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Abstract

Background: Socialy assistive roboticsis agrowing areafor geriatric research.

Objective: This single-blind, randomized controlled trial (RCT) aims to investigate the use of PARO, a therapeutic, socially
assistive pet robot, in improving mood, and stimulating social interaction and communication for people with dementia in the
community.

Methods: For the study, 40 community-dwelling older Chinese adults (=60 years) with mild to moderate dementia will be
recruited and randomly assigned to the PARO therapy group or the psychosocial activities control group. Both treatments consist
of six, 30-minute weekly sessions, which will be conducted in a geriatric day hospital. Subjects in both groups will be assessed
by atrained research assistant at baseline (pre-), during, and post-treatment. Mood (assessed with asimplified face scal€), socia
interaction, and communication (ie, facial expressions and reactions towards each treatment, assessed with an observation table)
will bethe primary outcome measures. Secondary outcome measureswill include assessments on cognitive function (Mini-Mental
State Examination) and depressive symptoms (Cornell Scale for Depression in Dementia), as well as caregiver burden (Zarit
Burden Inventory). Subjective impression towards each treatment and qualitative comments from the caregivers, facilitator, and
therapists will also be obtained.

Results: Recruitment to the pilot study beganin 2014 and the last subject is expected to compl ete their post-treatment assessment
in 2015.

Conclusions: Thiswill bethefirst RCT using PARO to improve mood, and stimulate social interaction and communication in
the care of older people with dementia, aswell as provide an evidence basisfor the use of PARO in dementia carein Hong Kong.
Trial Registration:  The Australian New Zeadland Clinical Trias Registry (ANZCTR): ACTRN12614000037606;
https.//www.anzctr.org.au/Trial /Registration/Trial Review.aspxPACTRN=12614000037606 ~ (Archived by WebCite at
http://www.webcitation.org/6Xi7uXdu9).
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Introduction

With a rapidly ageing population, dementia has become an
important public health issue worldwide [1]. In Hong Kong,
there are over one million people aged 60 and above who had
dementia in 2009, and by the year 2039, this is projected to
increase to over three million [2]. Non-pharmacological
interventions are recommended as the preferred first-line
treatment for people with dementia [3,4], with cognitive
stimulation therapy being the most studied [5]. Thefinding from
arecent systematic review of cognitive stimulation therapy on
optimizing cognitive function of older adults with mild to
moderate dementia was comparatively robust and promising.
However, the majority of studies have focused on cognitive
abilities (eg, memory performance, problem solving, and
communication techniques), and the effects on psychological
and social aspects remain inconclusive [6,7].

Activities, especially in group settings such as social support
groups, may be of psychological and social benefits to people
with dementia by reducing depression and improving quality
of life [8]. Yet, a great challenge remains with respect to how
to stimulate these older people to respond and participate in
such activities. Furthermore, owing to alack of manpower for
many day care centres in Hong Kong [9], few provide
stimulating social activitiesfor those with dementia. Asaresult,
older adults with dementia spend most of thetime sitting around
in an environment that is not home, only effectively providing
respite care for their family caregivers. Inadequate social
engagement can be detrimental, as it magnifies the feelings of
loneliness that often accompany the progression of dementia
[10]. Other studies have also associated low social engagement
with cognitive decline [11] and increased mortality [12].

In recent years, socialy assistive robots have been devel oped
for elderly care, particularly companion robots [13,14].
Anecdotal reports, as well as two systematic reviews to date,
suggest that robot-assisted therapy isapotentially cost-effective
treatment for dementia asit has the potential to improve mood,
encourage social interaction and communication, and therefore
enhance thewell-being of the elderly, and decrease the workload
of their caregivers [15,16]. Furthermore, the reported
psychosocial effects have been more striking than the results
achieved by conventional therapies[17].

Amongst the recent literature on the use of socially assistive
robotsin elderly care, the most widely studied isPARO (Figure
1). PARO isatherapeutic, socially assistive pet-type robot with
an appearance of ababy harp seal, and is equipped with different
kinds of sensors, including tactile, light, audition, temperature,
and posture. Thus, it can respond to different stimulations (eg,
striking and holding) given by the users, or recognize the

http://www.researchprotocols.org/2015/2/e45/

direction of voice from them. It was designed by Shibata et al
[18], and has been used with positive and promising results
since 2003 in many countries including Japan, Denmark,
Canada, Italy, and the United States [19-22]. In 2009, PARO
was certified asatype of neurological therapeutic device by the
Food and Drug Administration (FDA) in the United States
(Registration number: 3009118691) [23]. In 2010, acaregiver's
manual for robot therapy was published to achieve effective
therapy [24,25].

Severa intervention trials demonstrated promising effects of
participating in PARO therapy in increasing motivation,
improving mood, reducing stress, and increasing socia
communication in elderly people [22,26-28]. Positive effects
of PARO therapy on mood, socia interaction and
communication, as well as cortical neuron activity have aso
been reported in people with dementia[21,29,30]. A recent pilot
randomized controlled trial (RCT) reported that for older people
with dementia, PARO therapy had a moderate to large positive
influence on their quality of life [31]. More recently, the
potential therapeutic benefits of PARO for the treatment of
neurological diseases have also been published [32]. Although
positive effects of PARO therapy in people with dementia or
other brain disorders have been reported in various popul ations,
many were observational studies or involved small numbers of
subjects. Other interventions, such as animal-assisted therapy,
appeared to have beneficial effects on mood, and increased
social interaction and communication in people with dementia
[33-35]. However, there are many concernswith animal-assisted
therapy such as allergies, cleanliness, and the unpredictable
nature of live animals.

To date, the potential benefits of PARO therapy in Hong Kong
Chinese have not been systematically examined. Given the
successful application of PARO therapy, and the encouraging
findings of its positive effects on mood and social interaction
and communication, it is suggested that PARO therapy is both
feasible and acceptable to elderly people with dementia.
Therefore, in this study protocol, we describe the design of a
RCT aiming to confirm the findings of our pilot data (see
Piloting in the Method section), by providing an evaluation of
the effectiveness and benefits of the use of PARO in dementia
care in Hong Kong.

The primary objective of the present study isto examinewhether
robot-assi sted intervention using PARO in older Chinese adults
with mild to moderate dementiaimproves mood, and stimulates
socia interaction and communication compared to psychosocial
activities by conducting a methodologically rigorous RCT.
Secondary objectives are to examine the effects of PARO
therapy on cognitive function, depressive symptoms, and
caregiver burden compared to those of psychosocial activities.
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Figurel. PARO, asocial robotic seal.

Methods post-treatment. The study will be carried out in Shatin Hospital,

ageriatric day hospital located in Shatin, New Territories, Hong
Kong. The protocol for this study was registered with the
o ) ] ) Austrdian New Zealand Clinica Triads Registry
This is a single-blind RCT comparing PARO therapy and (ACTRN12614000037606) and has been approved by the

psychosocial activitiesin the elderly with dementia. Treatment  ¢jinical Research Ethics Committee of the Chinese University
outcomes will be assessed at baseline (pre-), during, and ¢ Hyong Kong. The study design is detailed in Figure 2.

Study Design
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Figure2. Flow chart of the study design. * Indicates the target number of subjects. CDR: Clinical Dementia Rating, CMAI: Cohen-Mansfield Agitation

Inventory, and MM SE: Mini-Mental State Examination.

Enrolment

Community-dwelling older Chinese adults aged 60 years and above

[ MMSE 10-24, CDR 1 or 2 |

v

No agitating behaviour occurring in past
two weeks, as defined on the CMAI

Excluded (n=)
® Not meeting inclusion criteria (n=)
- At least one behaviour occurring at

y

least once per two weeks, as defined
on the CMAI

® Declined to participate (n=)

® Other reasons (n=)

| Pre-treatment assessment |

Randomized (n=) |

'

!

Allocated to intervention group (n=20%) |

Allocation |

Allocated to control group (n=20%)

six sessions in six weeks

six sessions in six weeks

® Received allocated treatment (n=20%) |

Assessment during each session |

® Received allocated treatment (n=20%)

® Did not receive allocated treatment
(give reasons) (n=)

® Did not receive allocated treatment
(give reasons) (n=)

| Follow-up |

y

v

Lost to follow-up (give reasons) (n=) |

Post-treatment assessment, six weeks |

Lost to follow-up (give reasons) (n=)

Discontinued treatment (give reasons) (n=)

Subjects

Overview

The study population will include 40 community-dwelling ol der
Chinese adults with mild to moderate dementia. Recruitment
will occur through clinical referrals from community dementia
day care centres, geriatric outpatient clinics, nurse-led memory
clinics, and day hospitals. Those who are potentialy eligible
will beinvited to aface-to-face screening assessment including
an dlicitation of a medical history, medications, and
hospitalization for eligibility confirmation. To be eligible for
the study, subjects must meet theinclusion and exclusion criteria
described in the following sections.

Inclusion Criteria

Community-dwelling older Chinese adults aged =60 yearswill
be screened using the Mini-Mental State Examination (MM SE)
[36,37]. Those who score between 10-24 with a diagnosis of
dementiawill be screened for eligibility to the study. Diagnosis
of dementia will be based on the Diagnostic and Statistical
Manual of Mental Disorders (DSM-1V). Severity of dementia
will be determined using Clinical Dementia Rating (CDR), a
widely used clinical staging instrument for dementia [38,39].
Subjects with mild to moderate dementia (CDR 1 or 2) will be

http://www.researchprotocols.org/2015/2/e45/

Discontinued treatment (give reasons) (n=)

further assessed for the presence of agitated behaviour using
Cohen-Mansfield Agitation Inventory (CMAI) [40].

Exclusion Criteria

Individuals who exhibit any behavioural and psychological
symptoms of dementia (at |east oneitem of CMAI scoring =2)
will be excluded from the study. Subjectswill also be excluded
if they have severe medical conditionswhich limit their abilities
to complete the course of treatment. Concurrent psychotropic
medication will be allowed without restriction, but any change
in psychotropic prescriptions over the course of the treatment
period will be monitored. In addition, those who are currently
participating in other studies, experimental therapies, or blinded
treatments will be excluded.

Informed Consent

For eligible individuals, the study will be introduced to the
subjects and their caregivers. Written informed consent will be
obtained from every eligible subject agreeing to participate, as
well astheir caregivers prior to the study. If asubject is unable
to givewritten informed consent, proxy consent will be obtained.

Basaline Assessment and Randomization

After obtaining written informed consent, a baseline
(pre-treatment) assessment will be performed. Subjects will be
randomized into either the intervention or the control group. A
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study coordinator will randomize subjects by means of a
computer-generated list of random numbers in blocks of six,
stratified by gender. Treatment assignments will be concealed
in consecutively-numbered sealed envelopes, which will be
opened sequentially upon subject enrollment. As it is a
single-blind study, the subjects and the study coordinator will
not be blinded to the treatment assignment. However, the study
coordinator will not take outcome measurements. All
investigators and outcome assessors will be blinded to the
treatment assignment.

I ntervention Group

The PARO therapy will take place for 30 minutes once a week
over a six week period, and will be delivered in a quiet room
that isisolated from the common unit (ward) in the Occupational
Therapy Department of Shatin Hospital, with minimal
environmental distractions. The number of sessions, the length
of each session, and the time frame of this study were decided
based on the results of our pilot study (see Piloting of this
section) and other PARO intervention studies which reported
small or significant changes in mood, socia interaction, and
communication [15]. Given this, one 30-minute session per
week for six consecutive weekswould allow sufficient timefor
identifying significant changes, and would also reduce the
burden of commitment for subjects.

The PARO therapy will beddiveredin astructured, small-group
approach, in which a group of three to four subjects will be
arranged to sit around a table with PARO in the centre. The
subjectsin each group can be substituted by subjectsfrom other
groups to optimize the chance of conducting each session. A
facilitator who is familiar with the PARO caregiver's manual
will deliver the PARO therapy. Research team therapists will
train the facilitator and monitor the sessions.

The PARO therapy is based upon a standardised framework,
and involves activities around the concepts of engaging, social

http://www.researchprotocols.org/2015/2/e45/
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interaction, and communication. There are six stages/themes,
including (1) introducing PARO, (2) baby-sitting PARO, (3)
grooming PARO, (4) feeding PARO, (5) making over PARO,
and (6) wardrobe PARO. During each session, the facilitator
will show PARO to each subject and demonstrate how PARO
responds. Subjectswill be encouraged to touch and hold PARO,
describe the features and appearance of PARO, and help take
care of PARO. The session will proceed for at least 30 minutes.
With one session per week, there will be at least atotal of 180
minutes of the treatment in the six week period.

Control Group

Subjects assigned to the control group will beinvited to practise
a variety of psychosocia activities including a range of table
games (eg, Chinese checkers, Jenga, board games etc). The
activities will be held on exactly the same schedule as the
intervention group (one 30-minute session per week for six
weeks). All activities will be carried out in groups of three to
four subjects, and will be facilitated by the same facilitator of
the intervention group. The sessions will proceed for at least
30 minutes. With one session per week, there will be at least a
total of 180 minutes of the treatment in the six week period.

Outcome M easures

Measurement of outcomes will take place at pre-, during, and
post-treatment. Mood, social interaction, and communication
(ie, facial expressions and reactions towards each treatment)
will be the primary outcome measures. Secondary outcome
measures will include cognitive function and depressive
symptoms, as well as caregiver burden. Pre-treatment and
post-treatment assessments will be administered by a trained
research assistant who will remain blinded to group allocation.
Outcome measures administered at each time point are described
in Table 1. Attendance at each session will be recorded for all
subjectsin the study.
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Table 1. Schedule of assessments.

Yuet a

Assessments Screening Pre-treatment Treatment ses-  Post-treatment
sion number
123456

MMSE? Ve v

CDRP v

CMAI® v

Demographics, lifestyle, and socia characteristics v

Simplified face scale VAR ARVARVARVARY

Observation table® VIV AV

CsSDD® v v

zBI' Vv v

Subjective impression questionnaire VAR ARVARVARVARY

Qualitative comments from caregivers, facilitator, and v

therapists

aMini-Mental State Examination (MMSE)

BClinical Dementia Rating (CDR)

®Cohen-Mansfield Agitation Inventory (CMAI)

dFacial expressions and reactions towards each treatment
€Cornell Scale for Depression in Dementia (CSDD)
fZarit burden interview (ZBl)

9The V indicates at which point of the study the respective assessments will take place.

Demographics, Lifestyle, and Social Characteristics

Demographic information such as age, gender, marital status,
educational background, living status, lifestyle factors (eg,
smoking and alcohol intake), social supporting network (eg,
measures of participation in day care centre, cognitive/memory
training, community activities, and supporting groups), attributes
of the owners of pet (ie, animal preference, ever kept pets, and
plan to keep pets) [41], and child care experiences will be
extracted from pre-treatment questionnaires.

Primary Outcomes

Simplified Face Scale

A simplified face scale will be used to assess mood state before
and after each session. This very brief, pictorial scale of mood
uses a segquence of 7 faces and does not require reading literacy
[27]. The original face scale contains 20 drawings of asingle
face arranged in serial order by rows, with each face depicting
a dlightly different mood state [42]. However, sometimes the
subjects were confused by the original face scale because it
contained too many similar images. Thus, the scale was
simplified by using only 7 images from the original set. The 7
faces range from very happy at the left to very sad at the right.

Observation Table

In order to objectively examine changes in subjects’ social
interaction and communication (ie, facia expressions, and
reactions towards PARO or the psychosocia activities),
treatment sessions will be videotaped and charted on an
every-minute basis with an observation table by reviewing the

http://www.researchprotocols.org/2015/2/e45/

videotaped clips after each treatment session. The observation
table is a modified version of the one originally developed by
Wada et a [24]. Responses will be classified into several
categories, including expression, gaze, and interactions with
PARO or the psychosocial activities, other subjects, facilitator,
and therapists. The frequency of each response will be added,
and depending on the duration of each session, the highest
possible item-score is 30. The amount of time spent on verbal
encouragement (prompting) offered will also be recorded.

To assess the inter-rater and intra-rater reliabilities of the
modified observation table, a convenience sample of 11
community-dwelling older Chinese adults with mild cognitive
impairment or mild to moderate dementia with a mean age of
80.5 (range 73-88 years, SD 4.9), of which 82% (9/11) were
female, and with amean MM SE score of 16.5 (range 9-24, SD
5.9) wererecruited to receive asingle 30-minute PARO therapy.
The therapy sessions were videotaped and observed by two
raters (one occupational therapist and one medical researcher)
who independently marked the subjects’ facial expressionsand
reactions towards PARO on the modified observation table on
an every-minute basis (with standardized rating criteria), on
two different occasions with an interval of two to four weeks.
Intraclass correl ation coefficient (1CC) was used to measure the
reliability of the ratings. The ICC of the inter-rater reliability
was.95-1.00 and the |CC of theintra-rater reliability was.87-1.00
[43].
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Secondary Outcomes

Mini-Mental State Examination (MMSE)

The Mini-Mental State Examination (MMSE) is a validated
scale to assess cognitive performance in both research and
clinical settings[36]. It contains 20 items and scores range from
0-30, with a higher score denoting better cognitive function.
The Chinese version of the MMSE has good psychometric
properties, with satisfactory internal consistency (Cronbach’s
alpha=.86) and test-retest reliability (alpha=.78), and good
inter-rater reliability (ICC=.99) [37].

Cornell Scale for Depression in Dementia (CSDD)

The Cornell Scale for Depression in Dementia (CSDD) is a
validated scale used to assess the signs and symptoms of major
depression in patients with dementia [44]. The information is
elicited through two semi-structured interviews, one with the
patient and one with the caregiver. The scaleisdivided into the
following five sub-scales (1) mood-related signs, (2) behavioural
disturbance, (3) physical signs, (4) cyclic functions, and (5)
ideational disturbance. There are 19 items, of which each can
be given a score ranging from O (absent) to 2 (severe). Thetotal
score ranges from 0-38; a higher score denotes greater levels
of depression. The Chinese version of the CSDD demonstrated
satisfactory internal consistency (Cronbach’s alpha=.84) and
inter-rater reliability (kappa=.43-.89) [45,46].

Zarit Burden I nventory (ZBI)

The Zarit Burden Inventory (ZBl) isavalidated scale to assess
caregiver burden [47]. It contains 22 items, each of which can
be given a score ranging from 0 (never) to 4 (nearly aways).
Thetotal scorerangesfrom 0-88; ahigher score denotesgreater
perceived caregiver burden. The Chinese version of the ZBI
showed a good internal consistency reliability (1CC=.99, split
half correlation coefficient=.81) [48].

Other Assessments

Subjective | mpression Questionnaire

Subjective impression of PARO will be assessed at the end of
each session of the PARO therapy by adopting four items from
studies conducted by Shibata et al [29,49], with two of them
reflecting subjects’ preference towards PARO and the other two
for understanding their own feelings when interacting with
PARO and their readiness to receive the PARO therapy. The
four questions are (1) Is PARO cutelugly?, (2) Do you
like/dislike PARO?, (3) Is playing with PARO fun or boring?,
and (4) Do you want to play with PARO again? For the group
assigned to the psychosocial activities, four similar questions
will be used (1) Isthe activity interesting/not interesting?, (2)
Doyou like/didikethe activity, (3) Isthe activity fun or boring?,
and (4) Do you want to join the activity again?

Qualitative Comments

Qualitative comments from the caregivers, the facilitator, and
the therapists will also be obtained from semi-structured
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qualitative interviews. Interviews will be conducted within one
month of compl eting the treatment program. For the caregivers,
the interviews will explore their perceptions of the impact of
dementia on the subjects daily lives, experiences of the
interventions that were designed to improve mood and
encourage socid interaction and communication since diagnosis,
and feedbacks after the treatments. For the facilitator and the
therapists, the interviews will dicit information about the
subjects’ reactions towards each treatment. Furthermore, the
challenges of subject recruitment, treatment implementation,
as well as the factors associated with interest in engagement
and adherence of the treatments will also be obtained.

Piloting

Prior to the study, a pilot study was performed to explore the
feasibility and potential benefits of PARO therapy in older adults
with dementia. Using a pre-post single group design,
community-dwelling older Chinese adults with mild cognitive
impairment or mild to moderate dementia were recruited to
receive six sessions of the PARO therapy (one 30-minute session
per week for six consecutive weeks) in Shatin Hospital. The
PARO therapy was delivered in a structured, small-group
approach, in which agroup of 3-4 subjects were arranged to sit
around a table with PARO in the centre. An occupational
therapist familiar with the PARO caregiver’'s manual delivered
the PARO therapy (Figure 3). The mean age of the 7 subjects
that completed the PARO therapy was 78.6 (range 72-87, SD
5.3), of which 43% (3/7) were femal e, and with amean MM SE
score of 19.3 (range 16-22, SD 2.8). Using the Wilcoxon signed
ranks test, there was a significant improvement in mood, as
evaluated by the simplified face scale, following the PARO
therapy (P=.02). Socia interaction and communication was
evaluated by video analysis of facial expressions and reactions
towards PARO using a time sampling method where the 30
minutes of video were divided into 30 units, and each one
minute unit was checked for the occurrence of each facia
expression and reactions towards PARO. The analysis showed
that the frequency of neutral expressions during the six
30-minute sessions was high (mean observed frequency of the
Six sessions was 27 minutes out of 30 minutes), followed by
smile (13 minutes out of 30 minutes), and laugh (9 minutes out
of 30 minutes). Furthermore, all subjects gently stroked or held
PARO during the interaction, and talked directly with PARO
in adyadic relation as if it was ared living pet. In addition,
there was a positive trend in depressive symptoms, as eval uated
by CSDD (P=.03) and a falling trend in caregiver burden, as
evaluated by ZBI (P=.02) immediately following the PARO
therapy. All subjects completed the six-session PARO therapy,
with the attendance rate of 100%. Thus, our findings provide
important preliminary support for the use of social robot in
engaging older patientswith dementiain aday care setting. The
guestionnaires and assessment protocol s have been pilot-tested.
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Figure 3. PARO therapy.
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Sample Size Calculation

Sample size calculations were based on the effects on mood in
the pilot study: asample size of 15 subjects per group will allow
us to detect differences among the mean values of face scale
scores (0.63, SD 0.74) between pre- and post-interventionsusing
one sample t test (alpha=.05 and power=.9). Given that the
attrition rate of 20% was observed in a previous PARO study
of people with dementia [30], we will estimate a more
conservative attrition rate of 25%, and thus we will recruit a
total of 40 subjects.

Statistical Analysis

Double data entry, consistency check, and data cleaning will
be performed prior to dataanalysis. An intention-to-treat (ITT)
analysis will be carried out, in that al available data will be
included, without considering the subjects’ compliance to the
allocated treatment. Mean and standard deviation will be used
for continuous variables while frequency and percentage will
be used to describe the distribution of ordinal and categorical
variables. Unpaired tests will be used for the primary analysis.
Differences between the intervention and control groups in
relation to outcome measureswill be compared using an analysis
of variance (ANOVA) or independent t tests. In order to increase
precision in estimating the effect of interest, the analysis of
covariance (ANCOVA) will be used to take into account the
possible confounding effects of the covariates, such as age,
education, etc. A mixed-model, repeated-measures ANCOVA
will be used to compare the reactions towards each treatment
captured by the observation table in both groups. The effect size
will be computed to show the magnitude and direction of the
effect of theintervention group relative to the control condition
for each outcome variable. Data analyses will be conducted by
SPSS Statistics software. A P<.05 will be taken as the level of
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statistical significance. The 95% confidenceinterval around the
differences will be calculated.

Results

Recruitment to the pil ot study began in 2014 and the last subject
is expected to compl ete the post-treatment assessment in 2015.

Discussion

Significance of the Study

The proposed study is, to our knowledge, the first RCT of the
use of PARO in improving mood, and stimulating social
interaction and communication compared to psychosocial
activitiesin older Chinese adultswith mild to moderate dementia
in a day care setting in Hong Kong. The results could have
particular importance given the rise in the prevalence of
dementiain our society.

Study Strengths and Limitations

The proposed study has several notable methodological
strengths. The use of videotaped observations will allow usto
capture subjects facial expressions and reactions towards each
treatment during the treatment sessions, of which standard
guestionnaires or proxy interviews may miss. The modified
observation table assesses the degree to which people with
dementia will respond with the treatment by videotaped
observation, which has the advantage in that ratings were
specifically developed in the context of socia interaction and
communication between elderly patients with dementia and
PARO or the psychosocial activities and other subjects, the
facilitator, and therapists. Inter-rater and intra-rater reliabilities
of the table have been developed. Another strength of the
proposal is the measurement of various variables including
caregiver burden, and qualitative components from the
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caregivers, facilitator, and therapists, which could reflect mood
and socia behavioursin another perspective.

