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Abstract
Objectives: Cancer-related pain in children is prevalent and undermanaged. Mobile health

(mHealth) applications provide a promising avenue to address the gap in pain management in

children with cancer. Pain Buddy is a multicomponent mHealth application developed to manage

cancer-related pain in children. The goal of this paper is to present preliminary efficacy data of the

impact of Pain Buddy on children’s pain severity and frequency.

Methods: In a randomized controlled trial over 60 days, children (N= 48) reported daily pain on a

tablet while receiving usual care. Those in the intervention group (N= 20) received remote symp-

tom monitoring and skills training for pain management. Children in the attention control group

(N= 28) only reported on their pain.

Results: Both groups experienced significant reductions in average daily pain over the study

period (B = −0.10, z = −3.40, P = 0.001), with no group differences evident (z = −0.83, P = 0.40).

However, the intervention group reported significantly fewer instances of moderate to severe

pain compared with the control group, t(4125) = 2.67, P = 0.007. In addition, the intervention

group reported no instances of moderate to severe pain toward the end of the study period.

Conclusion:Pain Buddy is an innovative and interactivemHealth application that aims to improve

pain and symptom management among children with cancer. The findings from this pilot study

suggest that Pain Buddy may aid in the reduction of pain severity in children during cancer treat-

ment.

K EYWORD S
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1 INTRODUCTION

Over 10, 000 children in the United States are diagnosed with

cancer every year,1 and significant symptoms, such as recurrent

pain, often accompany its treatment.2 Furthermore, children are in

particular need of easily implementable interventions because the

majority of pediatric pain management responsibility has shifted

from medical settings to home environments.3 Because mobile health

(mHealth) applications have great potential to improve pediatric pain

management,4 our group developed Pain Buddy as an intervention

designed to reduce pain during cancer treatment by facilitating

patient-provider symptom communication, providing children training

in cognitive and behavioral pain management strategies, and deliv-

ering these techniques in an effective and engaging manner.5 Users
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of the present version of Pain Buddy are asked to report on their

daily pain and symptoms via a computer tablet and that information

is provided in real time to clinicians in order to promptly address

any symptoms that warrant intervention. Thus, Pain Buddy bridges

the research-to-practice gap in the current state of care for children

undergoing cancer treatment by providing a medium by which pain

and symptoms can be better managed in the home setting.

Retrospective pain reporting can be inaccurate and thus hinder the

effectiveness of pain management strategies in the medical setting6;

however, tracking symptoms in real time through e-diaries is a suc-

cessful strategy that augments patient-provider communication.5–7

Accordingly, Pain Buddy collects twice daily e-diary symptom reports

(e.g., pain, nausea, fatigue) and provides a remote symptom monitor-

ing communication system that allows healthcare providers to track

patterns of symptoms and provide timely intervention to patients in

need. The data from Pain Buddy are routed through a server and can

be accessed by the appropriate healthcare provider through an admin-

istrative portal via the Pain Buddy web app. When a child reports

symptoms that warrant intervention (determined based upon an algo-

rithm developed in collaboration with the treatment team), the spe-

cific symptoms reported are sent immediately to the appropriate

provider via text or email message. In addition, in order to address the

research-to-practice gap that has limited the translation of evidence-

based strategies into the home setting,8 Pain Buddy incorporates

coping skills shown to be effective in the management of pain, such

as diaphragmatic breathing,9 progressive muscle relaxation,10 guided

imagery,11 distraction,12 andmindfulness. Trainings for these skills can

be accessed at any time and are also linked to children’s symptom

reports such that based upon symptom severity, duration, frequency,

and/or distress, children are directed to the skills component of Pain

Buddy. To overcome problems with lack of engagement that have lim-

ited the success of similar applications,13 Pain Buddy includes features

such as a virtual store inwhich children can use coins accumulated dur-

ing use of the skills training exercises to customize their personalized

avatar and purchase additional background themes.

