratings. Pain was the most frequently endorsed symptom (/7=19), followed
by lack of energy (7=12), nausea (7=10), itchiness (/7=9), coughing (/=8), feeling nervous
(r7=8), sleep difficulties (/7=8), and sweating (/7=8). Symptoms that were not endorsed
included difficulties with urination, breathing, and swallowing, along with swelling of arms
and legs and feelings of not looking like oneself. Of the responses where participants
endorsed experiencing physical symptoms (/7=39), the average physical symptoms subscale
score was 0.79 (SD=0.77; range=0.11-4.55; highest possible=10). Of the responses where
psychological symptoms were endorsed (7=21), the average psychological symptoms
subscale score was 0.74 (SD=0.60; range=0.17-2.67; highest possible=10). Of those
responses indicating experiences of distress (/7=34), the average general distress index score,
measuring average frequency or distress associated with each symptom, was 0.88 (SD=0.67;
range=0.25-3.00; highest possible=10).

4.2.4.3. Triggering a symptom alert: Of the 235 total MSAS symptom rating entries
completed, 9 (3.83%) resulted in triggering a symptom alert that would notify a health care
provider that a child was experiencing symptoms that warranted intervention. Table 1 lists
the algorithm of symptom ratings that could trigger a symptom alert. Of the nine alerts that
would have been triggered in this study, eight were due to pain symptoms (e.g., pain that
was frequent, severe, and bothersome), and one was due to drowsiness. These alerts would
have come from three different participants, and 6 of the 8 pain triggers would have been
from the diary entries of one participant.

4.2.4.4. APPT: Participants who indicated they experienced pain on the MSAS in a given
response set (i.e., diary entry) completed the APPT (77=25). When asked to mark the areas
on which participants experienced pain, patients on average marked 3.52 areas (SD=3.72;
range=0-14; highest possible=43). The front left upper arm was the body area most
frequently indicated as being in pain (7=15; 56%), followed by the left forearm supinated
(rm=10; 40%), and right front lower leg (7=6; 24%). Four individuals (16%) indicated the
following to be areas of pain: left front lower leg, front right top of foot, front left top of
foot, back upper left arm and left elbow, back left lower leg, and back right lower leg.

On a scale of 0-100, with higher ratings indicating higher levels of pain, the median level of
participant-rated current pain was 31.00 (IQR=53; range=0-77), median pain since last entry
at 35.00 (IQR=43; range=0-70), median worst pain since last entry at 73.00 (IQR=39.50;
range=0-100), and median least pain since last entry at 6.00 (IQR=46; range=0-52). The
median total number of pain words endorsed was 2.00 (IQR=2.50; range=0-6; highest
possible=67). With regard to pain-related words in specific domains, a median of 0 sensory
words (IQR=1.50; range=0-6; highest possible=37), 0 affective words (IQR=0; range=0-3;
highest possible=11), 0 evaluative words (IQR=0; range=0-2; highest possible=8), and 0
temporal words (IQR=2.00; range=0-2; highest possible=11) were endorsed. When asked
about the level of impairment associated with their pain, between 8% and 16% of
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participants reported impairment in the domains of school activities, social activities,
extracurricular activities, chores, and sleep.

4.2.5. Coping interventions used—~Participants who indicated they experienced pain
on the MSAS in a given response set (i.e., diary entry) completed the Coping Interventions
Questionnaire (/7=25). Distraction techniques were the most frequently used intervention
(rm=10; 40%), followed by positive self-talk (7=4; 16%) and heat packs (7=4; 16%),
medication use (7=3; 12%), accessing social support (/7=3; 12%) and deep breathing
techniques (/7=3; 12%), and followed by relaxation exercises (/=2; 8%). With regard to
medication use, responses indicated that three different children used medication: one child
took one dose of ibuprofen, one child took one dose of naproxen, and one child took one
dose of an unspecified medication. Average perceived effectiveness of medication was 64.67
(SD=19.86; range=49-87). Imagery techniques and massage were not identified as
interventions used to cope with pain. Participants who indicated they used an intervention
technique were asked the degree to which they perceived it to be helpful. With regard to
non-pharmacological techniques, positive self-talk was rated as the most helpful
(69.25+35.90; range=32-100, /=4), followed by relaxation exercises (48.00+8.49;
range=42-54, n=2), distraction (42.50+20.43; range=0-65, /7=10), heat packs (39.00+15.58;
range=17-51, n=4), breathing exercises (34.33+33.01; range=0-66, /7=3), and social support
(27.67+27.50; range=0-55, /7=3). The average number of times that these intervention were
used ranged from 1 to 4 times, with social support being the most frequently used

(4.00+ 2.00; range=2-6), followed by distraction (3.40+2.00; range=1-6) and breathing
exercises (3.33+£2.31; range=2-6).