There are several limitations in the protocol. Although
behavioural and psychological symptoms of dementia occur
frequently in people with dementia, we will confine our study
population to mild to moderate dementia, and will exclude those
with behavioural and psychological symptoms of dementia,
limiting the generalizability of the resultsto awider population.
It has been suggested that interventions for those with
behavioural and psychological symptoms of dementia should
tailor the person’s specific needs and capabilities[50]. Assuch,
an individual-based setting may be more appropriate to those
with behavioural and psychological symptoms of dementia,
while a group-based setting is preferred to examine the use of
PARO in stimulating social interaction and communication.
Moreover, subjects will be recruited through clinical referrals

Yuet a

from community day care centres, clinics, and day hospitals;
they may not represent all older adults with dementia in the
community. In addition, the smplified face scale, CSDD, ZBlI,
and the subject impression questionnaire are self-reported.
Misreporting and non-reporting may occur.

Conclusions

This proposed study will provide an evaluation of the
effectiveness and benefits of the use of PARO in older Chinese
adults with mild to moderate dementia in a day care setting.
Results of this study would showcase anovel activity toimprove
mood, and stimulate social interaction and communication in
community care of older people with dementia, as well as
provide an evidence base for the use of such social robots.
Further research is warranted to examine the use of PARO in
managing behavioural and psychological symptomsof dementia
using individualized approaches.

Conflicts of Interest
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Abstract

Background: Thoracic surgery appears to be the treatment of choice for many lung cancers. Nevertheless, depending on the
type of surgery, the chest area may be painful for several weeksto months after surgery. This painful state has multiple physical
and psychological implications, including respiratory failure, inability to clear secretions by coughing, and even anxiety and
depression that have negative effects on recovery.

Objective: Theaim of thisstudy isto evaluate the effect of a neurofeedback-based intervention on controlling acute post-surgery
pain and improving long-term recovery in patients who undergo thoracotomy for lung resection for non-small cell lung cancer
(NSCLC) at an academic oncologic hospital.

Methods: Thisstudy will be based on a 2-parallel group randomized controlled trial design, intervention versus usual care, with
multiple in-hospital assessments and 2 clinical, radiological, and quality of life follow-ups. Participants will be randomized to
either the intervention group receiving a neurofeedback-based relaxation training and usual care, or to a control group receiving
only usual care. Pain intensity is the primary outcome and will be assessed using the Numeric Pain Rating Scale (NRS) in the
daysfollowing the operation. Secondary outcomeswill include the effect of the intervention on hospital utilization for pain crisis,
daily opioid consumption, anxiety, patient engagement, blood test and chest x-ray results, and long-term clinical, radiological,
and quality of life evaluations. Outcome measures will be repeatedly taken during hospitalization, while follow-up assessments
will coincide with the follow-up visits. Pain intensity will be assessed by mixed model repeated analysis. Effect sizes will be
calculated as mean group differences with standard deviations.

Results:  We expect to have results for this study before the end of 2016.

Conclusions: The proposed innovative, neurof eedback- and rel axation-based approach to support post-surgery pain management
could lead to significant improvementsin patient short and long-term outcomes.

(JMIR Res Protoc 2015;4(2):€52) doi:10.2196/resprot.4251
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acute post-surgical pain; lung cancer; neurofeedback; relaxation; video games; virtual environments
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Introduction

Background

Lung cancer has been the most common cancer worldwide since
1985, both in terms of incidence and mortality [1-3], and it is
among the top five most frequently diagnosed cancersin Italy
[4]. Thoracic surgery appears to be the treatment of choice for
many lung cancers. Nevertheless, depending on the type of
surgery, the chest area may be painful for severa weeks to
months after surgery. Indeed, after athoracotomy, patients often
suffer from a persistent pain [5-7] due to the skin incision or
deeper tissueinjuries, costovertebral joint disruption, resection
or fracture of ribsor sternum, and further irritation of the pleura
by thoracostomy tubes [8,9]. This painful state has multiple
implications, including respiratory failure due to limiting
inspiration (because deep breathing requires stretching the
incision), or an inability to clear secretions by coughing [10].
Acute pain after surgery can become chronic and persist for
more than ayear in 21%-67% of patients[11,12]. Moreover, a
lot of clinical and demographic factors can contribute to the
development of chronic postsurgical pain including
psychological conditions (anxiety or depression states), previous
surgery, other simultaneous pain, injuries of the chest wall,
youth, female gender, and increased level s of pain and analgesic
use in the perioperative period [13].

Cooley et a [14] have shown that ahigh level of post-operative
pain in lung cancer patients may exacerbate the fear that
movement or physical activity will worsen their condition. This
belief can lead to catastrophic appraisals of pain sensations that
promote a self-perpetuating cycle of behavioral avoidance,
hypervigilance, or distress symptoms[15-18], aswell asreduced
social activity and global perceptions of decreased health [13].
Researchers investigating psychological aspects of persistent
pain have shown that the tendency to focus on pain and to
negatively evaluate one's ability to deal with pain, pain-related
anxiety, fear, and helplessness are associated with increased
pain, psychological distress, and physical disability [19].
Post-thoracotomy pain syndrome and its social conseguences
have been also investigated by a nationwide study in Denmark
[20] that highlighted how partial nerveinjury and general pain
hyperresponsiveness influence daily activities, even 12-36
months after surgery.

These data highlight the importance of finding effective, early
interventions in the presence of painful medical procedures
[17,19]. Severd studies have demonstrated the effectiveness of
non-pharmacol ogical techniques (eg, relaxation) that, in addition
to traditional treatments, are able to significantly reduce the
acute pain and distress associated with invasive medical
procedures[21,22]. Patients who undergo relaxation techniques
in different health care settings suffering from acute or chronic
pain have been shown to experience less pain compared to those
who only undergo traditional treatments [23-27]. In particular,
Syrjalaet a [28] conducted astudy to eval uate the effectiveness
of cognitive-behavioral techniques and relaxation in reducing
cancer-related pain and found that patients who received these
type of treatments, in addition to medical care, reported less
pain than the control groups. Although further analyses are
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required [29], relaxation is anon-pharmacol ogical intervention
that may control pain in cancer patients [30].

Many non-pharmacological interventions and interactive new
technologies, such as video games and virtual reality
environments, can greatly impact pain reduction. By playing a
game or being immersed in a virtual environment, users
experience an attentional competition between a highly salient
sensation (pain) and aconscioudly directed focus on some other
information processing activity [31]. The consequence is a
reduced pain perception [32-35], as well as observed changes
at aneuroanatomical level. Hoffman et al [36,37] conducted an
fMRI study to monitor the brain activity in healthy subjects
receiving thermal brain stimulation and showed that virtual
reality alone significantly reduced the worst pain and pain
unpleasantness, as well as pain-related brain activity in the
insula and thalamus. Moreover, combined opioid plus virtual
reality exposure reduced pain reports more effectively than did
opioid alone on all subjective pain measures[38]. These studies
demonstrate that, by distracting subjects from a highly salient
sensation of pain, virtual reality may change not only the
psychological perception of pain, but also the neuroanatomical
networks involved in its modulation [39].

Serious games and virtual realities have been used in different
contextsto modulate pain perception. In arecent review, Keefe
et a [40] affirmed that virtual reality-based behavioral programs
can be used to reduce acute or chronic pain among patients
undergoing different medical interventions and rehabilitation
programs, such as burn wound care, needle-related procedures,
intravenous placement, dental treatments, or postoperative pain.
In addition, actively participating in distracting tasks have effects
not only on concurrent pain experiences, but long term aswell,
such as the vividness of memories associated with a traumatic
event [33], functional performance, energy level, and time of
recovery [34].

Since relaxation, distraction, and new technologies have
beneficial effects on pain reduction, we propose to implement
a research protocol that, by merging these factors, could help
post-operative lung cancer patients to cope with acute pain
generated by surgery. The technology that best suitsour aimis
based on the brain-computer interface (BCl) method, which
enables a quick measure of brain activity while providing a
neurofeedback (based on simple visual or auditory stimuli, or
complex virtual environments) to hel p the user modulate her/his
brain activity to accomplish her/hisintents[41]. One of the most
user-friendly, simple-to-use and low-cost BCI devices on the
market is produced by NeuroSky, who sell a non-invasive, dry
biosensor that can read electrical activity in the brain to
determine attention and relaxation states. The device, called
MindWave, is a portable electro encephalogram (EEG)
developed to capture neural activity using three dry electrodes
(located beneath the ears and the forehead), and decode them
by applying specific a gorithms. The MindWave device provides
information on a user’s delta, theta, alpha, beta, and gamma
brainwave band power levels [42]. The power levels can be
interpreted by comparing them to themselves, and with each
other, to determine relative quantity and temporal fluctuations
[43]. Despite that the MindWave device cannot be used to
deeply and precisely monitor the EEG brain activity, it is
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effective in recording the level of attention and relaxation of
the user through the analysis of brain wave synchronization and
desynchronization [44]. Moreover, the MindWave device works
with engaging applications that help users to improve their
abilities to reach attentive or relaxed states by giving them
specific visual and auditory feedbacksin responseto their brain
activity.

We believe that the MindWave and its associated applications
can benefit patients in the following ways (1) train them in
relaxation techniques, (2) engage them in active tasks, and (3)
by receiving motivation neurofeedback, push them to
continuously improve their performance. Moreover, due to its
ease of use, MindWave can be used by patients the precise
moments they are experiencing acute pain.

Our goal is to help patients with lung cancer post-operative
acute pain gain better control of their symptoms using this
innovative, neurofeedback-based pain-control strategy. We
hypothesize that patients randomized to receive theintervention
will have better pain outcomes, measured by pain intensity, and
better medical and psychological outcomes compared with
patients receiving usual care.

Figure 1. Schematic representation of the trial design.

Gorini et al

Primary Aim
Our primary aim is to evaluate the effect of neurofeedback on

pain control in patientswith lung cancer who have been recently
operated on.

Secondary Aims

Secondary outcomes include evaluating the effects of
neurofeedback on (1) hospital utilization for pain crises, (2)
daily opioid consumption, (3) level of anxiety, (4) participants
pattern of engagement with the MindWave tool, and (5) blood
test and chest x-ray results. Long-term outcomes also include
clinical, radiological, and quality of lifeevaluationsat the 1 and
4 month follow-ups.

Methods

Trial Design

Thisstudy isbased on a2-parallel group randomized controlled
trial design (intervention vsusua care), with multiple in-hospital
assessments and 2 follow-ups (at 1 and 4 months) based on
clinical, radiologica , and quality of life assessments. Follow-ups
will coincide with the follow-up visits. The research design is
shown in Figure 1.

Intervention group Control group
N =40 N =40
MindWave & Focus Pocus + Usual care
Usual care
1 I
1 1
1 1
1 1
1 1
Enrollment and training Day -1 Enrollment
1
i i
1 1
: |
Operation Day O Operation
T
! i
| i
! '
MindWave use (when needed) Pain assessment (every 12
+ Pain assessment (every 12 hours); Hospital utilizations
hours); H.ospl.ta.l utlllz.apons for Day1to5 for pain C.I’ISIS,' Op!0|d
pain crisis; Opioid consumption; Anxiety;
consumption; Anxiety; Pattern Pattern of patient
of patient engagement (once a engagement (once a day)
dav)
1 1
1 1
1 1
1 1
1 1
Clinical and radiological follow- Follow-ups Clinical and radiological
ups + quality of life assessment (1-4 month) follow-ups + quality of life
assessment

Participants

Participants included in this study will be recruited from the
thoracic surgery unit of the European Institute of Oncology

http://www.researchprotocols.org/2015/2/e52/

(IEO), Milan, Italy. To be considered eligible to participate,
patients must fulfill al of the following inclusion criteria (1)
they must be aged =18 years, (2) able to consent for sdlf, (3)
have a primary diagnosis of non- small cell lung cancer
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(NSCLC), and (4) they must have undergone athoracotomy for
lung resection <12 hours prior to the first pain assessment.
Ineligible patients will be defined as those who (1) have any
significant medical or psychiatric comorbidities (other than
depression or anxiety), (2) cognitive impediments that would
prevent them from being able to utilize the MindWave device,
(3) have a known history of substance abuse, and (4) are
simultaneously participating in any other research protocols
that may have an impact on pain intensity.

Recruitment Procedure

All patientswho are planned to undergo athoracotomy for lung
resection at the European I nstitute of Oncology, thoracic surgery
unit, are considered potential candidates for the present study.
Once admitted in the hospital, they will be screened by atrained
research assistant to verify their eligibility. Eligible patients
will be asked to sign the informed consent, and then randomly
assigned to the intervention or control groups. All participants
will be instructed to continue to receive medical care from
physicians as usual. Subjects included in the intervention arm
will be trained on the use of the technology and relaxation
technique prior to the operation by a research assistant. They
will also receive aMindSet device and tablet with the app Focus
Pocus installed on it, for the entire duration of hospitalization

(5 days).
Intervention

Framework for I ntervention

This neurofeedback-based pain-management program is based
on the hypothesis that a relaxation training that provides users
animmediate feedback ontheir performance, aswell asaplayful
environment that moves the patient’s focus from the painful
sensation to a specific task can be effective in reducing acute
pain perception. In fact, the use of engaging and fun mini-games
encourages patients to exercise important psychological
processes that underlie their ability to control their own brain
responses and, consequently, their behavior.

Hardware and Software Equipment

Powered by NeuroSky's Brainwave Technology, the Mindwave
headset is a slim, plastic device which fits comfortably, if not
unobtrusively, over the user's left ear (see Figure 2). The
Mindwave mobile device uses asingle sensor positioned on the
forehead to allow users to view their brainwaves in real-time.
The Mindwave headset picks up the brain’s electrical activity
and dividesthe signal by frequency into varioustypes of waves,
allowingittoinfer how relaxed (asmeasured by alphaand theta
waves) or concentrated (as measured by betaand gammawaves)
users are. In order to allow the headset to filter out non-brain
related electrical activity, a ‘reference’ contact, in the form of
aclip that attaches to the earlobe, is included. The MindWave
mobile device can connect, via bluetooth, to different devices,
and works with most modern operating systems (Windows X
or newer, Mac OS X 10.6.5 or newer) and mobile devices
running Android or iOS. Its battery life is rated at 8-10 hours
with a single AAA battery. Although it will take a minute or
two to adjust the headset the first time the user putsit on, setup
isrelatively simple.

http://www.researchprotocols.org/2015/2/e52/
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The MindWave mobile costs approximately 100 euros (€) and
comes bundled with many free and paid applications, but we
limited our choice to those available for the iPad tablet
specifically asit isone of the most confortable devices (interms
of portability, weight, and usability) that can be used by
bedridden patients. After having tested all the existing iOS-based
apps, we opted for the one called “ Focus Pocus-BrainControl”.
Focus Pocus is a mix of mini-games that uses live brain
electrical activity (ie, EEG) from the NeuroSky MindWave
device to alter the circumstances of the player. What happens
in the game depends on how relaxed the player is. Focus Pocus
attracted our attention for the following reasons (1) ease of use,
and has avery high-quality interface, yet islow in cost, (2) the
games are engaging and fun with aunifying theme, (3) provides
cognitive exercises designed by qualified experts, (4) can be
used anywhere and anytime without specific supervision, (5)
has been aready used for scientific purposes [45,46], (6)
designed to provide an environment to practice the relaxation
skill (other than attention, impulse-control, and memory), (7)
can register the user’straining performance in terms of time of
use and achievements, and (8) rewards the users' progress by
providing them behavior ratings at the end of each trial. With
respect to relaxation, for example, in the Focus Pocus
BrainControl games, the outcome of any relaxing experience
istheresult of the content presented, the environment in which
itispresented, and the person’sreadinessto learn. Thisreadiness
depends on relaxation (a“ state” factor) aswell asbeing ableto
control impulsesand ignoreinterna (into the game) and external
(pain sensation) distractions. In order to guarantee improvement
in performance, the difficulty levels of the games are adaptive,
and can be adjusted on a per game basis to the performance of
the users.

A screenshot of one of the of the Focus Pocus games is shown
in Figure 3. A single electrode on the Neurosky headset (placed
on the forehead) is able to pick up a few smple and
characteristic brainwaves (created by activity in populations of
neurons), some that have been shown to be enriched when the
subject is awake and attentive (eg, betawaves), and some when
the subject isrelaxed (eg, alphawaves). Neurosky has developed
algorithmsto funnel these and other brain wavesinto measures
of “focus’ and “meditation.” In particular, in this game, the
player needsto attain a certain level of meditation to win aduel
with an evil necromancer. Theideaisthat through these different
activities, the players would be exercising mental capacities
that would generalize outside the game (when they experience
acute pain, for example).

For the present protocol, 2 provided tablets and MindWave
mobile devices will be used at the same time on 2 different
patients. They will be given to the patients the day before the
operation and left at subjects bedside for the duration of their
hospital stay. The nurses and the patients will be asked to take
care of the devices. The MindSet device and its sensor contact
points will be cleaned regularly with an alcohol-based cleaner
and a soft cloth included in the MindSet casing to prevent
cross-infection and to guarantee good signal quality.
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Figure 2. The MindWave mobile device.
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Figure 3. A screenshot of one of the Focus Pocus mini-games.

Gorini et al

Procedure

Training

Prior to the surgery (usually the day before), participants will
participate in an in-hospital intensive education (45-60 minutes)
training session when they are not yet experiencing
post-operative pain. During the training, an expert research
assistant will explain to each patient how, when, and for how
long the MindWave and the Focus Pocus app should be used.
After that, the patient will be encouraged to practice the use of
the tool by him/herself under the supervision of the research
assistant. Once the pati ents become autonomous with the device,
the training session will end, and the MindWave and tablet to
be used until their discharge from the hospital will be provided.

I ntervention Group (Neurofeedback and Usual Care)

Patientsincluded in theintervention arm will continue to receive
the standard care consisting of intercostal analgesia and
intravenous pain killers. In addition to it, they will be
encouraged to use the MindWave device to manage their pain
on-demand and every time they think they need it. During the
hospitalization period, patients assigned to the intervention
group will also be asked to evaluate their pain over the past 12
hours on a daily basis until their discharge from hospital.

http://www.researchprotocols.org/2015/2/e52/
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Control Group

Subjects assigned to the control arm will receive only the
standard care. In adjunct, they will aso be asked to evaluate
their pain over the past 12 hours, every day starting from the
operation until their discharge from hospital.

Randomization and Blinding

An independent researcher with no direct contact with the
participants will use acomputer-generated randomization with
a 1:1 ratio and permutated blocks to optimize balance in each
treatment arm. Due to the nature of the study, participants, care
providers, and researchers cannot be blinded for the allocated
treatment. However, the dataanalysiswill be blind, asall of the
patients receive a unique study code, under which their datais
stored in the database.

Outcome Evaluation

Data Collection Materials

We will assess one primary outcome and several secondary
outcomes. A number of validated instruments will be used to
assess the outcomes at multiple time points during the
hospitalization and follow-ups. The patients, both in the
treatment and in the control arms, will be asked to complete
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them at specific time-points without the supervision of the
research assistants. Hospital nurses will be asked if they
completed all the outcome measures, as requested by the
protocol, at the end of each day. Demographic and clinical
information of each participant will be also collected.

Primary Outcome

The primary outcome measurement is pain intensity, measured
asacontinuous outcome. It will be assessed quantitatively with
the Numeric Pain Rating Scale (NRS) [47]. The paper version
of the questionnaire will be self-administered. Participants will
be asked to complete it starting from 12 hours after the
operation, and every 12 hours during the entire hospitalization
period.

Textbox 1. Secondary outcomes measured.

Gorini et al

Secondary Outcomes

Several secondary outcomes will be measured at various time
points during the hospitalization (Textbox 1). Clinical,
radiological, and quality of life will be also assessed at the 2
follow-ups (at 1 and 4 months). The clinical and radiological
assessment is part of the post-operative routine. However, it
will beincluded in the outcome measures of the present protocol
because we expect that a reduction of pain immediately after
the operation can result in a better clinical and radiological
long-term outcome. Quality of life will be also assessed using
the EORTC QL Q-C30 (version 3.0).

«  Thenumber of eventsin which the patient reports severe, uncontrolled, and causing distress pain that requires urgent and unplanned care visits
«  Opioid consumption, measured quantitatively as oral morphine equivalent daily dose
« Anxiety, measured by the State-Trait Anxiety Inventory (STAI) scale

«  The pattern of patient engagement with the MindWave tool, assessed quantitatively by the number and length of time each subject usesit (as
recorded by the software). Usability and satisfaction with the tool will be also investigated.

« A blood test and chest x-ray will be also performed at the end of the hospitalization period in order to determine if the intervention group shows
abetter x-ray outcome and fewer infections, due to more physiotherapy because of reduced pain

Statistical Analysis

Sample Size Estimation

A sample size of 80 subjects, 40 per arm, is sufficient to detect
a difference of 1.5 between the two groups (control vs
intervention) in pain intensity scores, assuming equal standard
deviation of 2.5, using atwo-tailed t test of difference between
means, with 80% power, and a 2-sided alphaof .05. Patientsin
the experimental group who decide to never use the device
during hospitalization will be excluded from the study.

Statistical Analysis

Statistical analysiswill be conducted with the SPSS Software,
version 22, with an alpha of .05 set a priori for al analyses.
Descriptive statistics will be used to summarize baseline
demographic characteristics by study arm. Continuous variables
will be compared between the two groups using a't test and
categorical variables will be compared using a chi-sguare test.
Pain intensity, our primary outcome, measured longitudinally,
will be assessed by mixed model analysis of variance with
treatment assignment as the between-group factor and time as
the within-subject factor. Effect sizeswill be calculated asmean
group differenceswith standard deviations. A similar approach
will be used to analyze continuous secondary outcomes while
categorical outcomes will be analyzed by chi-square tests.

Ethics and I nformed Consent

The hospital internal ethical committee reviewed and approved
the study protocol. Upon meeting digibility criteria, participants
will be informed about the study and asked to sign two copies
of theinformed consent, one for them and the other for the study
team. During the enrollment visit and the entire duration of the

http://www.researchprotocols.org/2015/2/e52/

study, trained research assistantswill be available to answer the
patients' questions and to give them additional information.

Results

We expect to have resultsfor this study before the end of 2016.

Discussion

Principal Findings

The idea to implement this protocol originated from the need
to find an on-demand, pain control strategy that helps lung
cancer patients to better tolerate acute pain that often arisesin
the daysimmediately after surgery. A prompt reduction of pain
is fundamental to reduce the risk of respiratory failure and/or
the inability to clear secretions by coughing, as well as the
probability to develop long-term negative physical and
psychological conditions that can significantly interfere with a
full recovery.

Biofeedback-based training usually guarantees a persistent
learning, even when the machine-guided training ends up [48].
In other words, once users havelearned to control their emotions
through the machine-guided relaxation training, they usualy
become able to practice the relaxation techniques without any
external help. We argue that this can be applicable to the
neurofeedback method, such that, once learned to control pain
through relaxation with the help of the MindWave device,
patients can continue to use the techniques at home, without
the need for any external devices. Therefore, not only effective
immediately after the operation, the hospital training can become
agreat resource to self-manage pain at home. Moreover, giving
patients the concrete opportunity to control their pain on-demand
is fundamental considering that the most acute pain tends to
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appear during the night, when the effect of pharmacological
treatment decreases and the medical support isat a minimum.

Our main endpoint will serve to evaluate the immediate effect
of neurofeedback on pain control. If our results are positive,
this technique could be used in combination with traditional
pharmacological treatments to improve the patients
post-operative experience, reduce the use of analgesic, and
improve long-term physical and psychological outputs.

A challenge of thisresearch protocol isthe use of neurofeedback
to reduce pain perception. While relaxation, virtual reality, and
gaming have been demonstrated to be effectivein reducing pain,
there is no data on the efficacy of neurofeedback and related
applications. Nevertheless, we believe that neurofeedback has
great potential to reduce pain through relaxation for the
following three reasons. First, receiving feedback determined
by a specific mental activation can facilitate behavioral
modifications and learning of relaxation techniques. Second,
compared to traditional visual feedback, a more complex
feedback coming from avirtual game can encourage a greater
involvement of the patient, and consequently, distraction from
the painful sensation. Finally the MindWave system isacheap,
user friendly device that can be easily used by patients without
the supervision of the research assistant.
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and abilities.

Conclusions

To our knowledge, this is the first clinical trial evaluating the
impact of a neurofeedback-based intervention on pain
management. We hope that our results will lead to larger trials
to demonstrate more robust evidence. If our hypotheses are
confirmed, the proposed method can be applied to post-operative
patients and, in general, to patients suffering from acute pain
to reduce care costs and improve overall patient outcomes.
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Abstract

Background: Young people with type 1 diabetes experience elevated levels of emotional distress that impact negatively on
their diabetes self-care, quality of life, and disease-rel ated morbidity and mortality. Whilethe need isgreat and clinically significant,
arange of structural (eg, service availability), psychological (eg, perceived stigma), and practical (eg, time and lifestyle) barriers
mean that a majority of young people do not access the support they need to manage the emotional and behavioral challenges of
type 1 diabetes.