There are several other mHealth interventions targeting pediatric

pain such as WebMap14 and Pain Squad+15 that have been devel-

oped and evaluated. Pain Squad+ is an innovative app that addresses

pediatric pain and allows for real-time communication with health-

care providers. WebMap is an online platform that provides evidence-

based pain management skills training for pediatric pain. However,

Pain Buddy is unique because it combines all of these elements and

focuses specifically on cancer-related pain and symptoms, contains

real-time communication features with healthcare providers, and has

extensive painmanagement skills training instruction, including strate-

gies such asmindfulness, imagery, and distraction that can be practiced

over time to develop competency.We have previously reported on the

development and usability/feasibility testing of Pain Buddy.5 The pur-

pose of this paper is to present preliminary findings from a pilot study

examining the efficacy of Pain Buddy for reducing reports of average

pain and instances ofmoderate to severe pain using a randomized con-

trolled trial over a period of 60 days.We hypothesized that individuals

in the intervention group would report greater reductions of average

daily pain and fewer instances ofmoderate to severe pain than those in

the control group.

2 METHOD

2.1 Design and participants

A prospective, observational cohort study was conducted to investi-

gate the efficacy of Pain Buddy. This trial was approved by the Institu-

tional Review Boards at Children’s Hospital of Orange County (CHOC

Children’s) and the University of California-Irvine and registered with

ClinicalTrials.gov (NCT03384134). Figure 1 presents a CONSORT

flow diagram of participant recruitment. Children were eligible to

participate if they were between the ages of 8 and 18 years, currently

undergoing cancer treatment at a major children’s hospital, had home

internet access, and were able to speak, read, and write in English.

Participants were excluded if they had a cognitive or developmental

delay that would prevent them from being able to use Pain Buddy. A

total of 447 children were assessed for eligibility and 48 children com-

pleted the study (see Table 1 for demographics). Our sample size was

determined based on published recommendations for pilot studies16

and expected effect sizes from similar studies.15 The majority of

participants (71%)were diagnosedwith acute lymphoblastic leukemia.

2.2 Procedures

Parents and children were approached in outpatient clinics, assessed

for eligibility, and consented to participate. Parent consent forms and

questionnaires were available in English or Spanish. After undergo-

ing the consent and training processes, all children completed baseline

assessments and were randomly assigned to the intervention (n = 20)

or attention control group (n = 28). Randomization was stratified by

age (8-10, 11-14, and15-18) and then time sincediagnosis (<6months,

6-12 months, +1 year) by eight project researchers using an online

randomization generator. Participants in both conditions were pro-

vided with the Pain Buddy application on a study-specific Android

tablet and instructed to complete twice-daily symptom diaries (once

in the morning and once in the evening) in English using the memo-

rial symptom assessment scale (MSAS)17 and adolescent pediatric

pain tool (APPT).18 The MSAS evaluated the frequency, severity, and

distress related to particular symptoms since the time of their last

diary entry. If pain was endorsed on the MSAS, children filled out

the APPT to report their pain intensity. Both groups were instructed

to complete these surveys each day; however, only the intervention

group had access to the skills training and remote symptommonitoring

components.

For children in the intervention group, an algorithm was used to

determine if their pain ratings met a certain threshold that warranted

intervention, which included notification of a nurse practitioner

(NP) via the remote symptom monitoring component. The algorithm

triggered notification if a pain rating was over 7.5, or if there was a

combination of reporting significant frequency, severity, and distress
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F IGURE 1 Participant flow diagram through the Pain Buddy pilot study

of the pain (see Fortier et al.5 for full description of intervention

algorithm). Symptom alerts were immediately sent to the NP, who is a

member of the oncology treatment team andwas the only NP involved

in this study. The alerts were treated as a “sick call,” wherein a family

contacts the clinic when a child is experiencing new or worsening

symptoms. The response to the pain alert was not dictated by the

study protocol. That is, the NP handled the pain alert as she would

if a “sick call” had been made. Thus, Pain Buddy does not necessarily

introduce a change in medical treatment but allows for increased and

more immediate awareness of pain data that enables more prompt

intervention. Children used the Pain Buddy program for 60 days in

addition to receiving usual care.