5. Discussion

Interventions that bridge the gap between knowledge and practice of pain management in
children are needed, particularly in those undergoing cancer treatment, who experience high
rates of pain due to illness and treatment procedures [2,3,5,6,9]. By merging mobile
technologies with medicine, we can begin to bridge this gap in a manner that engages
children and families in health care, provides needed data to healthcare providers, and
equips children and families with tools to manage cancer-related pain in the home setting
[26-36]. The m-Health program, Pain Buddy, described in this paper provides an avenue for
addressing inadequate pain and symptom management in pediatric cancer patients.

By working with a multidisciplinary taskforce of a variety of specialties involved in quality
of life interventions in cancer patients, and with technological development, we developed
an m-Health program for children undergoing cancer treatment that was well-received,
engaging, and provided a wealth of data regarding the experience of children being treated in
an outpatient setting. As discussed above, the target device for our mobile application was a
Google Nexus 7 with a display size of 7-inches and a screen resolution of 1920 x 1200 pixel.
However, the Pain Buddy application has been developed to support multiple platforms. For
instance, the application has already been tested in several models of smartphones, such as
Samsung Galaxy S5 and Google Nexus 5, with excellent results. However, for participants’
convenience, we offered small tablets that were easy to handle but had larger displays than
smartphones. As there is a new trend of marge tablets and smartphones (phablets), such that
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approximately 90% of teenagers use mobile devices to “go online” daily [55] per recent
research by the Pew Research Center, we might consider improving our device selection in
future studies to further promote accessibility of Pain Buddy to children and adolescents.

This study provides a descriptive picture of symptom prevalence and severity in children
being treated for cancer that informs both treatment and prevention efforts. In the current
study, overall symptoms were relatively frequently reported, but symptom severity was low.
In fact, of the total number of diaries completed by children, 4% would have triggered an
alert that would notify health care providers that a child was experiencing symptoms severe
enough to warrant intervention.

In terms of the nature of symptoms reported by children, appetite disturbance and pain were
the most common symptoms endorsed by children. Additional common symptoms were
fatigue, nausea, itchiness, and sleep disturbance. Children reported higher levels of physical
symptoms compared to psychological symptoms, suggesting that overall, physical health
was more impacted that emotional well-being. Overall symptom distress scores were low,
indicating that even though children reported experiencing symptoms, the symptoms did not
appear to significantly impact quality of life for most children. It may also be that children
were more likely to complete diaries when symptom severity was low, thereby impacting
symptom data obtained.

Pain was the primary symptom that triggered the Pain Buddy alert algorithm, suggesting
pain was the symptom that was most troublesome when experienced. Results from this study
indicate that pain is of concern for children receiving outpatient cancer treatment. Despite
eight reports of clinically significant pain, only three doses of analgesics were reported. In
addition, children reported using some non-pharmacological pain management strategies
such as self-talk, heat, and social support. The low frequency of use of these strategies
suggests an avenue by which Pain Buddy can address the gap in pain management in
children with cancer. Of particular note, the most frequent strategies were not cognitive-
behavioral strategies that can be effective for pain management. By providing coping skills
training in use of distraction, imagery, diaphragmatic breathing, mindfulness, and
progressive muscle relaxation, Pain Buddy can equip children with a wide range of
strategies with which to manage pain and other symptoms. Further, Pain Buddy provides
opportunities for skills rehearsal, thereby increasing self-efficacy in coping with pain.

When considering the utility and future improvements of Pain Buddy, it is important to
consider other applications that use patient-generated data and patient and/or provider
feedback in their programs. For example, Stinson and colleagues [56] developed an iPhone
application (“Pain Squad”) to improve pain management among adolescents with cancer.
This application consists of an electronic diary assessing pain and functional impairment,
examines interventions used for pain management, and provides a reward system for diary
use. This application has demonstrated high levels of adherence and satisfaction among
adolescents. Baggott and colleagues [57] also developed an electronic diary (“eDiary”) to
facilitate symptom recording among adolescents and young adults with cancer, in order to
promote improved communication of symptoms between patients and healthcare provider.
High adherence to symptom diary completion was noted. Although not specific to the cancer
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population, Jacob and colleagues [58] evaluated the use of a smartphone for completion of a
web-based electronic diary (“e-Diary”) for children and adolescents with sickle cell disease.
Results suggested that smartphones can be an effective means for increasing pediatric
patients’ recording of their symptoms, thereby facilitating helpful communication with their
healthcare providers. The above sample of m-Health research highlights the utility of m-
Health interventions in symptom monitoring and recording among pediatric populations, and
also underscores the unique value that Pain Buddy contributes to the patient-collected data
literature in several ways. First, Pain Buddy shares many of the strengths of the
aforementioned programs, as it serves as an electronic symptom diary that offers built-in
incentives for high completion. Second, Pain Buddy provides interactive and engaging skills
training on evidence-based pain management strategies and techniques. Additionally, Pain
Buddy offers real-time electronic communication to patient’s healthcare providers, which
further strengthens the unique value of this tool in efficient and effective management of
symptoms in the home among children with cancer.