Objective: Theaim of this study isto examine the effectiveness of afully-automated cognitive behavior therapy-based mobile
phone and Web-based psychotherapeutic intervention (myCompass) for reducing mental health symptoms and diabetes-related
distress, and improving positive well-being in this vulnerabl e patient group.

Methods: A two-arm randomized controlled trial will be conducted. Young people with type 1 diabetes and at least mild
psychological distresswill be recruited via outpatient diabetes centers at three tertiary hospitalsin Sydney, Australia, and referred
for screening to a study-specific website. Datawill be collected entirely online. Participants randomized to the intervention group
will use the myCompass intervention for 7 weeks, while at the same time a control group will use an active placebo program
matched to the intervention on duration, mode of delivery, and interactivity.

Results: The primary outcome will be mental well-being (ie, depression, anxiety, diabetes-related distress, and positive
well-being), for which data will be collected at baseline, post-intervention, and after 3 months follow-up. Secondary outcomes
will be functional (work and socia functioning and diabetes self-care), biochemical measures (HbA1c), and mental health
self-efficacy. We aim to recruit 280 peopleinto the study that will be conducted entirely online. Group differenceswill be analyzed
on an intention-to-treat basis using mixed models repeated measures.
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Conclusions: We hypothesize that scores on the outcome measures will improve significantly for young people who use the
mobile phone and Web-based intervention compared to the control group. myCompass is a public health intervention that is
broadly available and freeto use. If effective, the program has the capacity to provide convenient and accessibl e evidenced-based

care to the large group of young people with type 1 diabetes who do not currently access the psychosocial support they need.

Trial  registration: Australian  New  Zeaand

https.//www.anzctr.org.au/Trial /Regi stration/Trial Review.aspx 7 d=366607

http://www.webcitation.org/6Y GdeTODK).

(JMIR Res Protoc 2015;4(2):€50) doi:10.2196/resprot.4032

KEYWORDS

Clinical Trials Registry:  ACTRN12614000974606;

(Archived by WebCite at

type 1 diabetes; depression; diabetes-related distress; Internet intervention; randomized controlled trial

Introduction

Background

Type 1 diabetesis one of the most common chronic diseases of
childhood [1]. Itisaleading cause of global disease burden[2],
and prevalence rates are increasing [3,4]. Insulin deficiency,
the hallmark feature of type 1 diabetes, requires life-long
management of a complex and demanding self-care regimen
that aims to optimize glycemic control and prevent the onset of
potentially fatal short- (eg, hypoglycemia and diabetic
ketoacidosis) and long-term (eg, micro-vascular and
macro-vascular disorders, peripheral nerve disease, and blood
vessal disease) health complications[1]. How well young people
cope with the challenges of type 1 diabetes, while
simultaneously negotiating the normal developmental tasks of
childhood, adolescence, and the transition to adulthood, has
important implications for their overall physical health,
psychological well-being, quality of life, and life expectancy
[5].

People with type 1 diabetes feel challenged emotionally by the
daily hassles, frustrations, and worries that stem from having a
serious and chronic medical condition [6], and are at greater
risk of common mental health problems, especially depression,
than their peers without diabetes [7,8]. This is clinicaly
important because of the links between psychological morbidity
and such adverse health outcomes as greater diabetes symptom
burden and functional impairment, decreased diabetes self-care,
poorer glycemic control, higher rates of diabetes complications,
and failureto transition from pediatric to adult diabetes services
[9-11]. Even mild (subclinical) emotional distress has been
demonstrated in  longitudina  studies to  predict
“worse-than-expected” clinical and psychological outcomesin
adulthood for young people with diabetes, including recurrent
hospital admissions for diabetic ketoacidosis[12].

A meta-analysis of interventions for clinical and subclinical
depression clearly demonstrated the benefits for mental health
and diabetes outcomes [13], yet most young people with type
1 diabetes do not receive the psychological support they need
to manage the emotional and behavioral challenges of their
diabetes [14,15]. Barriers to obtaining psychological support
include insufficient providers of mental health services, poor
mental health literacy (ie, lack of knowledge of signs and
symptoms), the prioritization of physical symptomsintraditional
models of diabetes care, and arange of practical constraints (eg,

http://www.researchprotocols.org/2015/2/e50/

time, lifestyle, and financial) [6]. Furthermore, thereis evidence
that many young people with type 1 diabetes find it difficult to
discuss mental health issues with their health care providers
[15], thus delaying and/or avoiding seeking psychosocial
support. Thereis, therefore, considerable opportunity toimprove
mental and physical health outcomes for young people with
type 1 diabetes by increasing access to psychosocial support
that reduces geographic, temporal, and financial barriers to
access, and offers advantages of user confidentiality and
anonymity.

As an important part of the everyday lives of young people
[16,17], the Internet has demonstrated its potential to overcome
many of the barriers to accessing mental health services [18],
evolving as a popular, efficient, and clinically effective means
of delivering empirically supported psychological interventions
to the public, including people with diabetes [19-22]. Young
people report feding empowered and comfortable exploring
sensitive and stigmatized issues online [23], and online
resources, including websites, forums, and social networking
sites, are increasing in popularity as sources of mental health
support [16,17,24]. Surprisingly, however, thereislittleresearch
examining the efficacy of Internet delivered psychotherapeutic
interventionsfor reducing distress and improving psychological
well-being in young people with type 1 diabetes.

Therefore, the current study seeks to evaluate the feasibility,
acceptability, and clinical effectiveness for improving mental
well-being in young people with type 1 diabetes of a
fully-automated mobile phone and Web-based intervention,
myCompass. Grounded in cognitive behavior therapy (CBT),
the myCompass program has been demonstrated in arandomized
controlled trial (RCT) to reduce symptoms and functional
impairment in members of the community with mild to moderate
levels of depression, anxiety, and stress [25]. Additional pilot
data from an uncontrolled study suggest that not only general
distress but also diabetes-specific emotional problems are
improved (unpublished data by Clarke, Proudfoot, and Ma,
2014).

Study Aims and Hypotheses

Our primary hypothesisisthat young peoplewith type 1 diabetes
who use the myCompass program for 7 weekswill report fewer
mental health symptoms (depression, anxiety, and
diabetes-related distress), and improved positive well-being
compared to an active placebo control group. Our secondary
hypothesis is that use of myCompass will lead to greater
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functional gains (diabetes self-care, and work and socia
functioning), and improvements in glycemic control than the
comparison intervention.

Clarkeet al

active placebo intervention, and each group will have full
program access for 7 weeks. Outcomes will be assessed at
baseline, post-intervention (8 weeks), and three months

Methods

follow-up (Figure 1).

Study Design

A 2 (conditions) x 3 (time) RCT design is planned. Participants
will be randomized to either the myCompass intervention or an

Figure 1. Study flow chart.

Patient referred to study
website during routine visit to
outpatient diabetes clinic

v

Self-assessment of interest in
taking part based on
information contained in
study website

v

Online informed consent

v

Online assessment of
eligibility based on
demographic, disease-related
and symptom criterion

Excluded: Do not meet inclusion
criteria

Online baseline measurement ----f Excluded: Do not complete
v . baseline questionnaire

Extraction of recent HbAlc
result from medical records
(test conducted up-to three
months prior to or on the date
of baseline assessment)

v

Randomisation

v

Intervention condition

myCompass for 7 weeks

Post-intervention assessment

v

Attention control condition
Placebo for 7 weeks

Post-intervention assessment

(8 weeks) i Attrition  }--- (8 weeks)
Follow-up Follow-up
3 months after completion of O — 3 months after completion of
intervention [Tt Attrition {777 intervention

Participants

Recruitment

Participantswill beyoung peoplewith type 1 diabetesrecruited
via diabetes services at three hospitals in Sydney, Austraia:

http://www.researchprotocols.org/2015/2/e50/

RenderX

The Sydney Children’s Hospital, Westmead Hospital, and St
Vincent's Hospital. Clinical staff at each service will provide
potential participants with written information about the study
and an invitation to take part during aroutinevisit. Information
will describe the study and instruct interested individuals to
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access a study-specific website to complete an online consent
form and screening survey.

Eligibility

Young people will be eligible for the trial if they are an
Australian resident aged between 16-25 years (inclusive), have
an email address and Internet access (via mobile phone, and
computer or tablet), were diagnosed with type 1 diabetes by a
specialist clinician, and have at least mild symptoms of
psychological distress. In light of research suggesting that mental
health problems (especialy those in the subclinical range) in
people with diabetes may, in part, reflect disease-specific

Textbox 1. Inclusion and exclusion criteria.

Clarkeet al

distress [26], and given calls for routine screening of both
general and diabetes-specific distress in diabetes patients [27],
ayoung person will meet our inclusion criteria if they have a
mean score of =2 on the Diabetes Distress Scale (DDS) [28],
and/or a total score of =5 on the on the Patient Health
Questionnaire (PHQ) [29]. Exclusion criteria include the
inability to read English easily, previous use of the myCompass
intervention, and current psychotic symptoms (total score of >2
on the Psychosis Screening Questionnaire (PSQ) [30] (Textbox
1). Screening will be automatically stopped and appropriate
feedback provided if any responses indicate ineligibility.

Criteria
o Inclusion
«  Consent to participate
o Agel6-25years
«  Type 1 diabetes, diagnosed by an endocrinologist

« Accessto an Internet-enabled mobile phone and computer/tablet

o Exclusion
« Inability to read English with ease
«  Previous experience with the myCompass program
«  Psychotic symptoms

« Non-residencein Australia

«  Patient Health Questionnaire (PHQ-9) score of =5 and/or Diabetes Distress Scale score of =2

Ethical Concerns and Consent

The study protocol has been approved by the Ethics Committee
at St Vincent's Hospital, which is certified by the National
Hedth and Medica Research Council in Austraia
(HREC/14/SVH/31), and research governance bodies at each
of the participating hospitals. The protocol is registered with
the Australia and New Zedland Clinical Trials Registry
(ACTRN12614000974606).

Intervention and Control

myCompass

The myCompass program [31] isafully-automated public health
intervention with no therapist input that can be accessed viaany
I nternet-enabled mobile phone, tablet, or computer (Figure 2).
Developed by mental hedth researchers at the Black Dog
Institute, the program assesses users’ sdlf-reported mental health
symptoms on registration, and delivers a personalized
intervention that provides round-the-clock self-monitoring of
moods and behaviors (via mobile phone, tablet, or computer),
and access to twelve interactive evidence-based learning

http://www.researchprotocols.org/2015/2/e50/

modules (viatablet and computer). The modules provide skills
training drawn from cognitive behaviord, interpersonal, problem
solving, and positive psychology therapies, and cover such
topicsas solving problems, managing fear and anxiety, tackling
unhelpful thinking, dealing with stress and overload, and
increasing pleasurable activities. Each module comprisesthree
10-minute sessions and has practice activities and home-tasks
assigned. Users are encouraged to complete at least two
modules, either of their own choosing or from recommendations
provided on registration.

In addition, users can schedul e short message service (SMS) or
email reminders to facilitate self-monitoring. Reminders can
be used to receive and print graphical feedback about
self-monitoring (including contextual information) on mobile
phones or computersto monitor change and assist identification
of triggers. It is also possible to receive helpful facts, mental
health-care tips, or motivational statements by SMS or email.
Registering to use the program is free, and users are not billed
for the SMSs they receive. A detailed description of the
myCompass intervention is provided in Proudfoot et a [25].
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Figure 2. Screenshot of myCompass.

myCompass
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set for the New Year. o P g g Number
This can lead to myCompass is an interactive seli-help service that aims to promote resilience and | |
disappointment and wellbeing for all Australians. myCompass is a guide to good mental health — it points
frustration and make it you in the right direction. You can track your moods, write about them and view Password

hard to stay motivated.
Research suggests that
having a clear picture or
image of your goal in
mind can help.

Try our Setting SMART
Goals module for more
suggestions on how to

information and tips. You can also choose to do one of the modules designed to help
you manage mild to moderate stress, anxiety and depression.

To get the most out of myCompass we recommend you:
» track atleast 2 moods, feelings or events each day

« complete at least 2 of the modules & home tasks
» use the program regularly for 6 to 8 weeks

Forgot Password?

New Here?

reach your goals.

Who can use myCompass?

It only takes a moment
to register, then you can
start using
myCompass.

Anyone aged 18years and over can use myCompass. The mobile phone functions can
only be used by Australian residents.

a Watch Video Overview

myCompass Tools

gﬁ

Build awareness of your
moeds, feelings, triggers and

# Modules

View changes in your health  Learn new technigues to

and behaviour over time, manage your moods and
events by tracking or identify patterns and possible  feelings through these
monitoring them. Using your causes. Understand why interactive modules. Personal,
mobile phone you can moniter  you feel the way you doand  fun and engaging — build your
how you are feeling identify starting points for coping mechanisms and
anywhere at any time. taking action. improve your wellbeing.

\ Diary . Stories 9 Learn

This is your space. Record Explore the real-life Explore the Learn section to
your thoughts, actions and experiences of people like view Insights on lifestyle
ideas and return any time to you. Sharing other people's topics, view links to related
find them easily. Expressing pain can help us understand topics or to find additional
yourself is therapeutic! our own. reading material

Tracking ||“ Reports

Click here to find out
maore. You will be
directed away from the
myCompass site.

myCompass has been created by the Black Dog Institute with financial support
provided by the Australian Governiment Department of Heailth. We are also grateful to
Open Market for their support of the myCompass program.

Procedure

Participants will have access to the full intervention on their
mobile phones and computer devices for 7 weeks. Although
participants will be encouraged to use the programs ad libitum
during theintervention period, it will be recommended that they
complete at least two program modules in their own time.
Assessment will be conducted completely online. At each
assessment time-point, participantswill receive an email asking
them to log into the study website to complete the outcome
mesasures. Theemail sent at 3-monthsfollow-up will also prompt
participants to visit their diabetes specialist for assessment of
glycosylated haemoglobin (HbA1c).

Active Placebo

The comparator intervention will be an Internet-delivered
program called LiveWell which delivers health information
about arange of topicsincluding skin care, mobile phone use,
home environment, casual work, healthy food, and relationships.
Developed by the research team to match myCompass on
duration and mode of delivery, the program also contains
practice activities, hometasks, and factual SM S messages (sent
to participants once-weekly), and a symptom check at 4 weeks,
to replicate the interactivity of myCompass, but has no
therapeutic content.
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Randomization

Randomization to either myCompass or the active placebo
intervention will be carried out after baseline measurement,
according to a sequence generated by a computerized
random-number generator [32] using permutated blocks of 2,
4, and 8. The randomization process will be facilitated by a
researcher not involved with the study. Participantswill receive
login details for their respective interventions by email.

Clarkeet al

M easures

The assessments that will be completed at baseline,
post-treatment, and 3-months follow-up are summarized in
Table 1. Demographic data will include gender, age, marital
status, highest education level, and whether the young person
is currently working and/or studying. Disease-related
information will include age at diagnosis, treatment modality,
and diabetes complications status. Participants will also
nominate their general practitioner (GP) and diabetes specialist
in order to facilitate risk management and the collection of
HbA1c results by research personnel.

Table 1. Measures used at screening, baseline, post intervention, and 3- month follow-up.

Measure

Screening Baseline Post-test 3 months

Demographic and disease-related variables

Psychosis Screening Questionnaire (PSQ)

Patient Health Questionnaire-9 (PHQ-9)

Generaized Anxiety Disorder-7 (GAD-7)

Diabetes Distress Scale (DDS)

Warwick-Edinburgh Mental Well-being Scale (WEMWBYS)
Work and Social Adjustment Scale (WSAS)

Summary of Diabetes Self-Care Activities
(SDSCAS)

Hyperglycemia/Hypoglycemia scale
Glycosylated haemoglobin (HbA1c)
Mental Health Self-Efficacy Scale (MHSES)

Xa

X X X X X X
X X X X X X

X

#The X indicates the time-points at which the specific measure will be administered.

Primary Outcome M easures

Depression Symptoms

The Patient Health Questionnaire-9 (PHQ-9) [29] contains 9
items assessing the Diagnostic and Statistical Manual of Mental
Disorders (DSM)-1V criteria for major depressive disorder
(MDD). The scale has excellent psychometric properties [33],
and identifies similar rates of MDD when compared to
semi-structured clinical interviews of DSM criteria in both
adults[34] and adolescents[35]. It isused widely asascreening
tool for depression, and is frequently included as outcome
measuresin studies of onlineinterventions (eg, [36,37]). Scores
of 5, 10, 15, and 20 are used as cut-off pointsfor mild, moderate,
moderately severe, and severe depressive symptoms,
respectively.

Anxiety Symptoms

The Generalized Anxiety Disorder-7 Questionnaire (GAD-7)
[38] contains 7 items assessing DSM-1V criteriafor generalized
anxiety disorder (GAD). The scaleiswell-validated asascreener
for GAD [33], used frequently in an onlineformat (eg, [36,37]),
and shows good sensitivity and specificity for anxiety disorders
generaly [39]. Scores of 5, 10, and 15 represent cut-off points
for mild, moderate, and severe anxiety symptoms, respectively.

http://www.researchprotocols.org/2015/2/e50/

Diabetes-Related Distress

The Diabetes Distress Scale (DDS) [28] isa 17-item scale that
assesses the following four areas of diabetes-related emotional
distress (1) emotional burden, (2) physician-related distress, (3)
regimen-related distress, and (4) diabetes-related interpersonal
distress. Scores on the DDS are calculated as the mean of all
items and range from 1-6, with scores of >2 indicating “little
or no distress’, and >3 indicating “high distress’. Data support
the psychometric adegquacy of the DDS when used in adult and
adolescent samples [28,40].

Well-being

The Warwi ck-Edinburgh Mental Well-being Scale (WEMWBS)
[41] isa14-item scalethat measures mental well-being through
the concepts of positive affect, psychological functioning, and
interpersonal relationships, and is validated for measuring
mental well-being in young people aged =16 years[42]. Scores
range from 14-70, with higher scores indicating more positive
mental well-being.

Secondary Outcome M easures

Work and Social Adjustment

The 5-item Work and Social Adjustment Scale (WSAS) [43]
is ameasure of the impact of mental health problems on daily
functioning in the following five domains (1) work, (2) socia
leisure activities, (3) private leisure activities, (4) home
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management, and (5) personal relationships. Scoresrange from
0-40, with higher scores indicating poorer adjustment. Meyer
et al [44] provide data supporting the psychometric adequacy
of the WSAS when used in an online format.

Diabetes Self-Care

The 11-item Summary of Diabetes Self-Care Activities Scale
(SDSCAS) [45] will be used to measure diabetes
self-management. Participants rate how many days out of the
past seven they have engaged in such activities as healthy eating,
exercise, testing blood sugar, and foot care. Mean scores are
calculated for each area and range between 0-7, with higher
scores representing better self-care. Reviews support the
reliability and validity of the SDSCAS as a self-report measure
of diabetes self-management [45].

Glycemic Control

The 7-item Hyperglycemia Scale and 7-item Hypoglycemia
Scale [46] will be used to assess participants self-reports of
symptoms associated with high and low blood glucose,
respectively. Additionally, as an objective indictor of glycemic
control, participants HbAlc results will be retrieved from
medical records (see Figure 1). The measurement of HbA1lc
provides an index of glycemic control over the preceding 2-3
months, and is useful for evaluating whether a person has
achieved and maintained their treatment targets, as well as
estimating their risk of chronic diabetes complications [47].

Process M easures

Mental Health Self-Efficacy

The Mental Health Self-Efficacy Scale (MHSES) assesses
peopl€'s confidence in managing issues relating to their mental
health using six, 10-point Likert scale items. Item scores are
summed to obtain an overall measure (ranging from 6-60), with
higher scoresindicating greater mental health self-efficacy. The
MHSESYyieldsreliable and valid data, and is sensitive to change
[48].

Program Usage

Usage will be examined for the myCompass group with respect
to three indices, namely, frequency of logins, frequency of
self-monitoring, and number of modules attempted.

Risk Management Praotaocol

If any participant indicates a significant worsening of their
psychological distress (defined as a score of >19 on the PHQ-9
either midway through the intervention period, at
post-intervention, or follow-up) they will be sent an email from
the research team advising them to contact their GP to arrange
face-to-face support. A second email, sent 3 days|ater, will seek
confirmation that contact with the GP has been made. If no
contact has been made, or if no reply email is received,
participants will be informed by email that the principal
investigator of the study will contact their nominated GP to
recommend they receive appropriate face-to-face support.

http://www.researchprotocols.org/2015/2/e50/
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Results

Sample Size

The RCT of myCompass yielded an average between-group
effect size on symptom outcomes of d=0.5 [25]. Van Bastellar
et a [22] also reported controlled effect sizes of an online
intervention for people with diabetes in the vicinity of d=0.5
for diabetes-related distress and depressive symptoms. Assuming
an attrition rate of 50% [49,50], a total sample of 240
participants at follow-up (120 per arm) isthe minimum required
to detect between-group differences on self-report outcomes of
.5 standard deviations with 80% power.

Nevertheless, wewill aim for afina sample size 280 participants
(240 per arm), aswe have pilot datashowing that thiswill enable
usto detect aclinically meaningful decreasein HbA1c of 0.5%
with power at 80%. Thisisbased on analysisof clinic patients at
Sydney Children’s Hospital, revealing a standard deviation of
1.04 for the change in HbA1c over 3 months. Recruitment is
currently underway for this study.

Statistical Analysis

Analyseswill be completed with SPSS 22 software. Chi-squares
(categorical variables) and t tests (continuous variables) will be
used to compare demographic and disease-related variablesand
baseline scores on the outcome measures for the intervention
and attention control groups. Similar analyseswill be performed
comparing participants who do (non-dropouts) and do not
(dropouts) return completed questionnaires at each of the
post-intervention and follow-up assessmentsto explore possible
biasesin study attrition.

Outcomes at each time point will be analyzed on an
intention-to-treat basis using linear mixed modeling (LMM)
[51], with time points as awithin-group factor and intervention
as a between-group factor. In LMM, incomplete cases are
included in the analysis, and all available datais used to obtain
parameter estimates. Theinteraction of time and study condition
will be of primary interest in each analysis, with a significant
interaction indicating agroup differencein the pattern of change
over time in the outcome of interest. Significant interactions
will be explored using sets of Bonferroni adjusted comparisons
of the two groups at post-intervention and 3-month follow-up.
All effects will be tested at P<.05, with adjustment according
to the number of contrasts in each set. Within- and
between-group effect sizes will be calculated using Cohen’s d
(based on the pooled standard deviation).

Discussion

Principal Findings

Reviews have highlighted the need for flexibility and innovation
in reducing the substantial unmet need for psychosocial carein
young people with type 1 diabetes [6,15]. To our knowledge,
this study will be the first to examine the effectiveness of a
fully-automated, self-help intervention that is generic in its
content and delivered viathe Internet to computers, tablets, and
mobile phones for reducing mental health symptoms and
improving mental well-being in this vulnerable patient group.
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myCompass is a public health intervention of demonstrated
efficacy [25]. We hypothesize that general and diabetes-specific
distressand psychol ogical well-being will improve significantly
in young people randomized to myCompass for 7 weeks
compared to those randomized to an active placebo intervention.

Intervening to reduce psychological distress in young people
with type 1 diabetes is important as emotional difficulties are
associated with poorer self-care and high disease-related
morbidity and mortality [9-11]. Furthermore, in the absence of
treatment, psychological distress during the transition from
childhood to adulthood may persist throughout life, thereby
substantially increasing the longer-term personal and societal
burden of the disease[12]. The preferred communication media
of young people [52], delivering mental health care via the
Internet and mobile phones may be particularly attractive to
many young patients who are reluctant to access traditional
face-to-face supports. Moreover, if found to be effective,
myCompass is broadly available free of charge and could
potentially reach large numbers of young people with type 1
diabetes for whom service availability and cost are maor
barriers to access.

Previous studies of psychological interventionsfor people with
diabetes have tended to focus on depressive symptoms and
diabetes-specific outcomes (eg, diabetes-related distress and
diabetes self-care). By taking abroader approach and examining
general and disease-specific distress (depression, anxiety, and
diabetes-related distress), functional outcomes (work and social
adjustment, and diabetes self-care), and positive mental health,
this study provides a comprehensive evaluation of the effects
of the web and mobile phone program on variables known to
correlate with quality of life and health outcomesin people with
diabetes [53,54]. An additional strength of this study is the
examination of potential moderators (eg, demographic and
disease-related variables, and mental health self-efficacy) of
the effect of the intervention on outcome measures. These
analyses may assist in identifying the young people with type
1 diabetes who are most likely to benefit from psychosocial
support delivered viathe Internet.