2.3 Measures

2.3.1 APPT

The APPT is a multidimensional, valid, and reliable pain instrument. If

pain was endorsed on the MSAS during a daily diary entry, then chil-

dren were presented with a body outline via the APPT and asked to

select the areas where they felt pain since their last diary entry. Fol-

lowing this step, self-reported pain intensity was reported by the child

on a visual analog scale from 0 to 100 in which the child was asked,

“How much pain did you have, on average, since your last diary entry.”

This type of visual scale has been validated for children 8 to 18 years of

age18.Our primaryoutcomeof averagedaily painwasderived from the

APPT. The secondary outcome considered was instances of moderate

to severe pain, defined as pain episodes greater than or equal to 50.

2.3.2 MSAS

This instrument evaluated the presence, frequency, and effect of par-

ticular symptoms since the time of the last diary entry. Children were

presentedwith a symptomdescription and asked to select “yes” or “no”

if they have experienced it. If the child responded “yes,” then follow-

up questions asked the child to describe the frequency of its occur-

rence, the severity of its impact, and the distress it caused. Children

also had the option to list additional symptoms and associated effects.

This scale has two different versions that are designed for specific age

groups. The MSAS 7-12 assesses eight symptoms and is designed for

children 7 to 12 years old 17. The MSAS 10-18 assesses 30 symptoms

and is designed for children10 to18years old. For this paper, theMSAS
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TABLE 1 Demographic characteristics did not differ by treatment condition

Demographics Intervention, n= 20 Control, n= 28 t/𝝌2/z P

Sex
a

1.34 0.25

Male 12 (63) 22 (79)

Female 7 (37) 6 (21)

Race/ethnicity
a

7.87 0.34

Hispanic 12 (60) 21 (78)

White 5 (25) 2 (7.4)

Asian 3 (15) 2 (7.4)

Other 0 2 (7.4)

Primary language
at home

a
1.79 0.78

English 10 (53) 16 (57)

Spanish 8 (42) 9 (32)

Other 1 (5.3) 3 (11)

Diagnosis
a

3.77 0.44

Leukemias 17 (85) 17 (61)

Lymphomas 1 (5.0) 3 (11)

Sarcomas 1 (5.0) 3 (11)

CNS tumors 1 (5.0) 3 (11)

Other 0 2 (7.1)

Months since
diagnosis

b
19.50 (26.35) 19.39 (20.12) 0.02 0.99

Age
b

12.25 (3.58) 11.86 (3.44) 0.38 0.70

Median family
annual income

c
29 000(14 400-
45 000)

37 500(20 100-
78 750)

−1.11 0.27

Note: Some demographic data weremissing; however, percentages reported reflect the proportion of the available data (i.e., valid percent).
Abbreviations: CNS, central nervous system.
an (%).
bM (SD).
cMedian (interquartile range).

was simply used as a tool to determine if it was necessary for the child

to complete the APPT during that particular diary entry.

2.3.3 Participant characteristics

Parents reported via a demographic survey on child age, sex,

race/ethnicity, primary language spoken at home, and family income.

Diagnosis and time since diagnosis were abstracted from the medical

record.

2.4 Approach to data analysis

Preliminary analyses were conducted to examine group differences on

sociodemographic variables of interest. Independent samples t tests

were used to compare differences in continuous variables (age and

time since diagnosis), a Mann-Whitney U test was used to compare

differences in skewed continuous variables (income), and chi-squared

analyses were used to compare differences in categorical variables

(sex, race/ethnicity, primary language spoken at home, and diagnosis).