5.1. Limitations and future directions

Pain Buddy therefore appears to hold promise for the field of pain and symptom
management among children undergoing cancer treatment. However, there are several
limitations to note. First, due to technological difficulties, we were unable to ascertain the
exact number and range of days during which participants completed diary entries, and
therefore were unable to discuss adherence rates. To improve the feasibility and usability of
pain buddy, it is important to consider individual characteristics of participants that may
impact adherence to this intervention. For example, children who completed more diary
entries may be more motivated to engage with Pain Buddy than those who completed fewer
entries, and the differing levels of motivation may impact the symptom and/or satisfaction
ratings provided. Those who completed more diaries may also have received increased
reminders from parents to engage with Pain Buddy, and the possible differing levels of
parental involvement may also impact symptom and satisfaction ratings. We chose to
compute statistics at the diary-entry level in order to maximize the sample size and use of
data obtained in this initial pilot study, while recognizing the limitations that this method
may produce. Future evaluations of Pain Buddy would do well to more strictly standardize
the number of diary entries completed per participant, provide adherence rates, as well as
perform analyses at the participant level.

Second, it is important to note that Pain Buddy does require access to an Internet connection
through Wi-Fi, and this requirement may limit access to Pain Buddy for some populations.
When inquiring about access to mobile Internet through Wi-Fi in our study, we found that
nearly 90% of all patients asked, including low income families from diverse racial and
ethnic backgrounds, reported having access to Wi-Fi. Thus, m-Health interventions may be
accessible for the majority of patients in the United States. In addition, all children were
provided with tablets for use in the present study, and all tablets were returned to the study
team at the conclusion of the study. Although it seems that Wi-Fi access was not a
significant barrier in our current study, it is nevertheless important to consider implications
of mabile Internet necessity in future efforts to more globally disseminate m-Health
interventions, such as Pain Buddy. In areas of the world where Internet connection is not
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readily available, efforts to first identify ways to provide access to the Internet for targeted
patients and families, as well as modifications of the implementation of Pain Buddy (e.g.,
identifying alternate ways to offer timely communication with healthcare providers), may be
important.

The current study focused on using Pain Buddy among children presently undergoing cancer
treatment. However, this novel tool has several advantages that support its versatility and
adaptability across diagnoses and populations. First, Pain Buddy is delivered on a mobile
device (tablet or smartphone), allowing patients to use the application in many settings (e.g.,
at home, in the hospital), and therefore accessible by children experiencing various forms of
cancer and who are at different stages of their disease. Second, Pain Buddy is a versatile
assessment device that can assess diverse symptoms across diagnoses. Third, Pain Buddy
presents evidence-based pain management strategies that address various pain presentations
(e.g., sickle cell disease, arthritis). The current study has focused on pediatric cancer, as
children with cancer experience pain, particularly when they are at home. Therefore, a tool
such as Pain Buddy can assist with management of these symptoms. It is possible that
children with particularly severe symptoms, due to their illness or resulting from treatment,
may find it more difficult to attend to the material provided through Pain Buddy. Evaluating
potential differences in effectiveness and utility of Pain Buddy in future studies will allow us
to identify and address barriers to accessing and/or using Pain Buddy.