Limitations

Recruitment of participants through tertiary hospital diabetes
outpatient clinics is an obvious limitation of this study, and

Clarkeet al

means that our findings may not generalize to young people
with type 1 diabetes managed outside the hospital system.
Nevertheless, becauseit can be difficult to recruit young people
into RCTs [55], and given our target sample size of 280, we
feel that the proposed recruitment strategy will ensure timely
and cost-effective data collection. In addition, recruitment via
hospitals will enable us to examine the potential advantages
and disadvantages of including the myCompassintervention as
part of routine specialist care for young people with type 1
diabetes.

Another possible limitation relates to the brevity of the study
and the time interval s for measurement. Whereas the proposed
assessments (immediately post-intervention and at 3-months
follow-up) are sufficient to demonstrate change in the primary
and secondary outcome measures, a longer-term follow-up is
necessary to determine the consistency of the study findings
and the pattern of the effects of the intervention over time. For
this reason, consent will be sought from participants at 10
months for a supplementary 12 months follow-up assessment.
Separate ethics approvals will be obtained for this part of the
study and the datawill be analyzed and reported independently
of this project.

Conclusions

The increasing prevalence of type 1 diabetes, the heightened
risk of emational difficulties in young people with the disease,
and the substantial unmet need for psychosocial support, make
acompelling casefor trials of novel mental health interventions
in this patient group. Using popular everyday tools such as
mobile phones, tablets, and the Internet, this project will be the
first to examine the effectiveness of afully-automated, self-help
intervention without diabetes-specific content for reducing
distress and improving well-being for young people with type
1 diabetes. The myCompass intervention is widely accessible,
with over 14,000 registrants since 2012. The program has the
capacity to provide convenient, accessible (24 hours a day, 7
days a week), and clinically effective psychosocial care at no
cost to young people who might otherwise have limited access
to (or choose not to access) alternative sources of psychosocial
support.
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Abstract

Background: Internet interventions offer advantages that especially cancer survivors who suffer from fatigue could benefit
from. Given the growing number of such patients, Internet interventions could supplement and strengthen currently available
health care.

Objective: Thispaper describesthe design and analysis plan that will be used to study 2 Internet interventions aimed at reducing
severe fatigue in cancer survivors: a mobile ambulant activity feedback therapy supported through a weekly email by a
physiotherapist and aweekly Web- and mindful ness-based cognitive therapy supported online by apsychologist. The dataresulting
from this trial will be used to (1) investigate the effectiveness, (2) investigate potential mediators of these interventions, and (3)
explore participant characteristics that can predict the effect of these interventions.

Methods: A 3-armed randomized controlled trial is proposed that compares both Internet interventions with an active control
condition that solely consists of receiving psycho-educational emails. Theintervention period is 9 weeksfor all 3 conditions. Six
months after baseline, participants in the control condition can choose to follow 1 of the 2 experimental Internet interventions.
Outcomes are measured in terms of fatigue severity, mental health, and self-perceived work ability. All are Web-assessed at
baseline, 2 weeks after the intervention period, and at 6 and 12 months after baseline. Fatigue severity, mindfulness, physical
activity, expectations and credibility of the intervention, therapeutic working alliance, sleep quality, and sense of control over
fatigue are assessed 3 times during the intervention period for identifying mediators of the interventions. Recruitment is performed
nationally throughout the Netherlands through patient organizations and their websites, newspapers, and by informing various
types of health professionals. All participants register at an open-access website. We aim at including 330 cancer survivors who
have finished curative-intent cancer treatment at least 3 months previously, and have been suffering from severe fatigue ever
since. All cancer types are included. A detailed analysis plan is described to address the research questions, which alows for
individual variation, and fully exploits the longitudinal design.

Results: Recruitment started in April 2013 and will proceed until April 2015.

Conclusions: This paper describes a systematic trial design for studying 2 different interventions for chronic cancer-related
fatigue in order to gain insight into the effectiveness and mediators of the interventions. This design will also be used to identify
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predictors for the interventions' effect on fatigue. By publishing our hypotheses and analysis plan before completion of data
collection, this paper isafirst step in reporting on thistrial comprehensively.

Trial Registration:
http://www.webcitation.org/6NWZgon30).

(JMIR Res Protoc 2015;4(2):e€77) doi:10.2196/resprot.4363

KEYWORDS

The Netherlands Nationa Triad Register (NTR3483).

(Archived by WebCite at

fatigue; cancer survivors; chronic disease; Internet interventions, mindful ness-based cognitive therapy; motor activity; behavior
therapy; accelerometry; effect predictors, mediation; Bayesian statistics; latent growth analysis

Introduction

Background

Behavioral interventions have shown to effectively relieve
psychological and physical complaints in cancer survivors.
However, the effect on the individual is less explicit, because
patients differ greatly in the ways they experience and respond
to such interventions. Therefore, when studying such an
intervention, individual differences and temporal aspects need
to be appreciated. This paper presents a detailed analysis plan
for studying behavioral interventions that satisfies such needs.

The protocol of a 3-armed randomized controlled trial is
described to study the effectiveness, mediators, and effect
predictors of 2 different Internet interventions that share the
same aim: reducing fatigue for cancer survivors. Due to its
longitudinal design and multiple assessments during the
intervention, the temporal development of relevant factorsrather
than pre-post differences can be studied. Latent growth analysis
can be performed and mixture models can be run, which allow
for individual variance in growth trajectories. Furthermore, full
longitudinal mediation analyses can be performed on the most
important potential mediators of both interventions, and
differentiating effect predictors can be identified in order to
allocate individuals to the most suitable intervention.

The goal of this paper isto present our trial design, hypotheses,
and analysis plan. This paper will therefore be the basis for a
number of papers that will present the results of the trial. We
will first provide brief background information on the research
population, the relevance of Internet interventions for this
population, and introduce the 2 Internet interventions that are
the subject of this trial. Next, the importance of identifying
mediating and predicting factors for the intervention effect is
discussed. In the remaining sections, we give a detailed
description of thetrial’sdesign, our hypotheses, and the analysis
planfor handling the datathat the trial will collect. Theanalysis
plan iswritten in general terms, in order to facilitate the use of
this strategy in other contexts, and to keep this paper focused.
Consequently, the extended background of—and reasoning
for—the specific hypotheses will be presented in future papers
that will focus on the results of the proposed analyses.

http://www.researchprotocols.org/2015/2/e77/

Chronic Fatigue and Cancer

Cancer-related fatigue is defined as “a persistent, subjective
sense of physical, emotional and/or cognitive tiredness or
exhaustion related to cancer or cancer treatment that is not
proportional to recent activity, and interferes with usual
functioning” [1]. It is 1 of the most prevalent and distressing
long-term consequences of cancer [2], interferes with the
activities of daily living, work ability [3], and maintenance of
social relations, and consequently impacts patients' well-being
[4]. As the number of cancer survivors in the Netherlands is
expected to increase rapidly, with a growth of over 50% in the
10-year prevalence between 2009 and 2020 [5], thereisastrong
need for effective and accessible treatments.

The etiology of cancer-related fatigue probably involves the
deregulation of several interrelated physiological, biochemical,
and psychological systems [6]. There is no definite somatic
explanation for the persistence of fatigue after cancer [7-9], and
estimates of the proportion of cancer survivorswho suffer from
persistent fatigue vary widely [8,10]. However, research has
shown that if fatigue continues 3 months after treatment, it is
unlikely to decrease of its own accord [8]. The term chronic
cancer-related fatigue (CCRF) is used in this paper for severe
fatigue that continues for 3 months or longer after cancer
treatment compl etion.

Management of Chronic Cancer-Related Fatigue

Currently,  both  pharmacological  treatments and
nonpharmacological treatments are applied to the effective
management of CCRF; see the overview articles published by
Ahlberg et a [9] and Koornstra et a [11]. Guidelines state that
if no primary association can be found for the persistence of
fatigue with asomatic condition, behavioral interventions should
also be considered [1]. The previously reported effects of
nonpharmacological interventions on fatigue vary widely, as
can be seen in the overview of recent meta-analyses in Table
1. Effect sizes tend to be higher when the intervention targets
fatigue, and when increased fatigue was an inclusion criterion
for the study. Not al studies that were included in the
meta-analyses primarily targeted fatigue, therefore effect sizes
might not be representative for nonpharmacological
interventions that target fatigue.
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Table 1. Ten recent meta-analyses considering nonpharmacological interventions for cancer patients that included off-treatment fatigue.

Meta-analyses (off treatment) Intervention type ES?(95% ClI) Fatigue reduced (P-value)
Jacobsen 2007 (kb=4%) Psychological d®=0.10 (0.02-0.18) Yes (<.05) [12]
Jacobsen 2007 (k=29%) Activity-based d=0.05 (-0.08-0.19) ns[12]

K angas 2008 (100%) Psychological WMESY(r®) = 0.51 (0.10-0.92) Yes (.015) [13]
Kangas 2008 (100%) Exercise WMES(r) = 0.13 (-0.77-1.02) ns (.784) [13]
Speck 2010 (100%) Exercise WMES(r) = 0.54 (0.19-0.90) Yes (.003) [14]
Brown 2011 (k=54%) Exercise WMES(r) = 0.31 (0.22-0.40) Yes[15]

Duijts 2011 (n=31%) Behavioral techniques SM Df(fg) =0.16 (0.08-0.23) Yes (<.001) [16]
Duijts 2011 (n"=42%) Exercise SMD(r) = 0.315 (0.10-0.53) Yes (.004) [16]
Cramp 2012 (100%) Exercise SMD = 0.37 (0.18-0.55) Yes[17]
Tomlinson 2014 (100%) Exercise SMD(r) = 0.61 (0.33-0.88) Yes[18]

3ES = Effect size; values are positive when the intervention was able to reduce fatigue more compared to the control condition.

bk=percentage of studies
®d=Cohen'sd

dWMES = weighted means effect size
€r=random effects

fSMD = standardized mean difference
Y =fixed effects

hn=percentage of participants

Behaviora interventions are often based on energy balance
models and/or stress coping models[12,19]. In energy balance
models, CCRF is seen as a conseguence of deconditioning and
prolonged inactivity during cancer and itstreatment. Secondary
fatigue arises as a result of detraining and can lead to a
downward spiral. In stress coping models, CCRF is
conceptualized as a result of ineffective coping strategies and
prolonged stressresponse [20]. Cognitive behavioral trestments
that are based on these theories include physical activity
interventions, exercise interventions [14,17,21,15,22], and
mindfulness-based cognitive interventions [23-26] and have
been shown to help reduce CCRF in previous studies [12,13].
However, all these interventions require the patient to travel to
a health care facility, which can be a burden to the patient.
Therefore, introducing effective interventions in a home-based
setting could improve the health care options for this group.

Potential Benefits of I nternet I nterventions

Internet interventions offer advantages that cancer survivors
who suffer from fatigue could especially benefit from. They
have been found to be as effective as face-to-face therapies for
awiderange of disorders, such as posttraumatic stressdisorder,
burnout or chronic stress, and depression [27-32]. Internet
interventions have the ability to reach awider range of patients
compared to face-to-face interventions, especially severely
fatigued patients, those with limited mobility, or patients in
rural or even remote areas. Also, patients may benefit from the
home-based setting of Internet interventions as these patients
can practice more often, are less bound to the availability of
care professionals, and can incorporate the intended behavioral
change directly into their daily routine. Moreover, visiting a
health care facility may no longer be desirable for some cancer

http://www.researchprotocols.org/2015/2/e77/

survivors due to negative associations with the disease process
or because they no longer want to be identified as a cancer
patient and prefer the anonymity of their own environment.

Internet Interventionsfor Fatigue

Overview

In the Netherlands, to our best knowledge there are currently 3
Internet interventions that aim to reduce chronic fatigue: (1) an
experimental mobile intervention aimed at changing physical
activity behavior for participantswith chronic fatigue syndrome
[33]; (2) the Web-based mindfulness-based cognitive therapy
“Minder Moe Bij Kanker” [34]; and (3) a Web-based cognitive
behavior therapy for severely fatigued breast cancer survivors,
which is the subject of the current CHANGE study (trial
registration NTR4309) [35].

This paper describes the design and analysis plan that studies
the first 2 of these Internet interventions in a randomized
controlled trial. Each of these 2 interventionsis described bel ow.

Mobile Activity Management I ntervention: Ambulant
Activity Feedback Therapy

The ambulant activity feedback therapy (AAF) is a mobile
intervention that utilizes an ambulant activity coaching system,
supported weekly by a physiotherapist through email [33]. The
activity coaching system was devel oped by Roessingh Research
and Development (Enschede, The Netherlands) and consists of
a mobile phone and an accelerometer (Multimedia Appendix
1) that communicate through Bluetooth [33].

In thisintervention, the patient worksto meet personal activity
goas and subgoals that will be defined together with the
therapist. The coaching system supportsthis process by showing
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real-time feedback about the accumul ated activity of the patient
relative to a personalized line of reference and tailored hourly
feedback messages. Both the line of reference and the set of
feedback messages of the activity coaching system can be
adjusted by the therapist through a Web portal (see Figure 1
and Multimedia Appendix 2). Patients also have access to a

Wolverset al

Web portal where they can monitor their past personal activity
records. Conseguently, patients are expected to gain insight in
their activity pattern and on how to increase or balance their
daily activity in away that improves their energy levels. More
infformation about AAF is given in Wolvers and
Vollenbroek-Hutten (in press) [36].

Figure 1. Screenshot of the Web portal for the ambulant activity feedback therapy (Dutch).
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Web-Based Mindfulness-Based Cognitive Therapy

Mindfulness-based cognitive therapy (MBCT) [37] adds
elements of cognitive therapy to the mindfulness-based stress
reduction program that was originally developed by John
Kabat-Zinn [38]. The Helen Dowling Institute (Bilthoven, the
Netherlands) devel oped a9-week Web-based, therapist-guided,
individual MBCT (eMBCT) specifically designed to reduce
cancer-related fatigue [23]. On apersona Web page (see Figure
2 and Multimedia Appendix 3), each patient can download audio
files of mindfulness exercises and read information about a
specific mindfulness theme each week. Patients write down
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their experiences of following the mindfulness exercises in a
log. On an agreed-upon day of the week, the therapist replies
to thislog, thereby guiding the patient through the program. It
is hypothesized that by learning to raise awareness of their
present experience nonjudgmentally and openly, the patient can
become aware of potentialy ineffective coping strategies that
prolong stress and fatigue [39,40]. Patients learn to use a
detached perspective as a skill to prevent the escalation of
automatic negative thinking patterns. MBCT also teaches
patients how to accept fatigue, physical limitations, or pain. The
protocol of the eMBCT is discussed more extensively in the
article by Bruggeman-Everts et a [34].
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Figure 2. Screenshot of the Web portal for eMBCT (Dutch).
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Introductie week 3

Hier volgt een korte introductie op de inhoud en het huiswerk van deze week. Ook kan je hier de wekelijkse reader
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Inhoud

Deze week staat het therma omgaan met je eigen grenzen centraal en de kwaliteit
waarmee we deze week ingaan is acceptatie. In de reader van deze week vind je hier
meer infarmatie over. Een ander belangrijk onderwerp in de reader is hoe je na een
ziekte, van jezelf of van je naaste, je energie weer kan opbouwen. Download de
reader en neem de tijd om die deze week door te lezen.
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dagelijkse oefeningen en daarnaast vragen we je om dagelijks stil te staan bij hoe
je met gremzen om gaat en te letten op gebeurtenissen die onprettig voelen.
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Effectiveness
Overview

Our primary gquestion iswhether both interventions are effective
in reducing fatigue. Therefore, the interventions will be
compared to an active control group in arandomized controlled
trial. The advantage of thisdesign, ascompared to awaiting-list
control group, isthat we can control for nonspecific influences
of thetrial, such as receiving attention. Also, we expect that in
an active control group, fewer participants will drop out than
in awaiting-list control group.

Usually, results of interventions are presented in terms of an
average improvement of the relevant outcome measure.
However, practice shows that individuals benefit differently
from interventions [41]. Therefore, the proposed trial will aim
to identify individual fatigue trajectories, since that seems to
be more informative and helpful in improving health care
provisions for CCRF-patients than just presenting averages.
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Mediators

To optimize interventions in terms of efficiency and
effectiveness, treatment-specific and nonspecific working
mechanisms should be identified that account for each
intervention’s effect on fatigue. Knowledge about these
mechanisms is an important prerequisite for improving the
efficiency of interventions by shifting focus or shortening the
intervention. Also, effectiveness can beincreased by improving
and tailoring the relevant items, subjects, or exercises, as well
as improving the way these are embedded in the intervention.
Therefore, the second objective of this study will beto identify
the working mechanisms underpinning the interventions.

By using a 3-armed randomized design, it is possible to study
both treatment-specific (differentiating) and nonspecific working
mechanisms. Also, by assessing important factors multipletimes
during the intervention, important time-specific information
can be acquired.
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Effect Predictors

Although we expect that, in general, both interventions are
effective, personal factors, medical factors, and demographics
may determine the effect that each intervention has on fatigue
[41]. We do not expect al individuals to benefit similarly from
the interventions. Therefore, studying potentia predictors of
each intervention’s effect will give usimportant input to inform
both patients and caregivers and allow them to set reasonable
expectations.

CCRF has a multifactorial character (eg, physical, cognitive,
motivation); therefore, studying the effect predictors of 2
theoretically differing interventions simultaneously might also
reveal differentiating predictorsfor both therapies. By applying
such knowledge carefully, the overall effectiveness of
interventions that aim to reduce CCRF can be increased.

Methods

Design

A randomized controlled tria is performed including 3 parallel
conditions: 2 experimental conditions (AAF and eMBCT) and
a minimal intervention control condition. The intervention
period is 9 weeks for al 3 conditions. Both experimental
conditions are made as similar as possible in terms of
time-investment and contact intensity with the therapist.
Outcomes are self-reported and are Web-assessed at baseline
(TO), 2 weeks post-intervention (T1), and at 6 months (T2) and
12 months (T3) after baseline. Figure 3 shows a schematic
summary of the trial design.

The baseline assessment consists of 3 time-points: (1) TOa, the
assessment to check dligibility; (2) TOb, the main baseline
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assessment taken after the eigibility check and informed
consent, but naive of condition; and (3) TOc, directly after
randomization for assessing the participant’s credibility and
expectancy about the condition. All participants are invited to
fill out short questionnairesin weeks 1, 2, 3, 4, 6, and 9 (Mi)
of the intervention period in order to study mediation of the
interventions.

After T2, patientsin the control condition are offered 1 of the
2 experimental interventions, again in aresearch setting. Please
note that the first 4 participants of this trial were randomized
to 1 of the experimental conditionsfor the second semester, but
to minimize dropout, all other patients will be allocated based
on their own preference. During this second intervention period,
these participants will again be assessed in weeks 1, 2, 3, 4, 6,
and 9 (Mi"), the second week after the intervention (T1'), and
6 months after the second allocation (T2'). Participants in the
control condition that are preferentially allocated to eMBCT
after T2 do not wear the accelerometer during the second
semester.

The protocol allows delay within the intervention period of a
maximum of 2 weeksin case of, for example, illnessor holiday.
For all participants, the duration of their participation is
approximately 12 months. Additional qualitative feedback will
be obtained through explorative interviews with a subset of
participants in the experimental condition shortly after T1 or
TL.

This trial was approved by the Twente Medical Ethical
Committee (Enschede, the Netherlands) under number P12-26
and has been registered at The Netherlands National Trial
Register under number NTR3483 [42].
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Figure 3. Flow chart of trial design. CS = cancer survivor; MD = medical doctor; PA = physica activity; TO(a-c)-T3 are the main assessments; Mi and

Mi' represent assessmentsin week (i =) 1, 2, 3, 4, 6, and 9 of the intervention. For addressing the primary research questions of effectiveness, only data
from the first semester will be used.
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Study Sample

Recruitment

Participants are recruited in the Netherlands by advertisements
inthe newsl etters of patient associations (both digital and print),
on relevant websites, in regional newspapers, and through social
media. Furthermore, participants also are recruited through oral
presentations given to cancer patients and in other cancer-related
seminars and symposia for patients, caregivers, or both.

Social media and online advertising can be strong tools for
reaching alarge group of people [43] or even specific patients
[44,45]. However, the sample might be younger, more highly
educated, and might comprise more females compared to the
Dutch CCRF population [46]. However, it will lead to asample
that represents the targeted population for such Internet
interventions, and we are likely to include participants who
would not have opted for therapy that includes traveling to a
health care facility.

Eligibility
The following criteria are used to check eligibility for
participation in thetrial:

- Completion of acurative-intent treatment for cancer at | east
3 months ago (checked by participant’s medical doctor).
For this study, surgery, chemotherapy, radiotherapy,
immunotherapy, and/or stem cell transplantation are
considered treatment. However, hormonal therapy, the use
of anti-inflammatories, and monitoring visits are not
considered treatment for this study.

- Patient has been suffering from severe fatigue for at least
3 months.

- Patient scores 35 or higher on the fatigue severity subscale
of the Checklist for Individual Strength (CIS).

« Aged 19 yearsold or older.

« Atleast 18 yearsold at disease onset.

«  Capable of reading and writing in the Dutch language and
of using the Internet (implicit eigibility criterion accounted
for during registration, but not checked explicitly).

If patients meet 1 or more of the following criteria, they are
excluded from participation:

« Indication of current disease or tumor activity (checked by
the participant’s medical doctor).

«  Current or former severe psychiatric morbidity, for example,
major depression, psychosis, or schizophrenia (checked by
the participant’s medical doctor).

- Being dependent on a wheelchair for daily activity
(self-report).

« Recurrence of cancer during the course of the study
(self-report).

«  Current substance abuse, except for smoking.

« Previoudly attended the eMBCT of the Helen Dowling
Institute.

In addition to the mentioned exclusion criteria, please notethat:

« Mild depression is not an exclusion criterion. A score of
20 pointsor higher on the Hospital Anxiety and Depression
Scale (HADS) during baseline is considered indicative of
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depression [47]. Therefore, if the patient scores 20 points
or higher, he or she will be contacted by a psychologist
from the Helen Dowling I nstitute to determine whether the
participant has suicidal ideation or suffersfrom other severe
psychiatric morbidity. A participant will only be excluded
if, according to the involved psychologist, that is the case.

- Comorbid somatic diseases—such as cardiovascular
diseases, cerebrovascular diseases, diabetes, hypertension,
and arthritis that are not treatable but are a possible cause
of fatigue—are not exclusion criteria but will be registered
during the study. Although this choice will probably lead
to an underestimated effect size compared to studies that
do exclude patients with comorbidities, we expect that such
a sample will lead to a better representation of the CCRF
popul ation.

- Participants are requested not to take part in any other
therapy directed at overcoming fatigue during the study.

- Dataof participants who report pregnancy or recurrence of
cancer during the course of the study will be excluded from
analysis since the fatigue they experience cannot be
considered to be of a chronic character according to our
definitions. However, if requested, these patients will be
allowed to finish the intervention.

Procedures

Participants apply for inclusion in the study at the project
website [48,49].

Informed Consent

After online registration, participants receive the patient
information and informed consent form by direct mail. They
are requested to sign and return the informed consent in a
prepaid envelope. Also, they receive aregistration confirmation
by email with login details for the participant’s Web portal on
the project website. Participants are requested to complete
assessment TOa as acheck on eligibility. Also, the participant’s
medical doctor is consulted to check 3 of the eligibility criteria:
finished curative-intent treatment for cancer morethan 3 months
ago, no current signs of cancer activity, absence of current or
former major psychiatric disease.

Randomization

If the eligibility-criteria are met, the researcher confirms the
participant’s enrollment. Subsequently, the activity sensor is
given to the participant and its setup is explained in a
face-to-face meeting in the participant’'s home or another
mutually convenient location. The second baseline assessment
starts (TOb), followed by randomization of the participant to 1
of the 3 conditions by a script embedded in the researchers
Web portal and uses the random function of php (rand(1,3))
[50]. The researchers can neither influence nor predict the
outcome of the randomization process. Subsequently, the
researcher emails the participant about the outcome of
randomization, requests the participant to complete the third
baseline assessment (TOc), and assigns the participant to a
therapist in case the participant has been randomized to an
experimental condition. Participantswho do not fill out TOc are
considered as not being included. The allocation of a therapist
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isbased on current availability of the therapistswho areinvolved
inthetrial.

Research Conditions

Both experimental conditions are described in the Introduction
and will be described more extensively in an articleoneMBCT
by Bruggeman-Evertset al [ 34], and apaper on the devel opment
of the AAF intervention by Wolvers and Vollenbroek-Hutten
(in press) [36].

Active Control Condition

Patients who are assigned to the control condition receive
weekly emails containing standard psycho-educational texts
about CCRF in order to minimize the dropout rate, following
the design of Postel et al [51]. An example of the information
that is offered in this minimal intervention control condition is
given in Multimedia Appendix 4 and overlaps completely with
the information that is given during both experimental
interventions. This condition controlsfor receiving information
on CCRF and for being involved in eHealth research.