Pain severity from the two e-diary pain reports from each day were

averaged together into an average daily pain severity score. Linear

growth curve modeling was used to investigate the trajectory of

pain reports over the course of the study for both groups. Maximum

likelihood estimation was used to handle missing data for growth

curve modeling analyses, and listwise deletion was used for all other

analyses. Average daily pain scores were checked for skewness and

kurtosis, with results showing left-skewness. Therefore, a Mann-

Whitney-Wilcoxon rank-sum test was used to test for differences

between the intervention and control groups on average daily pain

severity. The frequency of moderate to severe pain episodes was

compared between groups using an independent samples t test. The

data that support the findings of this study are available from the

corresponding author upon reasonable request.

3 RESULTS

Across both groups, children completed 61.2% of the daily diary

entries. Within the Pain Buddy group, on average children used seven

skills trainings for a total of 15 minutes over the course of the study.

Unconditional linear growth curve analyses indicated that reports of
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F IGURE 2 Average daily pain significantly declined over the
course of the study for both groups. However, there were no
significant differences in pain trajectory between the control and Pain
Buddy groups. Error bars represent 95% confidence intervals

average daily pain significantly decreased over the course of the study

for both groups, B = −0.10, z = −3.40, P = 0.001, 95% CI [−0.1594,
−0.0429]. Mann-Whitney-Wilcoxon tests indicated that the reports

of average daily pain over the course of the study for the Pain Buddy

group were not significantly different than the reports of average

daily pain for the attention control group, z = −0.83, P = 0.40 (see

Figure 2). However, children in the intervention group reported

significantly fewer instances of moderate to severe pain compared

with the control group, t(2145) = 2.67, P = 0.008, 95% CI [0.0036,

0.0235]. Specifically, children in the Pain Buddy condition experienced

six moderate to severe pain episodes compared with 24 moderate

to severe pain episodes experienced by the attention control group.

Furthermore, children in the intervention condition only reported

moderate to severe pain episodes during the first 18 days of the

study, whereas the control group reported these episodes through

day 53.

4 DISCUSSION

Under the conditions of this study, we found that children undergoing

treatment for cancer experiencedadecrease in pain severity over time,

which did not differ between the intervention and attention control

groups. The overall decrease in pain severity for both groupsmay have

simply been due to the time elapsed since diagnosis/treatment. Find-

ings also showed that children in the active intervention condition of

Pain Buddy, that is, children who had access to remote symptommon-

itoring and cognitive and behavioral skills training for pain manage-

ment evidenced significantly fewer moderate to severe pain episodes

over the course of the 60-day study compared with children who only

reported on their symptoms daily. Furthermore, children in the inter-

vention condition did not report anymoderate to severe pain episodes

in the latter parts of the study.

The modest, but promising, effects of Pain Buddy on pain during

cancer treatment are comparable to similar mHealth pediatric pain

intervention studies.19 Similar to the effects ofWebMap,15 which also

provides evidence-based pain management skills training for pediatric

pain, both groups in the present study demonstrated pain reductions

over the course of the study, but there were no significant differ-

ences in the change of pain intensity between the attention control

and intervention groups. However, our trial uniquely demonstrated

that children in the intervention group reported fewer instances of

moderate to severe pain over the course of the study. This implies

that Pain Buddy may be particularly advantageous for assisting

children who have significantly elevated levels of pain and also has

implications for outcomes of pain intervention studies. Furthermore,

similar interventions with mobile pain assessment and real-time

pain management support, such as Pain Squad+, have demonstrated

comparable adherence rates for pain assessment completion and have

been shown to reduce pain for children14; however, efficacy has not

yet been demonstrated in a randomized controlled trial. Thus, this

pilot study of Pain Buddy offers several distinctive contributions to

the pediatric mHealth literature.