6. Conclusion

The World Health Organization acknowledges that a significant proportion of cancer
patients experience pain, and pain management efforts in this population are currently
inadequate. In addition, due to aggressive treatment protocols, children with cancer are at
high risk for the experience of treatment-related symptoms that worsen quality of life.
Consistent with the growing trend and low-cost access of m-Health, Pain Buddy has the
potential to address multiple gaps in the management of pain and symptoms in children
undergoing outpatient cancer treatment. Pain Buddy is an innovative and interactive tool that
promises to improve pain and symptom management among children undergoing cancer
treatment. Current results suggest that children were highly satisfied with Pain Buddy and
found this program to be useful in reducing their pain and symptoms. These results will
inform future improvements to Pain Buddy, in preparation for a randomized controlled trial
to assess efficacy in improving pain management and quality of life among pediatric cancer
patients. Accordingly, Pain Buddy has the long-term potential of improving quality of life in
tens of thousands of children undergoing treatment for cancer each year.
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Fig. 1.
Body map of the adolescent pediatric pain tool in the pain buddy symptom diary.
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Fig. 2.
Pain Buddy log on screen.
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Fig. 3.
Pain Buddy cognitive and behavioral skills training menu.
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Fig. 4.
Panda bear and penguin three-dimensional avatars.
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Fig. 5.
Avatar accessory options in the Pain Buddy store.
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Fig. 6.
Background options in the Pain Buddy store.
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Pain Buddy
Server

Pain Buddy mobile app Pain Buddy Web app

Fig. 7.
Pain Buddy infrastructure and data flow.
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Table 1

Algorithm for symptom alert triggers in the Pain Buddy symptom diary.

Page 28

Symptom Ratings

MSAS 7-12

Overall pain rating

Overall pain rating

Pain

Drowsiness, Difficulty Swallowing
Problems with Urination

Shortness of Breath

7.5

Pain 2>A medium amount (Frequency) AND =A medium amount (Severity) AND =A medium amount
(Bothersome/Distressing)
Tired Three consecutive entries of:
Almost all the time (Frequency) AND Very tired (Severity) AND Very much (Bothersome)
Itching Three consecutive entries of:
Almost all the time (Frequency) AND Very itchy (Severity) AND Very much (Bothersome/
Distressing)
Vomiting Three consecutive entries of:
>A medium amount (Frequency) AND =A medium amount (Bothersome/Distressing)
Sleep Five consecutive entries of:
>A medium amount (Bothersome/Distressing)
Feeling Sad Five consecutive entrfes of:
=A medium amount (Frequency) AND =A medium amount (Severity) AND =A medium amount
(Bothersome/Distressing)
Worried Five consecutive entries of:
>A medium amount (Frequency) AND
Very worried (Severity) AND =A medium amount (Bothersome/Distressing)
MSAS 8-18

27.5

2A lot (Frequency) AND =Moderate (Severity) AND =Somewhat (Bothersome/Distressing)
2A lot (Frequency) AND =Severe (Severity) AND =Quite a Bit (Bothersome/Distressing)
2A lot (Frequency) AND =Severe (Severity) AND =Somewhat (Bothersome/Distressing)
>Sometimes (Frequency) AND =Moderately (Severity) AND

=Somewhat (Bothersome/Distressing)

Cough Three consecutive entries of:
2A lot (Frequency) AND =Severe (Severity) AND =Somewhat (Bothersome/Distressing)
Numbness Three consecutive entries of:

\omiting, Diarrhea, Dizziness, Itching

Nausea

Constipation

Headache

Almost Always (Frequency) AND Very Severe (Severity) AND

>Quite a bit (Bothersome/Distressing)

Three consecutive entries of:

2A lot (Frequency) AND >Severe (Severity) AND >Quite a Bit (Bothersome/Distressing)
Three consecutive entries of:

2A lot (Frequency) AND =Moderate (Severity) AND >Quite a Bit (Bothersome/Distressing)
Three consecutive entries of:

>Moderately (Severity) AND =Quite a Bit (Bothersome/Distressing)

Three consecutive entries of:

>Sometimes (Frequency) AND =Moderately (Severity) AND

>Somewhat (Bothersome/Distressing)
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Symptom

Ratings

Mouth Sores

Lack of Energy

Nervousness

Feelings of Sadness

Sweats

Swelling in Arms or Legs

Changes in Skin

Three consecutive entries of:

>Moderately (Severity) AND =Somewhat (Bothersome/Distressing)

Five consecutive entries of:

>Sometimes (Frequency) AND =Moderately (Severity) AND

>Somewhat (Bothersome/Distressing)

Five consecutive entrfes of:

2A lot (Frequency) AND Very Severe (Severity) AND =Quite a Bit (Bothersome/Distressing)
Five consecutive entries of:

Almost Always (Frequency) AND Very Severe (Severity) AND Very Much (Bothersome/
Distressing)

Five consecutive entries of:

Almost Always (Frequency) AND Very Severe (Severity) AND >Quite a Bit (Bothersome/
Distressing)

Five consecutive entries of:
Very Severe (Severity) AND Very Much (Bothersome/Distressing)
Five consecutive entries of:

Very Severe (Severity) AND =Quite a Bit (Bothersome/Distressing)
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