Nonadherence and Withdrawal

Participants who do not adhere to, or withdraw from, the study
or the intervention are contacted by phone and asked for the
reason for nonadherence or withdrawal. Participants who want
to stop with the intervention are asked to complete a
post-intervention assessment at T1 and follow-up assessments
at T2 and T3. Participants who withdraw from the study are
asked to answer the questions of the fatigue severity subscale
of the CIS online or during a telephone conversation.

Assessments

All self-reported questionnaires are Web-assessed via a Web
portal on the project website [48,49], developed by Roessingh
Research and Devel opment. Participants receive an email when
an assessment becomes available and can log in to the Web
portal to complete the questionnaires. During the intervention
period, each assessment is available for 1 week, but can stay
open longer if therapy is postponed due to, for example, illness
or holiday. If a participant has not completed it within 6 days,
he or she is reminded by email at least once to complete the
guestionnaire. Within each assessment, the questionnaires are
grouped on the basis of importance and subject. Item sequences
of the questionnaires for the mediating factors and outcome
messures differ between the assessments. Personal datais stored
separately from the research data. An overview of al the
assessments is shown in Tables 2 and 3.

Physical activity datais collected using the same device as that
used for the ambulant activity feedback therapy: a
3D-accelerometer (ProMove 3D) combined with amaobile phone
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that collects the accelerometer data and sends it to a secured
Web server at Roessingh Research and Development [52].
However, the mobile phone does not give feedback on activity,
but does state whether the system isworking properly and sends
an error message if the connection to the sensor fails.
Participants are reminded by email to wear the accelerometer
on the day before the start of the week in which they will be
using it.

Outcome M easures

Fatigue

Fatigue severity will be assessed with the CIS, which consists
of 20itemsthat scoreon a7-point Likert scale[53,54]. The CIS
has 4 subscal es (fatigue severity, motivation, concentration, and
physical fatigue) of which the fatigue severity subscale will be
used as the primary outcome (8 items, range: 8-56 points). The
CIS has shown good discriminative validity in a working
population [55], is sensitive to changes in the chronic fatigue
syndrome population [56], and has previously been used with
cancer survivors [7,57]. The CIS strongly resembles the
Multidimensional Fatigue Inventory, which is often used in
international studies [54]. Fatigue severity will be assessed at
TOa, TOb, M3, M6, M9, T1, T2, and T3. However, the other 3
subscales will only be assessed at TOb, T1, T2, and T3.

Mental Health

Mental health will be assessed from the results of 2
guestionnaires: the Positive and Negative Affect Scale (PANAS
[52]) and the HADS[58], both of which areincluded in anitem
bank for cancer survivors[59]. The PANAS consists of 20 items
that scoreon a5-point Likert scale and has 2 subscales: positive
and negative affect. The HADS consists of 14 items on a4-point
scale, has been validated for a Dutch-speaking population [60],
and has previously been used to assess psychological distress
in cancer patients [61]. Menta health will be assessed at TOa,
T1,T2,and T3.

Perceived Ability to Work

Thework ability score, which isassessed with thefirst question
of the work ability index [62,63], will aso be used as an
outcome parameter. It asks: “Imagine that your working ability
in the best period of your life is rated 10 points. How would
you rate your working ability at the present moment?’ It is
assessed at TOb, T1, T2, and T3.

Working hours and the level of absenteeism are assessed with
guestions from the Trimbos and iIMTA questionnaire on costs
associated with psychiatric illness (TiC-P) [64]). These will be
assessed at TOb, T2, and T3.
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Table 2. Assessments of outcome measures and potentially mediating factors.

Outcome Measures and Potentially Mediating

Factors Parameters TO*  Mi/Mmi’P TUTY T2/T2 T3
Primary outcome  Fatigue severity CISfatigue severity subscale: 8itemsona7- ab 3,69 X X X
point Likert scale.
Secondary out- Other dimensions of fa- CISphysical and cognitivefatigueand motivas b X X X
comes tigue tion subscales: 4 items for each subscale, all
on a7-point Likert scale.
Affect PANAS: 20 items on a 5-point Likert scale. a X X X
Psychological distress HADS: 14 items on a4-point scale. a X X X
Self-perceived ability to  Work ability score: 1 item on a0-10 numeric b X X X
work rating scale (NRS).
Return to work and work-  Adapted questions of the TiC-P. b X X
ing hours
Primary mediating Mindfulness Freiburg Mindfulness Inventory short form b 3,6,9 X X X
factors [65,66]: 14 items on a4-point Likert scale.

Accelerometer: ProMove 3D [52]. Both sum-
mative PA and daily PA declinewill be consid-
Physical activity (PA) ered. b 3,6,9° X

Sleep quality Subjective Sleep Quality Scale[67]:15items b 3,6,9 X X X
(yes/no), and 1 self-conceptualized item
(yes/no) that trandatesinto: “ Did you use sleep

medication?’
Sense of control over fa  Self-Efficacy Scale [56]: 7 itemson a4-point b 3,6,9 X X X
tigue Likert scale.

Credibility and expectancy  Credibility and Expectancy Questionnaire[68]: c¢,c 1,24
6 items of which 4 are on a 9-point Likert
scale, and 2 items on a0-100 NRS.

Working alliance Working Alliance Inventory short form 1,24
[69,70]: 12 items on 5-point scale; subscales:
goal, task, bond.
Secondary mediat- Perceived physical activity Four self-conceptualized questions on per- b X X X
ing factors ceived activity volume, comparative volume,

and satisfaction with volume.

Self-efficacy on activities  Selected items from the self-efficacy scalesof b X
Bandura [71] and Rodgers[72,73]: 13 items
on a0-100 NRS; subscales: planning and cop-

ing.

Catastrophizing Fatigue Catastrophizing Scale[74,75] 9select- b X
ed items on a5-point Likert scale.

Fear of cancer recurrence  Two selected itemson a7-point Likert scale b X
[76].

Causal attributions One self-conceptualized open answer question b X

that trandates to: “What do you consider as
the cause of your fatigue?’

3B aseline assessment TO consists of 3 time-points: TOa: before eligibility check, TOb: after inclusion, and TOc: after randomization. TOC' is assessed
after preferential allocation.

BMi and Mi’ = assessments at week (i=) 1, 2, 3, 4, 6, 9 of the intervention

CAll physical activity measurements are blind except for the experimental activity feedback condition at M3, M6, and M9. In the second semester, M3,
M6’, and M9’ do not include a physical activity measurement in the mindfulness condition.
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Table 3. Other assessments.
Demographics, medical history, and control factors TO? TUTY T2[T2 T3
Age, gender, education, family status, nationality, time since diagnosis, time since previous treatment, a
fatigue duration, psychological counseling in the past, comorbidity.
Cancer type, cancer treatment, perceived life threat of cancer (7-point Likert scale), known heredity of b
cancer (yes/no/don’t know), former experience with attention focusing exercise (yes/no), religious beliefs,
perceived social support (Multidimensional Scale of Perceived Social Support [77]: 12 items on a 7-point
Likert scale).
Medication use, substance use (caffeine, nicotine, alcohol, drugs), quality of life(Litemona0-10 NRS). a X X X
Pain intensity and limitations by pain (2 items on a 7-point Likert scale), body mass index. b X X X
Lifeeventssince previous assessment, professional help received for fatigue outside the scope of the study X X X
protocol.
Perceived effectiveness of the intervention (5 items of which 1 item 0-10 NRS and 2 yes/no questions), X
perceived social support in following the intervention (1-10 NRS).
Social desirability: 6 selected itemsfrom the Balanced Inventory of Desirable Responding [ 78] on 5-point X

Likert scale.

3B aseline assessment TO consists of 3 time-points: TOa: before eligibility check; TOb: after inclusion; and TOc: after randomization.

Mediating Factors

Several categories of mediators will be considered:
intervention-specific mediators for either eMBCT (eg,
mindful ness, catastrophizing, and fear of cancer recurrence) or
AAF (eg, physical activity, perceived physical activity, and
self-efficacy on physical activity), and generic mediators (eg,
deep quality, sense of control over fatigue, credibility,
expectancy, working alliance, and causal attributions).
Furthermore, a distinction is made between primary and
secondary mediating factors: primary factors are assessed at
multiple occasions during the intervention in order to study the
timely development of those factors, secondary factors are not
assessed during the intervention. A complete overview of all
assessments on mediating factorsis given in Table 2.

Demographics, Medical History, and Control Factors

Several other factors are assessed, including demographics,
medical history, and control factors. All arelisted in Table 3.

Analysis Plan

Overview

SPSS software will be used for data management and Mplus
[79], which is a latent variable modeling program, for the
subsequent analyses. The exact versions of the software used
will be reported in the future papers.

Pre-Analysis

Power Analyses

The sample size for analyses for data relating to the primary
objective has been calculated for a repeated measures analysis
of variance: based on an apha of .05, a minimal detectable
effect size of f2=.15, and a power of .80, atotal number of 55
participants[80] isrequired in each group to answer the primary
research question of this study in a statistically valid manner.

We expect to be able to include 330 eligible participants within
a period of 2 years, based on a mean of 3.7 intakes per week
for the eMBCT of the Helen Dowling Ingtitute in 2011. An
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estimated attrition of 30% of the participants during both
experimental interventions and 15% during the minimal
intervention control condition [51] would leave us with 77
participants in each experimental group and 94 participantsin
the control group at T2. Again, we expect adropout rate of 30%
during the second semester. Such a dropout would leave atotal
of 110 participants completing each experimental intervention.
Ten percent of the participants may have to be excluded from
the analyses because of recurrence or diagnosis of metastasis.
That would result in 198 participantsthat complete thefull trial.
We expect that this number will be enough for testing the 6
mediating factors or effect predictors: A classical, conservative
power calculation (analysis of variance for testing 6 mediators
or effect predictors with an intermediate effect size (f2=.08),
corrected according to Bonferroni (alpha=.05/6), and at a power
of .80[81]) would result in approximately 254 participants being
needed. We expect that the actual power when including 198
participants, and not the required 254 participants, will be great
enough to detect up to 6 mediators or effect predictors with the
use of Bayesian statistics[76]. Bayesian statisticsallow analysis
on small sample sizes[76,77], as more power can be generated
with the use of prior information which is incorporated in the
model that isbeing tested. Various papers describe comparisons
between traditional null hypothesis testing and Bayesian
estimation [82-85]. For this study, prior knowledge is available
for many parameters, such as the effects of mindfulness in
cancer survivors[23,25,66,86] and therole of working alliance
inonlineinterventions [87]. Examples of these methods can be
found in both applied psychology and social science articles
[88-92].

Missing Data Handling

Missing data will be analyzed considering their pattern and
randomness following guidelines proposed by Schafer and
Graham [93]. Bias due to systematic missing data will be
managed according to guidelines proposed by Asendorpf et al
[94].
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Descriptives

Quantitative analyseswill be conducted on an intention-to-treat
basis. A flow diagram following the CONSORT guidelineswill
be included. Descriptive statistics will be caculated and

presented. Independent samples t-tests and ¥ tests will be
performed to check for baseline differences between the
respective experimental conditions and the control condition
with respect to demographic variables (eg, family status, age,
gender, and level of education), time since end of treatment,
and baseline levels of the outcome variables. If we find
statistically significant differences in the mean of fatigue

Textbox 1. Hypotheses on effectiveness.

Wolverset al

severity across baseline descriptives, dummy variables will be
added to the model as covariatesto control for these differences.

Core Analysis
Effectiveness

Overview

Five steps will be taken to evaluate the effectiveness of both
interventions, which are explained here in a generic way. The
specific hypotheses on the effectiveness of the interventionsin
our study are shown in Textbox 1.

Primary outcome

In both experimental conditions:

Fatigue severity

«  decreases during the intervention, and

«  remains decreased after 6 months.

After 6 months, fatigue severity has decreased significantly more compared to the control condition.

After 6 months, more participants show aclinically relevant reduction of fatigue severity compared to the control condition. A patient is considered
clinically improved if he or she has a reliable change index of more than 1.96, according to the reliable change index, and the end score has to be
within the normal range, that is ascore < 1 standard deviation above the mean of anormative group [94] (ie, ascore < 30.4 on the CI S fatigue severity

subscale [51]).
Secondary outcomes

For both interventions we expect that:

«  After 6 months, mental health and work ability have improved more than in the control condition.
«  After 12 months, fatigue severity, work ability, and mental health remain improved in both intervention groups.

« Improvementsin mental health and work ability after 6 and 12 months are related to reductions in fatigue severity.

Return to work and reduced absenteeism will be studied as explorative outcomes.

Step 1

Overal effectiveness will be tested in an intention-to-treat
analysis by a multiple group latent growth model [79] using
data from the first semester. This technique allows individuals
to have an individua growth tragjectory over time and
compensates for missing datain an elegant way.

Since different growth patterns are expected for the
pre-intervention period, the intervention period, and the
post-intervention period, we will apply piecewise growth
modeling so that a slope factor will be estimated for each of the
3 periods (Figure 4). Initial intercepts will be configured to
represent the TOb score. Thisintercept and the pre-intervention
slope factor will be constrained to be equal between all 3
conditions (and this assumption will be checked), whereas the
subsequent slope factors will be estimated separately for the 3
conditions.

Thefit of the piecewise model will be compared with aquadratic
model. In the quadratic model, the entire first semester is
modeled with 1 slope factor and 1 quadratic factor for each of
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the 3 conditions and an intercept that represents TOb and is
constrained similarly to the piecewise model.

Both models will be run both with and without using
time-varying loadings in order to check whether corrections
should be made for differences in timings between the
questionnaires. Growth factor estimates and model fits for all
4 models will be reported (Table 5).

Neither the participants nor the researchers (FBE and MW) are
blinded to allocation. Therefore, an independent statistician
(RvdS) who is blind to the alocation will test the primary
hypothesis.

The same procedure will be followed for the secondary
outcomes, except that the initial intercept of mental health will
represent TOa, rather than TOb, because TOb does not include
an assessment of mental health.

Results of frequentist analyses will be reported by P-values
(significant in case <.05) and with 95% confidence intervals.
Parameter estimates of model sby means of Bayesian estimators
will be reported with 95% central credibility intervals.
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Figure4. Simplified representation of apiecewiselinear latent growth model, with latent intercept factor (1), latent slope factors preintervention (S(pre)),
during the intervention (S(int)), and postintervention (S(post)), and 7 indicators Y. Error terms, correlation coefficients, and covariances are left out.

Y(TOa) Y(TOb)

Y(Mg)

Y (Mg) Y(T1) Y(T2)

Table 5. Growth factor estimates of 4 different latent growth models.

Fixed loadings

Time-varying loadings

Piecewise, linear Mean: |, S(pre), S(int), S(post)

Variance: |, S(pre), S(int), S(post)

Mean: |, S(pre), S(int), S(post)
Variance: |, S(pre), S(int), S(post)

Quadratic Mean: I, S, Q Mean: I, S, Q
Variance: |, S, Q Variance: I, S, Q
Step 2 experimental groups. The Bayesian information criterion will

The effect size of both experimental interventions will be
calculated according to recommendations in Feingold (2009)
[95] for both primary and secondary outcomes.

Step 3

The proportion of participants who make clinically relevant
progress on the primary outcome will be calculated for all 3
conditions; again, in an intention-to-treat analysis. Percentages
and standard deviations of the reliable change index will be
presented.

Step 4
A latent growth model will be built of the primary outcome, in
which the outcome measures that have been measured at T3

will aso be included, as distal outcomes of changes in the
primary outcome during the first semester.

Step 5
A growth mixture model (GMM) will be used to further explore
differences between individuals, and more specificaly to

identify subpopulations (latent classes) with homogeneous
growth trajectories of the primary outcome within the

http://www.researchprotocols.org/2015/2/e77/
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be used for model selection [96].

If convergence considerations allow, thismodel will be adjusted
to alow covariance of the growth factors in order to
acknowledge individua variation around the estimated growth
trgjectories. The trace plots will be inspected to check whether
the models have converged to global solutions and a set of
diverse starting values will be used. For more information on
these analyses, we refer to an introduction to GMM and latent
classgrowth analysis by Jung and Wickrama[97] and examples
of similar analysesin thefield of Internet interventions[98] and
cancer patients[41].

Mediators

Overview

The analysis of the mediators of the experimental conditions
can be roughly subdivided into two steps: first analyze the
primary factors individually for their longitudinal correlations
with the outcome (Step 6), then combine the relevant factorsin
amultivariate analysis (Step 7). The specific hypothesis on the
mediating factors of the interventions in this study are shown
in Textbox 2.
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Step 6

For analyzing the mediators of the experimental conditions,
first we want to see whether there is a correlation between the
growth trajectories of our outcome parameter and the potential
mediator over time. The hypotheses considering mediators are
shown in Textbox 2. The combined data from the participants
in the first semester and data from the preferentially assigned
participants in the second semester will be used.

The following subhypotheses will be tested for each primary
mediator (these are also shown in Figure 5):

1. Isthe growth of the primary outcome (Sy) for the entire
study population correlated with growth of the potential
mediator (Sz)?

2. Issuch correlation independent of group?

Textbox 2. Hypotheses on mediators.

Wolverset al

3. Doesthe potential mediator change over timein the specific
group, so is the slope factor (Sz) substantially unequal to
zero?

4. Isthedopefactor in the specific group substantially greater
than the slope factorsin the other groups?

In these 4 subhypotheses, the first is congruent with testing the
“conceptual theory” in classical mediation anaysis, and
subhypothesis 3 with testing the “action theory” If
subhypotheses 1-4 al are true, the factor will be considered a
specific mediator for that intervention. If subhypotheses 1, 2,
and 3—but not 4—are true, the factor will be considered a
general mediator for fatigue severity. If either subhypothesis 1
(conceptual theory) or 3 (action theory) is false, the factor will
not be considered a mediator.

activity [103].

We expect that, for AAF, increasing mean cumulative daily physical activity and reductions of daily physical activity decline are specific mediators.
We expect that, for eMBCT, developing mindfulness skills is a specific mediator.
We expect that sleep quality, working aliance, sense of control over fatigue, credibility, and expectancy are generic mediators for both e-therapies.

The mediating role of the following factorswill be explored: number of sessions completed, changesin causal attributions[99], decreased catastrophizing
thoughts about fatigue [8], decreased fear of cancer recurrence [100,101], changes in perceived activity [102], increased self-efficacy on physical

Figure5. Simplified representation of acorrelated growth model in which ly and Sy represent the intercept and slope factors of the latent growth model
of the outcome parameter, and 1z and Sz represent the latent growth factors of the mediator. H1-4 represent the 4 subhypotheses of Step 6. All indicators

have been left out for clarity.

o ° H2
H1

Group

H H H4

Step 7

The next step in studying potential working mechanisms is a
single-step, multiple-mediation analysisusing structural equation
modeling [104-106]. By estimating such amodel, we expect to
obtain acomprehensive model for all the working mechanisms
of the intervention. It should be noted that this model assumes
that an intervention works in the same way for all participants
in a particular group [107]. Again, data from both semesters
will be used.

http://www.researchprotocols.org/2015/2/e77/

A separate model will be tested for each intervention. Each
model will have the following paths (Figure 6), where
X=independent variable (1/0 for specific intervention vs control
group), Y=outcome variable (difference score T2-TOb of the
primary outcome measure), and Z=mediator:

« a Xregressedon Z.
« b:Zregressedon;
« C:direct effect of X onY.

For each experimental intervention, the starting model will
consist of all the significant primary mediators of Step 6 that
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have also been assessed in the control group. In other words,
the factors that have shown to be mediators in the correlated
growth model will be the starting point for this model. The
model swill then be complemented with the secondary mediating
factors described in Textbox 2. Mediating factors for which the

Wolverset al

indirect effect (ax b) isinsignificant will be removed stepwise,
after which afinal model will be created.

Model fit, standardized path coefficients—including indirect
effects—and the total effect of at |east thefirst and final models
will be reported with 95% confidence intervals.

Figure 6. Multiple mediation model with independent variable (X), dependent variable (Y), and 2 mediators (Z). Direct effect (¢') and indirect effects

(through a x b) are shown.

Effect Predictors

Overview

Two complementing approaches for analyzing the effect
predictors are addressed in steps 8 and 9 of this analysis plan.

Textbox 3. Hypotheses on effect predictors.

The specific hypotheses on the effect predictors for both
interventionsin this particular study are shown in Textbox 3.

We expect that for AAF, low perceived physical activity predicts reduction of fatigue severity.

We expect that for eMBCT, low perceived concentration, previous experience with mediation exercises, high perceived life threat from cancer, and

ahigh education level predict reduction of fatigue severity.

In general, we expect that low perceived socia support, longer time since last treatment, suffering from more comorbidities [108], and having strong
somatic attributions [57] predict small effects on fatigue severity in both interventions. We expect that high sense of control and good sleep quality

predict large effectsin both experimental conditions.

Other factors will be included for explorative research.

Step 8

To find out which participants benefit most from each
intervention, the final model of fatigue severity of Step 1 will
be extended with potential effect predictors (Textbox 3) that
load on the latent growth factors “linear slope” (the “post
randomization” linear slope in case of the piecewise model)
and, if applicable, “quadratic slope” As the regression
coefficientsof al potential effect predictors on the devel opment
of fatigue severity will be freely estimated across the 3
intervention groups, this is also called a moderation effect of
intervention.

Factor loadings of all hypothesized effect predictors will be
reported. Those with the highest loadings will be compared
between the conditions in order to find differential effect
predictors.

http://www.researchprotocols.org/2015/2/e77/

Step 9

To identify common effect predictors of homogeneous
subpopul ations within the heterogeneous population, rather than
identifying effect predictors for individual growth patterns, the
final step will consist of regressing predictors on latent classes.
Therefore, the final model of Step 5, the GMM, will be
extended. Again, several potential effect predictors will be
regressed onto thismodel, but thistime on the latent classfactor,
instead of on the latent growth factors. The 3-step procedure
proposed by Vermunt [109] will be used for model selection.
This step will be carried out separately for each experimental
condition.

Factor loadings of all hypothesized effect predictors will be
reported. Those with the highest loadings will be compared
between the conditions in order to find differentia effect
predictors.
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Results

Recruitment for thetrial started in March 2013 and is expected
to continue until April 2015. No major changes have been made
to the protocol. However, due to an error in the randomization
algorithm between January 14, 2014, and July 15, 2014,
allocation was dependent on the number of participants who
were allocated at once. This in turn was completely random.
Consequently, 10 participants were allocated directly to the
AAF group; 4 other participants were divided equally between
the 2 experimental interventions; and 15 accounts (of which, 1
was a dummy account) were equaly divided between the 3
groups. None of the researcherswere aware of thiserror, asthis
allocation could very well have simply been the result of the
“roll the dice” scenario that should have been applied. How
many participants were allocated at once was not the subject of
the researchers decision-making. Therefore, we argue that
allocation has still been random and, accordingly, data for all
considered participantswill be processed as originally planned.

At the time of this writing in January 2015, 269 patients have
registered at the project website. Of these, 111 have been
officialy included in the study, 50 were excluded from
participation, and 35 withdrew before their eligibility was
checked. Theremaining patientsare still in the enrollment phase.
The main reason for exclusion so far has been a score lower
than 35 on the CI Sfatigue severity subscal e (60%). Furthermore
11% did not meet the psychiatric stability requirement, 8% were
younger than 18 at the time of cancer diagnosis, and 8% were
still receiving cancer treatment.

Current group sizes as of January 2015 for participants in the
first semester are 36 (AAF), 24 (eMBCT), and 32 (control).
However, 19 participants have not yet been randomized. Initial
responses to the primary research question are expected to be
available by the end of 2015.

Discussion

Principal Findings

This paper has described the design, hypotheses and analysis
plan of a randomized controlled trial in order to study the
effectiveness, mediation, and effect predictors of 2
Internet-based interventions for CCRF. Although recruitment
and inclusion have already started, publishing the analysis plan
is of great value because it will help to prevent outcome
reporting bias [110] and adds validity information to the final
studies [111].

By using multiple assessments during the intervention, the
proposed trial design is suitable for studying the chronological
development of both potential mediators and fatigue. That has
2 main advantages. Firstly, the datawill be suitablefor analyses
that alow for variation in the individual fatigue trajectories.

http://www.researchprotocols.org/2015/2/e77/
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We do not expect that either of the interventions that have been
included in the trial will be beneficial for all participants. our
study sample will be highly heterogeneous considering for
example tumor and treatment types. Therefore, the analyseson
individual growth trajectories can acknowledge that expectation
and test that hypothesis. Thiswill substantiate theinterpretation
of the results on effectiveness and will be animportant first step
inidentifying what worksfor whom. Secondly, this study design
enablesusto useafully longitudinal mediation analysis, at least
for the most important factors, rather than using indirect effects
analysisin cross-sectional mediation analysis.