More specifically, when placed in the context of existing literature,

our findings suggest that it is likely that pain experienced by children

during cancer treatment decreases over time, perhaps regardless

of the various interventions examined. This was demonstrated both

in a prior examination of Pain Squad+ and in the findings of the

present study; that is, users of the previous interventions experienced

significant reductions in pain severity over time. However, the prior

evaluation of Pain Squad+ did not contain a comparison group and

was an examination of pain over time in one group of children using

the intervention. Conversely, the present investigation evaluated Pain

Buddy using an RCT study design, which allowed for a comparison

of the intervention to an attention control group. This provided an

opportunity to discern whether the intervention itself had an impact

on pain severity or whether pain severity simply decreases over time

throughout cancer treatment and/orwhethermonitoring pain perhaps

contributes to reductions in pain severity over time. By comparing

pain monitoring (our attention control group) with monitoring, skills

training, and remote symptom assessment (our intervention group),

we were able to discern potential active treatment components. In

fact, whereas we did not see significant group differences in pain

severity over time, suggesting that either the act of monitoring influ-

ences pain severity or severity decreases as an effect of time, we did

see significant impacts of the intervention on the frequency of painful

episodes over time. Thus, our between-subjects comparison of the

intervention and attention control groups advances our understanding

of the impact ofmHealth interventions for pain by suggesting that pain

severity may not be the most important outcome of interest and that

these interventions may be particularly efficacious for reducing the

frequency of pain episodes over time rather than average pain severity

over time. Accordingly, this study informs important outcomes when

assessing the impact of mHealth interventions for cancer-related pain

by suggesting that focusing exclusively on pain severity may not be

sufficient and perhaps broadening the focus to assess pain episodes

as well is more indicative of the targeted impact of interventions

that include both pain monitoring and skills training. Moreover,
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these findings indicate that Pain Buddy is a promising mHealth

intervention for pain management in children undergoing cancer

treatment.

4.1 Limitations and future directions

Although it was expected that the intervention group would experi-

ence significantly greater reductions in pain over the course of the

60-day study compared with the attention control group, this was

not the case. It is likely that because pain reports were skewed (the

median was 0 for both groups), there may have been a floor effect that

limited the potential effectiveness of the intervention. Thus, it may be

important to focus on childrenwho are actively experiencing pain with

such an intervention. Furthermore, engagementwith the skills training

was lower than expected in this trial and may have hindered the

effectiveness of the intervention. Efforts to increase engagement with

mHealth interventions are vital. Finally, because this was a pilot study,

the participant sample was small, whichmay have limited the findings.

Based upon this initial pilot, we are currently conducting a large-

scale, multi-site trial of Pain Buddywith the aim of gathering effective-

ness data. These early results guided several modifications to the Pain

Buddy program as well as our procedures and patient population in

order to increase engagement and be able to focus on a broader range

of outcomes. More specifically, we gamified Pain Buddy to increase

engagement, are recruiting only children who have experienced clin-

ically significant pain in the month prior to study enrollment, andare

recruiting children who are within the first 16 weeks of a cancer diag-

nosis, a period when pain may be at its highest.20 Once we complete

our effectiveness trial, our goals are to examine ways in which Pain

Buddy may need to be tailored to be relevant to specific populations

(e.g., a wider age range, different cultural backgrounds) as well as to

partner with hospitals in order to make Pain Buddy available to chil-

dren undergoing cancer treatment. Pain Buddy data are clinically rele-

vant, are designed to improve the clinical care of children undergoing

cancer treatment, and couldultimately becomepart of a child’smedical

record.

Our goal is to bridge the gap in knowledge translation in the man-

agement of pain in children undergoing cancer treatment and demon-

strate that the use of mHealth programs such as Pain Buddy will pro-

vide an avenue in which to accomplish this aim. Continued stakeholder

involvement in the development of Pain Buddy, large-scale efficacy

testing, and dissemination to those in needwill ensure that Pain Buddy

continues to have a positive impact on pediatric painmanagement.
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