Another important feature of the proposed design is that by
comparing 2 different interventions with an active control group,
therapy-specific el ements of the interventions can be distillated
from the data acquired during thistrial. This advantage counts
for both the effect predictors and the mediators. Knowledge
about such differentiating factors can and should be used to
better inform patients with CCRF and to improve allocation of
patients with CCRF to suitable interventions. As a result, an
increase in the overall effectiveness of relevant interventions
can be established.

In this paper, we have presented thetrial design, our hypotheses,
and a detailed analysis plan. In accordance with good clinical
practice, and to avoid outcome reporting bias, this paper was
submitted before any of the datawas analyzed. All methods are
now openly predetermined, therefore any future publication
describing thistrial can be valued reliably on its quality.

Limitations

A limitation of the current paper isthat for most instruments,
this paper does not include information on its properties or a
thorough rationale for its choice. More extensive information
on the actual instrumentswill be reported in subsequent papers
on the results of the various research questions posed in this
trial.

Conclusions

Given the growing number of patients suffering from CCRF,
the availability of effective Internet interventions potentially
strengthens current health care for this population substantially.
We have proposed a design to study 2 Internet interventionsin
order to gain insight into their effectiveness, mediators, and
effect predictors, which fully acknowledges differences between
individual patients and differences in the way they respond to
each intervention. Results on the effectiveness and mediators
will give useful information for improving both the quality and
availability of such interventions. Also, identifying effect
predictors for positive intervention effects will improve the
referral of patientsto relevant interventions. By presenting our
hypotheses and analytic strategy before completion of data
collection, this paper isafirst step in carefully reporting on this
comprehensivetrial.
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Abstract

Background: Older adults living alone are at increased risk of malnutrition as well as socia isolation. Previous research has
evaluated psychosocial interventions aimed at improving social support for older adults living alone. One meta-analysis in
particular has suggested that multimodal psychosocial interventions are more effective than unimodal interventions. As such, it
may be more effective to deliver an intervention which combines nutritional and social support together. Consequently, we
designed the Rel Ate intervention, which focuses on shared mealtimes as a source of combined social and nutritional support for
older adults living alone who are at risk of social isolation.

Objective: The objective of the RelAtetrial wasto evaluate the impact of such an intervention on energy intake, anthropometric
measurements, and nutritional social cognitive variables among older adults living alone in the community.

Methods: There are 100 participants that will be recruited and randomized to either the treatment (n=50) or the control group.
The treatment group will receive avisit from atrained peer volunteer once weekly for a period of 8 weeks. Outcomes of interest
include: energy intake, social cognitivefactorsrelated to diet, abdominal circumference, body massindex, psychosocial well-being,
frailty, nutritional status, and health utilities. Outcomes will be obtained at baseline, immediately postintervention (8 weeks after
baseline), 12-week follow-up, and 26-week follow-up by assessors blinded to participants’ randomized assignment.

Results: The Relatetria is currently active. We are currently at data analysis stage. The study started in June 2013 and will run
until June 2015.

Conclusions: Resultsfrom this study will primarily describe the effectiveness of a shared mealtime intervention for older adults
living alone in terms of their dietary well-being, physical health, and psychosocial well-being.

Trial Registration: Trial Registration: Clinicaltrials.gov NCT02007551; http://clinicaltrials.gov/ct2/show/NCT00102401
(Archived by WebCite at http://www.webcitation/6WptuV Ttz).

(JMIR Res Protoc 2015;4(2):e43) doi:10.2196/resprot.4050
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Introduction

Socially Isolated Older Adults

Older adults who live alone independently in the community
are at increased risk of becoming socially isolated, relative to
those who live with others [1,2]. Socid isolation, in turn, is a
significant risk factor for the development of cognitive
impairment, aswell asincreased risk of dementia, morbidity of
other types, and mortality [3-5]. Since social isolation has such
a dgnificant effect on older adults, interventions are
recommended. To date, there have been many attemptsto design
and evaluate effective and scalable interventions to improve
social support among older adults. The most common form of
socia support interventionisthe “ befriending” intervention [6],
whereby volunteers are trained to provide emotional support
and reciprocal socia support for the participant. Befriending
interventions can be effective in improving psychosocial
functioning and reducing depressive symptomatology [7].

M ealtime I nterventions

Saocial isolation among older adultsliving alone can also increase
the risk of malnutrition [8-11]. The state of malnutrition itself
is associated with increased morbidity, mortality, and up to 20
times more complications at hospitalization. While studies have
in the past focused on mealtime interventions, these
interventions have tended to focus on institutionalized
populations, or older adultswith dementia[12-20]. The concept
of amealtimeintervention does not appear to have been applied
to a healthy independently living older population. However,
the concept of a mealtime is gaining ground as a scientifically
interesting topic of research [21], particul arly theidea of shared
meal times as opposed to eating alone[22]. A study of 150 ol der
adults found that 32% never shared a meal with others[23].

It is important that interventions are designed according to a
theoretical framework, to inform the research design, the content
of the intervention, and to facilitate interpretation of results
[24,25]. A popular theoretical framework underlying many
psychosocial interventionsis Social Cognitive Theory [26,27].
Interventions designed in accordance with this theory focus on
the individual as learning most effectively from others,
particularly when learning health behaviors. Social cognitive
interventions aim to facilitate the transmission of knowledge
from one individual to another, ideally between peers, so asto
improve self-efficacy and ultimately change behavior. Outcome
expectations, or the belief that a particular outcome will follow
from a behavior, are also of interest as an outcome variable in
socia cognitive interventions.

A meta-analysis of befriending interventions performed by
Cattan et a [28] concluded that active interventions, whereby
some effort on the part of the participant was required, were
more effective than those without. Furthermore, since challenges
arerarely faced inisolation, Sabir et a have recommended that
successful interventions should target more than one challenge
at atime [29]. Combining social and nutritional support may
have synergistic effects on nutritional outcomes since
companionship may improve energy intake at meals [10,30].
Furthermore, social support appears to be best received if
combined with a secondary leisure activity [31], presumably
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because incidental social contact is more acceptable to older
adults than purposeful contact, which may highlight a
stigmatized condition of social isolation [32]. Thus, we decided
to target nutritional and social challenges faced by older adults
living alone in combination, using the Rel Ate shared mealtime
intervention. The purpose of this tria is therefore to examine
the preliminary effectiveness of implementing the Rel Ate shared
mealtime intervention for older adults living alone at risk of
social isolation.

Methods

Study Design

The RelAte trid is a parallel assignment, assessor-blinded,
randomized controlled trial aimed at eval uating the effectiveness
of an 8-week peer-delivered social and nutritional intervention
relative to text-based educational information for older adults
who are living alone and at risk of socia isolation. The trial
protocol was registered on an Internet trial database [33]. The
primary aim of the trial is to indicate the effectiveness of the
RelAte intervention and its impact on socia cognitive and
anthropometric factors for older adults living aone
independently in the community. A total of 100 participants
will be recruited to the study, age 60 and over, and will be
randomly assigned to the treatment or the control group based
on a minimization procedure [34]. The study is a feasibility
trial, and as such, our target sample size is not aimed at
achieving sufficient power to make conclusive statements about
the intervention effectiveness, but rather to obtain sufficient
effect sizes to alow preliminary statements to be made about
the impact of such an intervention, and to inform further,
optimally powered, trial studies evaluating the intervention.

Participants

Participantsfor the current study are eligibleif they are 60 years
of age or older, living alone, and deem themselvesto be at risk
of social isolation. A phone screen will then determine whether
participants are eligible for inclusion in the study according to
the following criteria: that they show no sign of cognitive
impairment as defined using the Telephone Cognitive Screen
[35]; that they do not report a history of stroke, epilepsy,
schizophrenia, bipolar affective disorder, recurrent psychotic
depression, or alcohol or drug abuse within the past 5 years;
that they do not report the use of anticonvulsants or
antipsychotic medications; that they do not have significant
hearing difficulties which are not resolved using a hearing aid;
that they do not report a history of any illness which caused
permanent decrease in memory or other cognitive functions,
and that they do not currently have any bloodborne, airborne,
or contact-borne infectious diseases which would threaten the
well-being of the peer volunteer. In the original protocol plan,
an additional exclusion criterion was that eligible participants
must have scored as socially isolated on the Lubben Social
Network Scale [36], but following the screening of thefirst 10
participants, it was found that this yielded only 20% eligibility
from interested participants; since older adultsliving alone are
aparticularly difficult group to recruit for research without this
additional criterion, it was deemed necessary to instead change
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this criterion to include participantsif they themselves felt that
they were at risk of becoming socially isolated.

Recruitment

Recruitment strategies include: mail-drops to sheltered
accommodation areas in the greater Dublin area; presentations
to senior citizens groups, active retirement groups, and other
social groups for older adults; publications in national
newspapers and use of nationa television media; published
recruitment advertisements in parish newsletters; recruitment
viaday centersand clinics; recruitment via public health nurse
networks and other allied health professionals working in the
community; disseminating fliers to primary care offices and
pharmacies; and word of mouth.

Informed Consent

Approva of the trial protocol and consent forms has been
obtained by the School of Psychology Research Ethics
Committee, Trinity College Dublin (Project, RelAte
12122-2013) prior to the recruitment of any participants. All
participants must provideinformed written consent prior to their
involvement with the study.

M easures

All measureswill be obtained at baseline, 8-weeks posthaseline
(ie, immediately after the 8-week intervention period), 12-week
follow-up, and 26-week follow-up, for all 100 participants.
Assessments will be conducted by research assistants with
qualifications in psychology, who will be blinded to the
randomized assignment of the participants.

Primary Outcome M easur es

Social Cognitive Variables

These variables describe the self-efficacy, self-regulation,
outcome expectations, and social support related to dietary
behavior for participants. The Generalised Self-Efficacy Scale
[37], Nutrition Self-Efficacy Scale [38], and Health Beliefs
Survey [39] will all be used to evaluate these variables across
all participants, across the four measurement points.

Energy Intake

Energy intakein kilocalorieswill be assessed using two 24-hour
dietary recalls, whereby participants are asked to recall in detail
everything they ate and drank over the previous 24-hour period.
The assessors will receive dietetic training in administering
these dietary recalls. The dietary recalls will be converted to
kilocalorie values using Nuitritics software [40].

Secondary Outcome M easures

Quality of Life

Participant quality of life will be measured at each timepoint
using the 19-item Control, Autonomy, Self-Realisation &
Pleasure Scale [41].

Cognition
Participant cognition over time will be measured using the
Montreal Cognitive Assessment [42] and the Trail Making Test

[43]; premorbid cognitive function will be assessed using the
National Adult Reading test at baseline only [44].
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Social Connectedness

The Berkman-Syme Social Network Index will be used to
measure social connectedness over time [45].

Loneliness

The De Jong Gierveld scale will be used to assess loneliness
over time [46].

Psychological Well-Being

Psychological well-being will be assessed across participants
over time using the Centre for Epidemiological Studies
depression scale [47], the Hospita Anxiety & Depression
Anxiety subscale [48], and the Ryff scale of well-being [49].

Nutrition

Nutritional health will be assessed using the Mini Nutritional
Assessment [50] and the Food Enjoyment Scale [51].

Physical Health

Abdominal circumference will be measured using ameasuring
tape; body massindex will be measured using weight (kg) and
height (cm) readings from a clinical stadiometer and body
composition weighing scales. Grip strength and overal frailty
will be assessed and operationalized according to the Survey
of Health, Ageing, and Retirement in Europe frailty instrument
[52], and overal health will be assessed using the Health
Utilities Index [53].

The Intervention

The RelAte intervention is an 8-week, multicomponent
peer-delivered intervention, which is delivered in the home of
the participant. The intervention each week consists of a visit
from a matched peer (matched based on location and gender),
who decides with the participant on a recipe from the RelAte
guidebook. These recipes were chosen based on the ease of
preparation for one person (since the RelAte participants live
alone) and for cost-effectiveness also. Each week, the participant
and volunteer choose a recipe, and the volunteer brings the
ingredients to the home of the participant, so that they can
together prepare and share a meal. The volunteers have all
received basic culinary and nutritional training and, in keeping
with recommendationsfor active interventions, participantsare
advised that they must engage with all steps of the cooking
process, insofar asthey are able. Sincethe intervention is based
on Social Cognitive Theory, there must be opportunities for
vicarious|learning (through watching the volunteer cook), social
support provided by the volunteer, opportunitiesfor skill mastery
(by helping with the cooking), and facilitation of goal setting
if the participant wishes. The weekly visits last for 90 minutes
and, asidefrom the guidelineslisted here, are unstructured. The
participantsin the control group receive the Rel Ate guidebook,
which contains recipes and nutritional /culinary information and
advice, but no visitor.

Planned Analyses

We hypothesize that engagement with the RelAte intervention
will result in increased energy intake for individuals with less
than ideal intake, and decreased energy intake for those with
higher than ideal intake. We hypothesize that self-regulation,
sel f-efficacy, outcome expectations, and social support relating
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to dietary behavior will al improve over time for the treatment
group relative to the control group. A weighted analysis of
covariance model with appropriate covariates of baseline
measures and age, baseline social isolation, and gender will be
used unless there are significant issues with missing data and
unbalanced observations, in which case mixed models analyses
will be used. All analyses will follow the intention-to-treat
principle. In dealing with missing data, multiple imputation
methods will be used.

Results

The Relate trial is currently active. We are currently at data
analysis stage. The study started in June 2013 and will run until
June 2015.

Discussion

To summarize, the RelAte trial is a two-arm, assessor-blind,
parallel randomized controlled trial, which aimsto eval uate the
effectiveness of an 8-week combined social and nutritional
mealtime intervention for older adults living alone who
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self-report to be at risk of socia isolation. We hypothesize that
engagement with the intervention, which is peer-led and
modelled upon Social Cognitive Theory principles, will result
inimproved self-regulation, self-efficacy, outcome expectations,
and socia support pertaining to dietary behavior, as well as
improving energy intake among older adults living alone. The
study is an opportunity also to evaluate dietary behavior and
intake among older adults who live alone, since this type of
research has rarely been conducted with an independent Irish
older population. It is expected that recruitment issues may
hinder study progress, since older adults living alone are
reportedly a difficult demographic to recruit for research.
Furthermore, since older adults living alone are at increased
morbidity risk, it is possible that the later measurement points
of the study will be subject to ahigh attrition rate, although this
is unavoidable with this popul ation. Similarly, adherenceto the
weekly 8-week intervention may be poor, due to unavoidable
health-related issues. Findings will not be conclusive since the
sample size is not based on a power calculation; however,
findings will indicate the preliminary effectiveness of a shared
mealtimeintervention, and hopefully elucidate future directions
for research in this area.
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Abstract

Background: Prostate cancer isthe most common cancer in males in the UK and affects around 105 men for every 100,000.
Therole of radiotherapy in the management of prostate cancer significantly changed over the last few decades with devel opments
in brachytherapy, external beam radiotherapy (EBRT), intensity-modul ated radiotherapy (IMRT), and image-guided radiotherapy
(IGRT). One of the challenging factors of radiotherapy treatment of localized prostate cancer is the development of acute and
late genitourinary and gastrointestinal toxicities. The recent European guidelines suggest that there is no consensus regarding the
timing of high-dose rate (HDR) brachytherapy and EBRT. The schedules vary in different institutions where an HDR boost can
be given either before or after EBRT. Few centers deliver HDR in between the fractions of EBRT.

Objective: Assessment of acute genitourinary and gastrointestinal toxicities at various time points to better understand if the
order in which treatment modality is delivered (ie, HDR brachytherapy or EBRT first) has an effect on the toxicity profile.

Methods: Timing of HDR brachytherapy with EBRT in Prostate CAncer (THEPCA) is a single-center, open, randomized
controlled feasibility trial in patients with intermediate and high-risk localized prostate cancer. A group of 50 patients aged 18
years old and over with histological diagnosis of prostate cancer (stages T1b-T3BNOMO), will be randomized to one of two
treatment arms (ratio 1:1), following explanation of the study and informed consent. Patients in both arms of the study will be
treated with HDR brachytherapy and EBRT, however, the order in which they receive the treatmentswill vary. In Arm A, patients
will receive HDR brachytherapy before EBRT. In Arm B (control arm), patients will receive EBRT before HDR brachytherapy.
Study outcomes will look at prospective assessment of genitourinary and gastrointestinal toxicities. The primary endpoint will
be grade 3 genitourinary toxicity and the secondary endpoints will be all other grades of genitourinary toxicities (grades 1 and
2), gastrointestinal toxicities (grades 1 to 4), prostate-specific antigen (PSA) recurrence-free survival, overall survival, and quality
of life.

Results: Results from this feasibility trial will be available in mid-2016.

Conclusions: If the results from this feasibility trial show evidence that the sequence of treatment modality does affect the
patients' toxicity profiles, then funding would be sought to conduct a large, multicenter, randomized controlled trial.
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Trial Registration:

International Standard Randomized Controlled Trial Number (ISRCTN):
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15835424,

http://ww.isrctn.com/ISRCTN 15835424 (Archived by WebCite at http://www.webcitation.org/6X z7jfglu).

(JMIR Res Protoc 2015;4(2):e49) doi:10.2196/resprot.4462
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Introduction

Disease Background

Prostate cancer isthe most common cancer in malesin the UK,
affecting around 105 men for every 100,000 [1]. The role of
radiotherapy (RT) in the management of prostate cancer
significantly changed over the last few decades with
developments in brachytherapy (BT), external beam
radiotherapy (EBRT), intensity-modul ated radiotherapy (IMRT),
and image-guided radiotherapy (IGRT). One of the challenging
factors of radiotherapy treatment of localized prostate cancer
is the development of acute and late genitourinary and
gastrointestinal toxicities. There are several studies and case
series published in the literature assessing the toxicities
developed during EBRT and brachytherapy treatment for
prostate cancer.

Background for Study

EBRT and brachytherapy emerged asthe mainstays of localized
prostate cancer treatment in recent years. Brachytherapy can be
delivered either in low-dose rate (LDR) or in high-dose rate
(HDR). The low-risk, localized prostate cancers can be treated
with low-dose brachytherapy or by prostatectomy, whereas the
intermediate and high-risk localized prostate cancersare usually
treated with EBRT aone or in combination with HDR
brachytherapy (HDR-BT). HDR monotherapy in this patient
group is not routinely practiced unless as part of a study.
Radiation dose escalation has been proven to be effective in
biochemical response and clinical outcomesin prostate cancer.
However, increased toxicity limits the total dose of radiation
that can be safely administered [2-4]. Combining external beam
radiotherapy with a brachytherapy boost has been effective in
tumor control, allowing for significant dose escal ation without
any changein acute and late toxicitiesin comparison to external
beam radiotherapy alone [5].

The relative sensitivity of radiotherapy depends on the
alpha/betaratio. Thisratio expressesthe sensitivity to radiation
fraction size and estimates the impact of the given radiation
schedule on tumor control and toxicity. There is increasing
evidence to support the alpha/beta ratio for prostate cancer to
be as low as 15 Gy. The evidence indicates that a
hypofractionated radiation schedule—Ilarger dose per fraction
with smaller number of fractions—would offer optimal tumor
control [6-9]. Asaresult, the practice of combining EBRT with
HDR brachytherapy is gaining momentum in clinical practice.
However, the current practice across the globe differs in both
radiation doses and in the timing of each modality delivered.

The recent European guidelines suggest that there is no
consensus regarding the timing of HDR brachytherapy and

http://www.researchprotocols.org/2015/2/e49/

EBRT. The schedules vary in different institutions where an
HDR boost can be given either before or after EBRT. Few
centers deliver HDR in between the fractions of EBRT [10].

The EBRT doses range from 37.5 Gy in 13 fractions (2.88 Gy
per fraction) to 45 Gy in 25 fractions (1.8 Gy per fraction) when
given with HDR. The total HDR brachytherapy dose can be
delivered in fractions, however asingle dose of 15 Gy isgaining
acceptance acrosstheworld duetoitslogistical advantage [10].
The time gap between the two radiotherapy modes of delivery
is generally within 21 days.

The toxicity profile of radiation therapy is dependent on the
type of modality used to deliver the treatment, and whether the
treatment is delivered as a combined modality or standalone
treatment [11]. A randomized phase 111 trial where EBRT was
delivered before HDR showed that the 5- and 7-year incidence
for patients with any severe urinary symptom was 26% and
31%, respectively, for those treated with EBRT and HDR-BT
delivered sequentially. For patients given EBRT aone, the 5-
and 7-year incidence was 26% and 30%, respectively (log rank
P=.5). Theincidence of severebowel eventsfor the EBRT/HDR
combination group was considerably lower—7% and 6% at 5
and 7 years, respectively (log rank P=.8) [5]. On the other hand,
a single-arm phase Il study was performed to determine the
toxicity profile of EBRT delivering a dose of 37.5 Gy in 15
fractions that was given after a single-fraction HDR boost of
15 Gy. Inthis study, Morton et al found acute grade 2 and grade
3 genitourinary toxicity in 62% and 1.6% of patients,
respectively, and acute grade 2 gastrointestinal toxicity in 6.5%
of patients, with no grade 3 gastrointestinal toxicity [12].

Both acute and late toxicity assessments in prostate cancer
patients are assessed by various tools. For example, the
European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire for Cancer Patients (EORTC
QLQ-C30), the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnairefor Prostate
Cancer Patients (QLQ PR25), the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE)
grading system, the Functional Assessment of Cancer
Therapy-Prostate (FACT-P), version 4, the International Prostate
Symptom Score (IPSS), the International Index of Erectile
Function Scale (11EFS), and the Expanded Prostate Cancer |ndex
Composite (EPIC) questionnaire may be used for toxicity
assessments. Furthermore, the same data collection tools are
used to measure health-related quality of life.

Rationale and Risks/Benefits

Thereis no consensus about the timing of HDR brachytherapy
when treating prostate cancer along with EBRT. The advantages
of using HDR brachytherapy before EBRT are that patients
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could potentially be identified who are not suitable for
brachytherapy early in the treatment process. As the patients
would be radiotherapy naive, there would be less chance of soft
tissue injury during the brachytherapy process if BT is given
first. However, having brachytherapy first can be logistically
difficult in a busy radiotherapy unit in terms of planning and
arranging delivery of EBRT within 2 to 3 weeks of BT.
Moreover, if the patients develop acute urinary complications
during brachytherapy they would need to continue with EBRT
with a urinary catheter, which could potentially prolong the
duration of the catheter in situ and cause significant patient
discomfort.

On the other hand, delivering EBRT first is logistically easier
to arrange and could theoretically make the hypofractionated
radiation dose of brachytherapy more effective, as tumor cells
could become more radiosensitive due to molecular changes
having beeninduced by EBRT. However, normal tissue damage
due to delivery of EBRT first could make the brachytherapy
procedure difficult with increased risk of toxicity. It is, therefore,
essential to know whether there are any significant differences
in toxicities and treatment outcomes, especially acute urinary
toxicity among the two treatment approaches.

This randomized feasibility study will look at the treatment
arms according to the timing of HDR brachytherapy—either
before or after EBRT—and their toxicity profiles. The study is
called Timing of HDR brachytherapy with EBRT in Prostate
CAncer (THEPCA). Assessment of acute and late toxicitiesand
other parameters in these two arms at various time points will
enable appropriate sequencing of EBRT and HDR therapy
resulting in an optimal level of reduced toxicity. Thetreatments
from both arms will be delivered with standard planning
techniques. The incidence of grade 3 genitourinary toxicity is
1.6% in this cohort of patients[5]. Additionally, thisfeasibility
study will also explore the challenges of image-guided
radiotherapy planning between the two study arms. Provided a
significant difference between the two treatment arms is
achieved following final analysis, consideration will be made
to use thisto inform the development of afurther pivotal study
to look more deeply into the toxicity and other parameters
related to the treatment.

Trial Objectives

Primary Objective

The primary objective of thisstudy isthe prospective assessment
of genitourinary toxicities related to the treatment sequence of
HDR brachytherapy and EBRT.

http://www.researchprotocols.org/2015/2/e49/
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Secondary Objectives

The secondary objectives of this study are to assess treatment
outcomes, including biochemical response and survival,
prospective assessment of gastrointestinal toxicities according
to the treatment sequence of HDR brachytherapy and EBRT,
and assessment of radiotherapy planning challenges, including
image-guided radiotherapy.

Primary and Secondary Endpoints

The primary endpoint of this study is the presence of grade 3
genitourinary toxicity in patients. The secondary endpoints of
this study are the presence of al other grades of genitourinary
toxicity (ie, grades 1 and 2), the presence of gastrointestinal
toxicity (ie, grades 1 to 4), prostate-specific antigen (PSA)
recurrence-free survival, overall survival, and quality of life

(QoL).
Methods

Trial Design

This study will be a randomized, two-arm trial in which
intermediate and high-risk prostate cancer patients are treated
with both HDR brachytherapy and EBRT. In Arm A, patients
will receive HDR brachytherapy before EBRT. In Arm B
(control arm), patients will receive EBRT before HDR
brachytherapy. The assessment of the acute and late toxicities
at varioustime pointswill be carried out. The treatment should
start within 3 months from the randomization date. This trial
has been registered with the International Standard Randomi zed
Controlled Trial Number (ISRCTN) registry (ISRCTN:
15835424).

Toxicity will be assessed using the following tools:
1. International Prostate Symptom Score (IPSS)
2. International Index of Erectile Function Scale (I1EFS)

3. Functional Assessment of Cancer Therapy-Prostate
(FACT-P), version 4

4. National Cancer Institute Common Terminology Criteriafor
Adverse Events (CTCAE), version 4, grading system

The THEPCA study scheme design is shown in Figure 1.
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Figure1l. THEPCA study scheme design.
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It is estimated that the dropout rate due to screen failures will
be approximately 10%. Inclusion and exclusion criteriafor the

A total of 50 patientswill berecruited to thewhole study, which  study are shown in Textbox 1.

includes both arms of the study for evaluation of the outcomes.

Textbox 1. Inclusion and exclusion criteriafor the THEPCA study.

Inclusion Criteria

« 18yearsof ageor older

. Histologically diagnosed prostate cancer (stages T1b-T3bNOMO)
«  Any Gleason score

« AnyPSA level

«  Patient must be able to provide consent and fill in the questionnaires

Exclusion Criteria

o  Any metastatic disease

« AnIPSSgrester than 20

o Pubic archinterference

o  Lithotomy position

« Anesthesiaisnot possible
o Rectd fistula

«  Prior pelvic radiotherapy

«  Previoustransurethral resection of the prostate (TURP)/holmium laser enucleation of the prostate (HoLEP) laser prostatectomy
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Study Procedures

Screening Procedures

Patients will undergo the following procedures as per the
standard of care, the results of which will be communicated to
the investigator for their review prior to approaching the
potential participant: tumor staging (CT/MRI/bone scans),
histological confirmation of diagnosis (Gleason score), and PSA
measurement.

I nformed Consent and Randomization Procedures

Overview

It is the responsibility of the investigator, or an appropriately
trained person (ie, trained in Good Clinical Practice [GCPF])
delegated by the investigator as documented in the site
delegation log, to obtain written informed consent from each
participant prior to any participation-/study-specific procedures.
This will follow adequate explanation of the aims, methods,
anticipated benefits, and potential hazards of the study.

The participant will be given ample time to consider giving
their informed consent for the study—for this study, 24 hours
will be given during which time the consenting physician will
be reachable by phone to answer any questions. The date that
the Participant Information Sheet (P1S) is given to the partici pant
will be documented within the patient’s notes to ensure that
sufficient time was given.

If, for some reason, the consenting physician is not accessible
by phone and the participant wishes to speak with them, a
second consent visit should be arranged.

The investigator, or other qualified person, will explain to the
potential participant that they are free to refuse involvement
with any part of the study, or aternatively may withdraw their
consent at any point during the study for any reason.

If there is any further safety information which may result in
significant changes in the risk/benefit analysis, the PIS and the
Informed Consent Form (ICF) will be reviewed and updated
accordingly. All participants that are actively enrolled in the
study will be informed of the updated information and given
revised copies of the PISand ICF in order to confirm their wish
to continue in the study.

Randomization

Randomization will be carried out by the clinical trials data
manager withinthe AngliaRuskin Clinical TrialsUnit (ARCTU)
at Anglia Ruskin University (ARU). ARCTU uses the Trans
European Network ALEA (TENALEA) randomization service
provided by the Trans European Network for Clinical Trial
Services. Thisisan Internet-based randomization system, which
will be set up for the study by ARCTU in accordance with the
protocol. It will beasimple 1:1 ratio randomization, which will
only be possibleif aparticipant meetstheinclusion criteriaand
not the exclusion criteria. The system stores the predetermined
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sequence of randomization—this list is not visible to the
investigator or to the Anglia Ruskin Clinical Trials Unit. Once
a patient has consented to take part in the trial, they will be
randomly allocated to either Arm A or Arm B. The research
nurse or investigator will 1og onto the Web browser application
and enter the patient’s eligibility and stratification factors into
the system. The study arm allocation is then returned to the
investigator and to selected members of ARCTU and the study
team. Please refer to the study scheme diagram in Figure 1.

Baseline Procedures

Thefollowing baseline procedures will be performed: physical
examination, measurement of vital signs, and assessment of
QoL baseline (IPSS, IIEFS, FACT-P, CTCAE questionnaires),
hematol ogy, biochemistry, concomitant treatment (eg, androgen
deprivation therapy [ADT]), and PSA.

Treatment Modalities

Brachytherapy Procedure

The brachytherapy procedure will be carried out at the surgical
theaters in Southend University Hospital. The steps are as
follows:

1. Patients will undergo prostate implantation under general or
spinal anesthetic using a transrectal ultrasound-guided
transperineal technique.

2. Imaging according to local practice using ultrasound, CT,
and/or MRI will be undertaken.

3. Theclinical target volume for prostate (CTVp) is defined by
the prostate capsule and is extended to include any extra capsular
or seminal vesicle disease. A volumetric expansion of 3 mm
constrained to the rectum posteriorly isthen added—this defines
the planning target volume (PTV).

4. Catheter reconstruction and dwell time definition is then
undertaken to provide a treatment plan for approval by the
treating clinician.

5. Treatment is delivered once an optimized plan has been
approved.

6. After completion of treatment in the brachytherapy room,
the implant catheters and urinary catheter are removed—no
anesthesiais required for this procedure.

7. The patient will return to the ward and may be discharged
home later the same day or the following day.

Dose Prescription

A dose of 15 Gy will be given in a single treatment exposure
defined at 100% isodose, which is the minimum tumor isodose
to cover the PTV. PTV recommendations are as follows:. the
minimum dose received by 90% of PTV (D90) should be =15
Gy, and the volume of the target area receiving 100% of the
prescribed dose (V100) should be 295%. See Table 1 for the
risk-tolerance doses of the rectum and urethra.
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Table 1. Organs at risk-tolerance doses.
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Organ Risk-tolerance dose
Rectum D2cc? 12 Gy
Rectum V100° Occ
Urethra D10° <17.5Gy
Urethra D30¢ <165 Gy
Urethra VV150° Occ
3Dose to 2 cm3(D2cc).

Byv/olume of target areareceiving 100% of prescribed dose (V 100).
“Dose covering 10% (D10) of the urethral volume.
9Dose covering 30% (D30) of the urethral volume.
®Volume of target area receiving 150% of prescribed dose (V 150).

External Beam Radiotherapy

EBRT will be given to prostate and seminal vesiclesonly, using
either intensity-modul ated radiotherapy or volumetric-modul ated
arc radiotherapy (VMAT) to a dose of 46 Gy in 23 fractions
over 4% weeks. The dose-volume histogram (DVH) would be
according to the local radiotherapy protocol. The gap between
BT and EBRT, irrespective of their sequence, should not exceed

Table 2. Schedule of assessments during the study.

3weeks. Therefore, thetota radiotherapy treatment time should
be up to 72 weeks.
Androgen Deprivation Therapy

Patients will receive neoadjuvant and adjuvant antiandrogen
therapy from 6 months to 3 years according to the risk
stratification of the disease as per the standard of care.

Table 2 showsthe schedul e of assessmentsthroughout the study.

Steps and Pretreatment time points  Treatment time points Posttreatment time points®
assessments

Screeni ngband consent  Baseline  Start of second treatment® 6 weeks 3months 6months 9 months 12 months
Informed consent *
Physical examina- * * * * * * *
tion
V|ta| S'gns * * * * * * *
QoL, IPSS, IIEFS,
FACT-P, CTCAEY * « x «
Hematology * *
Biochemistry * *
Concomitant treat-
ment (@7 ADTd) * * * * * * *
Tumor staging *
Histological confir- *
mation of diagnosis
PSA\d * * * * * *
RT%nd brachythera-
py dose *

Bassessments performed after complete treatment
bszcreening procedures carried out as per standard of care
Cstart day of second treatment modality

dQual ity of life (QoL), International Prostate Symptom Score (IPSS), International Index of Erectile Function Scale (11 EFS), Functional Assessment of
Cancer Therapy-Prostate (FACT-P), Common Terminology Criteriafor Adverse Events (CTCAE), androgen deprivation therapy (ADT), prostate-specific

antigen (PSA), radiotherapy (RT).
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End of Study Definition

The definition of the end of the study is the point at which the
last patient recruited has had thelast visit at the end of the 1-year
follow-up session.

Participant Withdrawal

Overview

A patient may withdraw, or be withdrawn, from trial treatment
for the following reasons:

1. If the patient has to undergo urinary catheterization for
relieving blockage symptoms while undergoing EBRT and
should not proceed further with HDR.

2. Any other unforeseen toxicity developed during RT treatment,
and as aconsequence the patient is unabl e to finish the protocol
treatment.

The withdrawn patients will be followed as per protocol up to
the end of year 1 from the time of completed treatment. With
ongoing consent, patients should remain in the trial and be
followed up according to the protocol visit schedule.

Withdrawal of Consent

Patients may withdraw their consent to participate in the trial
at any time. If the patient explicitly states their wish not to
contribute further data to the study, the investigator should
inform the coordinating center in writing and the withdrawal
of consent should be documented by the investigator in the
patient’s case report form (CRF). However, data up to thetime
of consent withdrawal will be included in the data reported for
the study.

Although the participant is not obliged to give the reason for
withdrawing their consent, this information will help ascertain
any trends related to trial procedures and may influence the
protocol development in future projects.

Laboratory Tests

All laboratory tests will be taken as per the standard of care
within the local pathology department at Southend University
Hospital National Health Service (NHS) Foundation Trust. Tests
includefull blood count (FBC), liver function tests (LFTS), urea,
electrolytes, and PSA.

The samples will be collected by the trial nurse, labelled and
logged in the CRFs, processed according to the local standard
operating procedures (SOPs), and the results will be recorded
in the CRFs.

Phar macovigilance
General Definitions

Adver se Event

An adverse event (AE) is any untoward medical occurrencein
a participant to whom a medicina product has been
administered, including occurrences which are not necessarily
caused by, or related to, that product. An AE can, therefore, be
any unfavorable and unintended sign, including an abnormal
laboratory finding, symptom, or disease temporarily associated
with study activities.

http://www.researchprotocols.org/2015/2/e49/
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Serious Adver se Event

A serious adverse event (SAE) fulfils at least one of the
following criteria: (1) is fatal—results in death (NOTE: death
isan outcome, not an event), (2) islife-threatening, (3) requires
inpatient  hospitalization or prolongation of existing
hospitalization, (4) results in persistent or significant
disability/incapacity, (5) is a congenital anomaly/birth defect,
or (6) is otherwise considered medically significant by the
investigator.

I nvestigator’s Assessment

Seriousness
The chief investigator (Cl) or principal investigator (Pl)
responsible for the care of the participant, or in his absence an
authorized medic within the research team, is responsible for
ng whether an event is serious according to the definitions
given above.

Causality

Theinvestigator must assess the causality of all seriousadverse
events in relation to the trial treatment according to the
definitions given above.

Expectedness

The investigator must assess the expectedness of al SAEs
according to the definitions given above. If the SAE is
unexpected and related, then it needs immediate reporting.

Severity

Theinvestigator must assess the severity of the event according
to the following terms and assessments. The intensity of an
event should not be confused with the term “serious’ whichiis

a regulatory definition based on participant/event outcome
criteria.

1. Mild: intensity of an eventismild if some discomfort isnoted,
but without disruption of daily life.

2. Moderate: intensity of an event is moderate if discomfort is
enough to affect/reduce normal activity.

3. Severe: intensity of an event is severeif it causes acomplete
inability to perform daily activities and lead a normal life.

Notification and Reporting of Adverse Events or
Reactions

If the AE is not defined as serious, the AE isto be recorded in
the study file and the participant is to be followed up by the
research team. The AE isto be documented in the participant’s
medical notes where appropriate, and in the CRF.

Notification and Reporting of Serious Adverse Events

Serious adverse events that are considered to be related and
unexpected are to be reported to the sponsor within 24 hours of
learning of the event and to the main research ethics committee
(REC) within 15 daysin line with the required time frame. For
further guidance on this matter, please refer to Multimedia
Appendix 1.
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Urgent Safety Measures

The CI may take urgent safety measures to ensure the safety
and protection of the clinical trial participants from any
immediate hazard to their health and safety, in accordance with
Regulation 30 of The Medicinesfor Human Use (Clinical Trials)
Regulations 2004: Sl 2004/1031. The measures should betaken
immediately. In this instance, the approval from the licensing
authority prior to implementing these safety measures is not
required. However, it is the responsibility of the CI to inform
the sponsor and main research ethics committee—via
telephone—of this event immediately.

The CI has an obligation to inform the main ethics committee
inwriting within 3 days, in the form of asubstantial amendment.
The sponsor must be sent a copy of the correspondence with
regard to this matter. For further guidance on this matter, please
refer to Multimedia Appendix 1.

Annual Safety Reporting

The CI will send the Annual Safety Report (ASR) to the main
REC using the National Research Ethics Service (NRES)
template—the anniversary date is the date on the multicenter
research ethics committee (MREC) “favorable opinion”
letter—and to the sponsor.

Overview of the Safety Reporting
Process’Pharmacovigilance Responsibilities

The ClI has the overall pharmacovigilance oversight
responsibility. The ClI has a duty to ensure that
pharmacovigilance monitoring and reporting is conducted in
accordance with the sponsor’s requirements.

Statistical Consider ations

Primary Endpoint Analysis
Percentages will be compared using Fisher's exact test. This

analysiswill be carried out after the end of the follow-up at 12
months.

Secondary Endpoint Efficacy Analysis

For the IPSS and || EFS scale scores, the two means at each of
the follow-up assessments will be compared using atwo-sided
permutation t test, and the 95% confidence limits for the
difference between the means will be calculated using a
bootstrap method. There will also be an assessment of trends
in the scores over time using a repeated measures analysis of
variance on the four follow-up scores, with the baseline score
as a covariate. Prostate-specific antigen relapse-free survival
will be estimated using the Kaplan-Meier method, with a test
for the difference between the survival curvesusing the log-rank
test. Cox proportional hazards multiple regression will also be
used to assess the effects of covariates on survival. For this
feasibility study, this analysis will be carried out after the end
of thefollow-up at 12 months, whereasfor amain study alonger
follow-up period would be considered.

Safety Endpoints

Asthe primary endpoint is concerned with adverse events, this
will be a central concern of the primary endpoint analysis as

http://www.researchprotocols.org/2015/2/e49/
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described above—the analyses will be carried out after the end
of the follow-up at 12 months.

Sample Size

Inthisfeasibility study, the sample size has not been determined
according to statistical principles, but is the number judged to
be suitable for evaluating the suitability of the processes and
procedures of running the study, and for assessing the patient
experience and adherencein the study. To thisend, two samples
of 25 patients—50 overall—will be randomized to the two
treatments.

Statistical Analysis

Although the sample size will be small, there will nevertheless
be attempts to analyze the data in the same way as would be
the case for a main study. However, this might not always be
possible depending on the pattern of the outcomes and missing
values. For descriptive statistical summaries, continuous data
will be summarized using means, medians, standard deviations,
interquartile ranges, and ranges. Categorical data will be
summarized using counts and percentages. All statistical
significance testing will be at the 5% significance level. For the
IPSS and IIEFS scale scores, the two means at each of the
follow-up assessments will be compared using a two-sided
permutation t test using 1,000,000 random permutations, and
the 95% confidencelimitsfor the difference between the means
will be calculated using a bootstrap method using 9999
resamplings. There will also be an assessment of trendsin the
scores over time using arepeated measures analysis of variance
on the four follow-up scores with the baseline score as a
covariate.

For categorical data based on adverse events, percentages will
be compared using Fisher'sexact test. Inthissmall study it will
be possible to carry out the full combinatorial calculations for
Fisher's exact test, whereas in a main study, 10,000 random
permutations will be obtained in a Monte Carlo approach. For
differences between percentages, the 95% confidence limits
will be obtained using Newcombe's Hybrid Score Interval
method. For the secondary analysis, prostate-specific antigen
relapse-free survival will be estimated using the Kaplan-Meier
method, with a test for the difference between the survival
curves using the log-rank test—the P value will be obtained
using a permutation test with 10,000 permutations. Cox
proportional hazards multiple regression will also be used to
assess the effects of covariates on survival, with model
comparisons carried out using likelihood ratio tests. The analyses
will be performed using the computer program R. All
randomized participantswill beincluded in the analyses. There
are no planned interim analyses.

Data Handling and Record Keeping

Confidentiality

Theinvestigator hasthe responsibility to ensurethat participant
anonymity isprotected and maintained. He/she must al so ensure
that participant identities are protected from any unauthorized
parties. Information with regard to study participants will be
kept confidential and managed in accordance with the Data
Protection Act, NHS Caldicott Guardian, The Research
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Governance Framework for Health and Social Care and Study Documents

Research Ethics Committee Approval. The list of study documentsis shown in Textbox 2.

Textbox 2. Study documents required for the administration of the THEPCA study.
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« A signed protocol and any subseguent amendments

o Current/superseded Participant Information Sheets (as applicable)
«  Current/superseded Informed Consent Forms (as applicable)

«  Indemnity documentation from sponsor

«  Conditions of sponsorship from sponsor

«  Conditiona/final research and development (R& D) approval

«  Signed site agreement

»  Ethics submissions/approval s/correspondence

« CVsof Cl and site staff

« Delegationlog

»  Staff training log

« Sitesignaturelog

«  Participant identification log

«  Screening log

o  Enrolment log

«  Monitoring visit log

«  Protocol training log

«  Correspondence relating to the trial

o SAE reporting plan for the study

»  Laboratory accreditation letter, certification, and normal ranges for al laboratories to be utilized in the study

«  Communication plan between the CI/Pl and members of the study team

Case Report Form

Project data collection will be managed by the Clinical Trias
Unit data manager who will oversee recruitment and collection
of data. The responsibility for data entry restswith the research
nurse who is supported by the investigator. The ARCTU uses
an online data management system called MACRO to design
and manage electronic case report forms (eCRFs). The ARCTU
will work together with the Southend study team to design and
validate the data collection tools so that they are appropriate
for this study. Once a patient is enrolled in the study, the
research team can access these forms remotely through the
Internet portal and study data will be entered and captured for
the study.

All data will be in anonymized form—patients will be
identifiable only by study number. Data will be remotely
monitored by the ARCTU and discussed at data monitoring
committee meetings. Any inconsistencies, validation errors, or
inaccuracies will be reported to the lead investigator regularly.
Oncedatacollection is complete and the data has been validated,
adatalock will be performed and analysis can begin.

http://www.researchprotocols.org/2015/2/e49/

Record Retention and Archiving

During the course of the research, al records are the
responsihility of the chief investigator and must be kept in secure
conditions. When the research trial is complete, it is a
reguirement of the Research Governance Framework and Trust
Policy that the records be kept for afurther 20 years.

Compliance

The Cl will ensurethat thetrial is conducted in compliance with
the principles of the Declaration of Helsinki (1996), and in
accordance with al applicable regulatory requirements,
including, but not limited to, the Research Governance
Framework, Trust and Research Office policies and procedures
and any subsequent amendments.

Clinical Governance | ssues

Ethical Considerations

This protocol and any subseguent amendments, along with any
accompanying material provided to the participant in addition
to any advertising material, will be submitted by theinvestigator
to an independent research ethics committee. Written approval
from the committee must be obtained and subsequently
submitted to the Trust’s Research and Development Office to
obtain final R&D approval.
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Quality Control and Quality Assurance

Summary Monitoring Plan

The ARCTU will ensure that the project is carried out in
accordance with the Research Governance Framework. All
research team members will have GCP training before the
research commences to ensure every aspect from trial design
to disseminationiscarried out in line with these principles. GCP
is an international quality standard that is provided by the
International Conference on Harmonisation (ICH), an
international body that defines standards, which governments
can transposeinto regulationsfor clinical trialsinvolving human
subjects.

Audit and I nspection

The definition for auditing from section 1.6 of the ICH GCP
Guideline is as follows: “A systematic and independent
examination of trial related activities and documents to
determine whether the evaluated trial related activities were
conducted, and the datawere recorded, analysed and accurately
reported according to the protocol, sponsor's standard operating
procedures (SOPs), Good Clinical Practice (GCP), and the
applicable regulatory requirement(s).”

The THEPCA study may receive an audit by any of methods
listed below:
1. A project may be identified via the risk assessment process.

2. An individua investigator or department may reguest an
audit.

3. A project may be identified via an allegation of research
misconduct or fraud, or a suspected breach of regulations.

4. Projects may be selected at random. The Department of
Health statesthat Trusts should be auditing a minimum of 10%
of al research projects.

5. Projects may be randomly selected for audit by an external
organization. Internal audits will be conducted by a sponsor’s
representative.

Noncompliance

Noncompliance, as described in the ICH GCP Guideline, can
be defined as “a noted systematic lack of both the Cl and the
study staff adhering to SOPs/protocol/I CH-GCP, which leads
to prolonged collection of deviations, breaches or suspected
fraud.”

Noncompliance events may be captured from a variety of
different sources including monitoring Vvisits, CRFs,

Conflictsof Interest
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communications, and updates. The sponsor will maintain alog
of the noncompliance eventsto ascertain if there are any trends
devel oping which need to be escalated. The sponsor will assess
the noncompliance events and implement atimeframe of actions
in which they need to be dealt with. Each action will be given
a different time frame dependent on the severity. If the
noncompliance events are not dealt with accordingly, the
sponsor will agree on an appropriate action, including an on-site
audit.

Trial Committees

Trial Management Group

A Tria Management Group (TMG) has been formed comprising
the chief investigator, other lead investigators—clinical and
nonclinical—and members of the data centers. The TMG will
be responsible for the day-to-day running and management of
the triadl and will meet at least three times a year by
teleconference.

Trial Steering Committee

The Trial Steering Committee (TSC) has membership from
TMG plus independent members, including the chair. Therole
of the TSC is to provide overall supervision for the trial and
provide advice through itsindependent chairman. The ultimate
decision for the continuation of thetrial lieswith the TSC.

Independent Data M onitoring Committee

The Independent Data Monitoring Committee (IDMC) is the
only group who sees the confidential, accumulating data from
thetrial. Reportsto the IDMC will be produced by the Clinical
Trials Unit (CTU) statisticians. The IDMC will meet within 6
months of the trial opening, with the frequency of meetings
dictated by the IDMC.

Radiotherapy Quality Assurance Subgroup

The Radiotherapy Quality Assurance Subgroup developed the
RT quality assurance (QA) plan and issued guidance on
delivering RT in thistrial.

Results

Resultsfrom thisfeasibility trial will be available in mid-2016.

Discussion

If the results from this feasibility trial show evidence that the
sequence of treatment modality does affect the patients' toxicity
profiles, then funding would be sought to conduct a large,
multicenter, randomized controlled trial.

[PDFE File (Adobe PDF File), 70KB - resprot_v4i2e49 appl.pdf ]
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Abbreviations

ADT: androgen deprivation therapy

AE: adverse event

ARCTU: AngliaRuskin Clinical Trials Unit

ARU: Anglia Ruskin University

ASR: Annual Safety Report

BT: brachytherapy

Cl: chief investigator

CREF: case report form

CTCAE: Common Terminology Criteriafor Adverse Events
CTU: Clinical Trials Unit

CTVp: clinical target volume for prostate

D2cc: doseto 2cm3

D10: dose covering 10% of volume

D30: dose covering 30% of volume

D90: minimum dose received by 90% of planning target volume
EBRT: external beam radiotherapy

eCRF: electronic case report form

EORTC QL Q-C30: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire
for Cancer Patients

EPIC: Expanded Prostate Cancer Index Composite
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FACT-P: Functional Assessment of Cancer Therapy-Prostate
FBC: full blood count

GCP: Good Clinical Practice

HDR: high-dose rate

HDR-BT: high-dose rate brachytherapy

HoL EP: holmium laser enucleation of the prostate

I CF: Informed Consent Form

ICH: International Conference on Harmonisation

IDMC: Independent Data Monitoring Committee

IGRT: image-guided radiotherapy

I1EFS: International Index of Erectile Function Scale

IMRT: intensity-modul ated radiotherapy

| PSS: International Prostate Symptom Score

LDR: low-doserate

LFT: liver function test

MREC: multicenter research ethics committee

NHS: National Health Service

PI: principal investigator

PIS: Participant Information Sheet

PSA: prostate-specific antigen

PTV: planning target volume

QA: quality assurance

QL Q PR25: Quality of Life Questionnaire for Prostate Cancer Patients
QoL : quality of life

R& D: research and development

RCT: randomized controlled trial

REC: research ethics committee

RT: radiotherapy

SAE: serious adverse event

SOP: standard operating procedure

TENALEA: Trans European Network ALEA

TMG: Tria Management Group

TSC: Trial Steering Committee

TURP: transurethral resection of the prostate

V100: volume of the target area receiving 100% of the prescribed dose
V150: volume of the target area receiving 150% of the prescribed dose
VMAT: volumetric-modul ated arc radiotherapy
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Abstract

Background: Theapplicability of transcranial direct current stimulation (tDCS) in individua swith attention deficit hyperactivity
disorder (ADHD) has not yet been investigated. This low-cost, non-invasive, and safe technique optimized to modulate the
inhibitory response might be a useful treatment option for those affected by this condition.

Objective: Theaim of thissingle center, parallel, randomized, double-blinded, sham-controlled trial isto investigate the efficacy
of transcranial direct current stimulation over the prefrontal cortex on the modulation of inhibitory control in adultswith attention
deficit hyperactivity disorder.

Methods: A total of 60 individuals will be divided into 2 groups by block randomization to receive active or sham stimulation.
Anoda stimulation over the left dorsolateral prefrontal cortex will be applied at 1 mA during a single 20-minute session. Before
and after interventions, subjects will perform 2 go/no go tasks and the brain electrical activity will be recorded by
electroencephal ogram (EEG) with 32 channels, according to the 10-20 international EEG system.

Results. Thetrial began in May 2013 and we are currently performing the statistical analysis for the secondary outcomes.

Conclusions: Thefindingsfrom this study will provide preliminary results about the role of prefrontal cortex activation through
tDCS on ADHD patients.

Trial Registration: Clinicaltrials.gov NCT01968512; http://clinicaltrials.gov/ct2/show/NCT01968512 (Archived by WebCite
at www.wehcitation.org/6Y MSW2tkD).

(JMIR Res Protoc 2015;4(2):€56) doi:10.2196/resprot.4138
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Attention deficit hyperactivity disorder; inhibitory control; transcranial direct current stimulation
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Introduction Methods
Attention deficit hyperactivity disorder (ADHD) presents Study Design

prevalence rates in US studies of 5%-9% in childhood,
especialy in school age children. Of those affected, 67%
continue to present symptoms in adulthood, which may
compromise psychosocial, professional, and emotional
development [1-5]. In a recent study, Arruda et a observed a
prevalence rate of ADHD among children and adolescents of
4.4% [6]. However, despite the significant social impact, some
of these patients remain undiagnosed and therefore without
proper therapeutic intervention. The diagnosis, based on clinical
assessment and identification of symptoms established by the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision (DSM-IV-TR), involves inattention,
hyperactivity, impulsivity, and general criteria[7,8].

The clinical presentation of ADHD may arise from disorders
in the prefrontal cortex and its subcortical connections [8-11].
This assumption is supported by the hypothesis that it is a
neurobiological disorder, evidenced by functional deficits in
neurotransmitters such as dopamine and norepinephrine, and
by disorders in the frontal lobe. These disorders trigger the
symptoms observed in ADHD patients including impulsivity,
difficulty in inhibiting distracting behaviors, and difficulty in
planning and executing tasks under focused attention and
concentration [10,12]. Together, these symptoms revea the
impairment of important executive functionsinindividualswith
ADHD [1,2,9,13].

There is evidence of a physiological association between the
prefrontal cortex and inhibitory control [9,14], whereby changes
in this anatomical structure may account for impairments in
inhibitory control. Indeed, behavior-based actions that reflect
inconsequence, unpredictability, intolerance to waiting, quick
and inconsistent responses, possible exposure to hazards, and
acceptance of multiple responsibilities and tasks simultaneously
with consequently further withdrawal s support thisidea[9].This
anatomical relationship between prefrontal cortex and inhibitory
behavior, together with an understanding of the neurobiological
mechanisms comprise a physiological framework that supports
the hypothesis that activation of the prefrontal area will result
in alarger and more suitable inhibitory control, minimizing the
socioaffective consequences associated with this condition.

Transcranial direct current stimulation (tDCS) is asimple and
well-known neuromodulatory technique[15,16] whichinvolves
applying low voltage electrical currentsto increase or decrease
neuronal excitability of the stimulated area [16,17]. tDCSisa
noninvasive and safe approach, characterized by infrequent and
mild adverse effects including local discomfort, itching,
paresthesia, and/or short-lasting headaches [17].

The aim of thistrial isto investigate the efficacy of tDCS over
the prefrontal cortex on the modulation of inhibitory control in
adults with  ADHD by assessing behaviora and
neurophysiological parameters. We expect that the application
of this low-cost and safe technique will increase the inhibitory
response in ADHD individuals what may result in a greater
ability to inhibit inappropriate behaviors.

http://www.researchprotocols.org/2015/2/e56/

This is a single-center, parallel, randomized, double-blinded,
sham-controlled trial, conducted in the Laboratory of Functional
Electrostimulation at the Federal University of Bahia (Salvador,
Brazil). This study will include descriptive and analytical steps
designed to investigate the neurobiological aspects of patients
with ADHD, and the response of inhibitory control parameters
to tDCS.

Population

Patients with ADHD will be recruited by sending letters and
emails to neuropsychiatric societies and associations.
Professional expertsin ADHD, contacted by mail and telephone,
will be invited to refer potential patients for the study.
Advertisements will be published on the Internet and social
networking sites, according to the inclusion criteria.

Inclusion Criteria

The inclusion criteria for the study are (1) the ability to
understand and sign the informed consent form, (2) adiagnosis
of ADHD according to DSM-IV-TR and the Adult Self-Report
Scale (ASRS), (3) resident of Bahia, and (4) =18 years old.

Exclusion Criteria

Patients who meet the following criteria will be excluded (1)
major psychiatric disorders such as schizophrenia and bipolar
disorder, (2) inability to understand the questionnaires applied
(cognitive impairment score of <24 on the Mini-Mental State
Examination) or illiterate, and (3) abuse of psychoactive
substances or alcohol, except nicotine and caffeine, during the
last 12 months.

Sample Size

A sample size of 50 subjects was calculated assuming a
difference in proportion between the active tDCS and sham
control groups of 40% on the go/no go performance, beforeand
after interventions. This calculation was performed using the
statistical program STATA 12.0, considering an alpha of .05
and apower of 0.80, resulting in asample of 25 subjectsin each
group (intervention and control). To address unexpected factors,
we applied adropout rate of 20%, reaching atotal sample size
of 60 individuals.

Randomization and Blinding

Individuals will be divided into two groups by block
randomization aiming for a balanced distribution between the
groups (30 subjects each), and considering gender and age as
variables. Blocks will be composed of 10 subjects, totaling 6
blocks. Each intervention group will comprise 5 individuals
from each block.

An external researcher will perform the randomization and will
generate a list to alocate patients and ensure a concealed
allocation.

Excluding the external researcher, investigators applying the
go/no go tasks and registering the EEG, and the subjects will
be blind to the intervention. Raters and researchersresponsible
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for the statistical analysis will not be aware of the treatment
group that the patient will be enrolled. For analysis purposes,
the intervention groups will be identified as “0” and “1”.
Blinding code will be known only by the principal investigator
and by the person responsible for the stimulation.

Ethical Aspects

In accordance with the Declaration of Helsinki [18], this study
strictly follows the ethical principles in research involving
human subjects. All participants will be informed about the
nature of the study and al procedures prior to enrollment.
Following the resolution 196/96 of the National Health Council
(Brazil), only those that will sign the informed consent form
will beincluded. The signature of awitnesswill berequired for
the patients unable to sign the free and informed consent form.

Thistrial was approved on October 2012 (IRB approval number
19311) by the institutional review board of the Maternidade
Climério de Oliveira-Federal University of Bahia.

Consent Procedures

Signed consent will be obtained from each participant. Only
subjects capable of understanding and agreeing to the consent
will be enrolled. In addition to a signed consent form and prior
to any intervention, participants will receive a detailed
explanation about the trial aims and procedures that will be
performed. Two experienced researchers will explain that
participation is voluntary and they may withdraw at anytime
without losses. The trial staff also will be available to clarify
any question; at the same time they will assure that subjects
understood all of the steps of the study. Participants will have
an indefinite amount of time to make a decision, and those that
agree, will be asked to sign two copies of the informed consent
form.

Assessments

Following the consent procedures, subjects will undergo a
cognitive screening using the MiniMental State Examination
(MMSE) [19,20], the Mini International Neuropsychiatric
Interview Brazilian (MINI PLUS) [21], the Adult Self-Report
Scale (ASRS) [22], the Adult ADHD Qudity of Life
Questionnaire (AAQoL ), and aninterview with aquestionnaire.
This evaluation script is an instrument based on the ADHD
diagnostic criteria from DSM-IV-TR [7,8], and consists of
epidemiological and clinical questions.

Posterior electrical brain activity will be recorded by EEG with
32 channels placed on the scalp, according to the 10-20
international EEG system. Each recording will last 5 minutes
and will be performed in aresting state, with the patient's eyes
open and looking for a fixed point during the first minute, and
with closed eyes for the remaining four. Participants will then
be asked to perform tasks on the computer: 2 go/no go tasks
adapted from the original version using a fruit and a letter as
thefirst and second target, respectively. Following the cognitive
tasks, subjects will undergo the active or sham stimulation,
according to the previous randomization. At the end of the
intervention, subjects will perform the 2 go/no go tasks again
(randomly selected to avoid learning effect), and they will
undergo another EEG recording.

http://www.researchprotocols.org/2015/2/e56/
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There will be no follow-up visits; participants will undergo a
singlevisit of approximately two hoursin duration. All subjects
will be asked to abstain from caffeine, alcohol, and nicotine one
day before the experiments.

Interventions

Participants of theintervention group will havethetDCS applied
at 1 mA, with the anode electrode over the left dorsolateral
prefrontal cortex and cathode el ectrode over the equivalent area
on theright side. For the control group subjects, electrodeswill
be placed at identical positions and sham stimulation will be
applied. The stimulation devicewill beturned on for 30 seconds
so that the patient will feel the initial sensation, then will be
shut down. Theintervention and sham procedure will take place
in one single 20-minute session to eval uate theimmediate effect.

The application of tDCS and the assessment of its effects will
be performed by clinical observation using a reduction of
symptomatology as evaluated by the neuropsychological task,
go/no go, and by neurophysiological assessment, measured by
guantitative  electroencephalogram  (qEEG) and the
reconstruction of brain networks, as parameters.

Outcome Variables

The primary outcome of this tria is the inhibitory response
measured as behavioral performance by two go/no go tasks.
These tests are adapted from a previous version [23], and will
present as targets a fruit (version 1) and a letter (version 2).
Participantswill be asked to react when atarget ("go" stimulus),
and not when a non-target ("no go" stimulus) is presented. All
stimuli will be presented in black and white ink with equal
dimensions. In both versions of the go/no go tasks, one selected
letter or fruit will be previously defined as the "go" stimulus
and subjects will be instructed to press the left button of a
computer mouse with the right finger as soon as this target is
presented on the screen. Stimuli will be presented one-by-one
on the computer screen during 650 milliseconds with 1000
millisecond interstimulus intervals (1Sl). In each version of the
task, 150 trials consisting of 80% "go" and 20% "no go" will
be presented. Correct responses, impulsivity, and omissions
errorswill be computed separately for each version of the go/no
go task, and will be the primary outcome variables.

The secondary outcome variables are power analysis of
frequency bandsthrough gEEG and the brain networks. For the
EEG, datawill berecorded from the 32 channelsand areference
electrode (Cz) placed according to the 10-20 international EEG
system with additional electrodes (FC3, FC4, CP3, CP4, FT7,
FT8, TP7, TP8, and Oz). The EEG datawill befiltered between
0.5-50 Hz, and analyzed through EEGLAB (The Mathworks,
Inc.). Brain network reconstructions will be performed based
on the EEG data.

Statistical Analysis

A 5-step statistical analysis will be conducted (see Textbox 1).
These analyses will be performed using Stata, version 13.0 for
Windows. Results will be considered statistically significant if
P<.05.
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Textbox 1. The 5-step statistical analysis.

Steps
1.

The socio-demographic, clinical, and epidemiological description of the groups, using the usual procedures of descriptive statistics such as
calculation of frequencies, measures of central tendency, and dispersion;

Characteristics will be compared between groups at baseline, using a one-way analysis of variance (ANOVA) for continuous variables and a

chi-square test for categorical variables,

3. Shapiro-Wilk test will be performed to assess the normality assumption of the outcome variables;

4. Analysis of paired and independent samples using a t test for comparisons within each group and between intervention groups, or applying
equivalent non-parametric tests (according to Shapiro-Wilk test results) before and after intervention;

5. Pearson chi-square test to evaluate blinding effectiveness, comparing between groups.

Results

This tria and enrollment began in May, 2013. The statistical
analysis for the secondary outcomes is currently being
performed.

Discussion

The findings from this trial will provide preliminary results
about the role of prefrontal cortex activation through tDCS on
ADHD patients. The results of this clinical trial will allow us
to evaluate behaviora and neurobiological aspects of ADHD
in addition to observing the socio-demographical and
clinical-epidemiological parameters of this population.

Wewill examinethe tDCS contribution in modul ating inhibitory
control and neurophysiological parameters measured by
neurocognitive tasks (go/no go), qEEG, and brain reconstruction

network models. We also expect that the present trial will
contribute  scientificaly to the development of
neurophysiological assessment methods of ADHD, and to the
evaluation of the feasibility of thislow cost, non-invasive, and
safetechniquefor optimization of inhibitory responsesin ADHD
patients.

One possible limitation is that we will only apply a single
session of tDCS. However, since, to the present moment, there
are no previous studies regarding tDCS in ADHD subjects, we
opted for aconservative protocol with only one session of tDCS
delivered at 1 mA to ensure safe parameters.

To the best of our knowledge, this trial will be the first study
to assess the cognitive and neurophysiological effects of tDCS
on ADHD patients. In the long term, we expect that our results
might reinforce comprehensive programs of intervention and
multidisciplinary approaches in patients with ADHD.
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Abstract

Background: During open heart surgery, patients are connected to a heart-lung bypass machine that pumps blood around the
body (“perfusion”) while the heart is stopped. Typically the blood is cooled during this procedure (“hypothermia’) and warmed
to normal body temperature once the operation has been completed. The main rationale for “whole body cooling” is to protect
organs such asthebrain, kidneys, lungs, and heart from injury during bypass by reducing the body’s metabolic rate and decreasing
oxygen consumption. However, hypothermic perfusion also has disadvantages that can contribute toward an extended postoperative
hospital stay. Research in adults and small randomized controlled trials in children suggest some benefits to keeping the blood
at normal body temperature throughout surgery (“normothermia’). However, the two techniques have not been extensively
compared in children.

Objective: The Thermic-2 study will test the hypothesis that the whole body inflammatory response to the nonphysiological
bypass and its detrimental effects on different organ functions may be attenuated by maintaining the body at 35°C-37°C
(normothermic) rather than 28°C (hypothermic) during pediatric complex open heart surgery.

Methods: Thisis a single-center, randomized controlled trial comparing the effectiveness and acceptability of normothermic
versus hypothermic bypassin 141 children with congenital heart disease undergoing open heart surgery. Children having scheduled
surgery to repair a heart defect not requiring deep hypothermic circulatory arrest represent the target study population. The
co-primary clinical outcomes are duration of inotropic support, intubation time, and postoperative hospital stay. Secondary
outcomes arein-hospital mortality and morbidity, blood |oss and transfusion requirements, pre- and post-operative echocardiographic
findings, routine blood gas and blood test results, renal function, cerebral function, regional oxygen saturation of blood in the
cerebral cortex, assessment of genomic expression changes in cardiac tissue biopsies, and neuropsychological devel opment.

Results: A total of 141 patients have been successfully randomized over 2 years and 10 months and are now being followed-up
for 1 year. Results will be published in 2015.

Conclusions: We believe this to be the first large pragmatic study comparing clinical outcomes during normothermic versus
hypothermic bypass in complex open heart surgery in children. It is expected that this work will provide important information
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to improve strategies of cardiopulmonary bypass perfusion and therefore decrease the inevitabl e organ damage that occurs during

nonphysiological body perfusion.

Trial Registration: ISRCTN Registry: ISRCTN93129502, http://www.isrctn.com/I SRCTN93129502 (Archived by WebCitation

at http://lwww.webcitation.org/6Y f5V SyyG).

(JMIR Res Protoc 2015;4(2):€59) doi:10.2196/resprot.4338
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Introduction

Background

The treatment of many forms of congenital heart disease has
continued to advance, and primary early repairs of anincreasing
number of defects are routinely performed (eg, atrioventricular
canal, tetralogy of Fallot, transposition of the great arteries). At
Bristol Royal Hospital for Children (BRHC) an average of 285
cardiac operations are performed a year, and approximately
75% (ie, an average of 210) require cardiopulmonary bypass
(CPB). Degspite its widespread use, there is dtill significant
morbidity related to the nonphysiological nature of total CPB
[1]. Whole body cooling (ie, hypothermia) is an integral part
of congenital cardiac surgery, with most procedures being
conducted between 28°C and 30°C, depending on the expected
duration and type of operation. The main rationale for body
cooling isto protect organs such asthebrain, kidneys, and heart
fromischemicinjury by reducing the metabolic rate and, hence,
oxygen consumption [1]. Nevertheless, hypothermia has a
number of disadvantages, including detrimental effects on
enzymatic function, energy generation, and cellular integrity
[1]. Perfusion of the body and the brain at norma body
temperature (ie, normothermia) is a potentially more
physiological method to maintain the functional integrity of
major organ systems, and in recent years there has been an
increasing interest in normothermic CPB in adult and pediatric
cardiac surgery [2-9]. The concept that normothermic systemic
perfusion may confer certain advantages over hypothermic
regimes arose fortuitously from adult clinical experience in
which an absence of shivering, hemodynamic stability, minimum
use of inotropes, and early extubation were observed when
patients were not cooled [2]. This led several investigators to
study the effects of systemic hypothermia and normothermic
perfusion upon cellular and organ function [2,10-14].

In both adult and pediatric cardiac surgery, many of the
detrimental effects of CPB on end organ dysfunction were
previously believed to be mediated by activation of the
inflammatory response[1,15]. One may expect that CPB-related
systemic inflammatory response syndrome and multiorgan
injury to be enhanced during normothermia, since most
enzymatic processes occur optimally at 37°C. Supportive of
this notion are clinical studies in adults [16] in which
normothermic CPB (35°C-37°C) was associated with
significantly elevated levels of inflammatory markers compared
to hypothermic CPB (28°C-30°C). Consistent with this, previous
animal data have shown that the inflammatory response is
reduced by hypothermia[17,18]. However, aconflicting picture
is emerging from research. Ohata et a [19] have demonstrated
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an attenuation of certain inflammatory mediators following
warm systemic perfusion (34°C) compared to hypothermic
perfusion (28°C). Inaclinical study at the Bristol Heart Institute
[10,20], normothermic (37°C) perfusion was also associated
with attenuation of inflammatory mediator release in the
postoperative period, compared to moderately hypothermic
(32°C) and hypothermic CPB (28°C). In contrast, others have
suggested that induction of a systemic response is not
temperature dependent. Rasmussen et a have shown that the
release of systemicinflammatory mediators after cardiac surgery
in adults was independent of mild hypothermia (32°C) when
compared to normothermia (36°C) [21]. A randomized
controlled trial (RCT) in 66 children having open heart surgery,
who were randomized to either moderate hypothermia (24°C)
or mild hypothermia (34°C), found that neither the systemic
inflammatory response nor organ injury were influenced by
bypass temperature [22]. Eggum et al demonstrated that there
were only minor differences in inflammatory marker
concentrations between pediatric patients undergoing moderate
(25°C) hypothermia and those with mild (32°C) hypothermia
during CPB [23]. This evidence was supported by an RCT
carried out at BRHC comparing warm (35°C-37°C) and cold
(28°C) CPB on simple congenital cardiac malformations, which
indicated that both whole body inflammatory response and
myocardial reperfusioninjury weresimilar between the 2 groups
[24]. In addition, Caputo et a and Eggum et a demonstrated
that normothermic CPB was associated with reduced oxidative
stress compared with hypothermic CPB. Other researchers have
studied the effect of the temperature of the cardioplegia during
pediatric cardiac surgery [25,26]. Poncelet et al have taken this
a step further by studying the effect of the temperature of the
CPB in addition to the cardioplegiain an RCT on 47 children
having cardiac surgery [27]. In this study, children were
randomized to either mild hypothermia with cold crystaloid
cardioplegia (CPB temperature 32°C, cardioplegia at 5°C) or
normothermic with intermittent warm blood cardioplegia (CPB
temperature 36.5°C). They found no significant difference in
the cellular ischemic insult to the heart or in the early and late
neurodevelopmental status of the patients. With conflicting
evidence arising from clinical trials comprising relatively low
numbers of patients and mainly simple cardiac surgery cases,
it is difficult to establish whether the induction of a systemic
response istemperature dependent and the impact this may have
on clinical outcome. This warrants a larger study with clinical
outcomes as primary endpoints.

Aim
The Thermic-2 study (Current Controlled  Trials
ISRCTN93129502) will compare the clinical effectiveness of
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normothermic (35°C-37°C) versus hypothermic (28°C) CPB
for the repair of common congenital cardiac pathologies. We
will test the hypothesis that maintaining the body at 35°C-37°C
(normothermia) rather than at 28°C (hypothermia) during
pediatric open heart surgery reduces the whole body
inflammatory response to the nonphysiological CPB and its
detrimental effects on different organ functions, resulting in a
better clinical outcome.

Figure 1. Study schema showing the participant recruitment pathway.
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Methods

Study Design
This study is a single-center, parallel-group open RCT. The
study schemais shown in Figure 1.
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Research ethics approval was granted by the National Research
Ethics Service Committee South West—Central Bristol
(reference 11/SW/0122) in October 2011. The study isregistered
(ISRCTN 93129502).
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All pediatric patients (aged 18 years and younger) having
scheduled surgery at the BRHC to repair a congenital heart
defect using CPB, represent the target study population and will
be screened for eligibility. Patients will be excluded from the
study if either: (1) they require deep hypothermic circulatory
arrest, (2) they are admitted for an emergency operation (patients
with hemodynamic instability who require immediate surgical
intervention), or (3) they and/or their next-of-kin do not provide
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written informed consent. We will also record specific reasons
where surgeons are unwilling for the patient to be approached
for the study. All reasons for ineligibility will be recorded on
the study screening log.

Wewill aim to approach all next-of-kin (usually parents) and/or
patients at preoperative clinics or on admission the day before
surgery. Eligible next-of-kin and/or patients will be given a
patient information leaflet (PIL), have the study explained to
them, and will be given the opportunity to ask questions about
the study. They will be given aminimum of 24 hoursto consider
the study prior to being asked to provide written informed
consent if they are willing to participate in the study.

Randomization

Participants will be randomly assigned in a 1.1 ratio to either
the hypothermic group or the normothermic group.
Randomization will be stratified by age: 1 month or younger,
1 to 12 months, and older than 12 months. Allocations will be
generated by computer using block randomi zation with varying
block sizes. The dlocation sequencewill be prepared in advance
of the study by a statistician independent of the study team. If
aparticipant’s surgery isunexpectedly rescheduled, he/she will
retain his’her study numbers and randomized all ocation. Access
to the alocation will be via a password-controlled secure
database. Randomization will take place as close to the start of
surgery as possible.

Baoset d

Study Interventions

Participants will be randomized to receive either hypothermic
or normothermic CPB during their surgery into the following
groups:

1. Hypothermic CPB: cardiopulmonary bypasswith perfusion
at 28°C (control)

2. Normothermic CPB: cardiopulmonary bypass with
perfusion at 35°C-37°C (experimental)

Cardiopulmonary Bypass

All operations will be performed using CPB with ascending
aortic cannulation and bicaval venous cannulation (Figure 2).
Cold St Thomas' I-based blood cardioplegic solution (4°C-6°C)
will be used for myocardial preservation in all participants
(Martindale Pharmaceuticals Ltd) with the following
composition: 16 mM MgCl2, 2 mM CaCl2, 20 mM KCl, 147
mM NaCl, and 1 mM procaine HCI. Cardioplegic arrest will

be achieved by an antegrade infusion of 110 ml/m%min for 4
minutes. Additional cardioplegiawill be administered after 20
minutes of aortic cross-clamping. Intramyocardial temperature
will be monitored by means of a temperature probe inserted
every 10 minutes into the right and left ventricles during
ischemic arrest. For al participants, concomitant rectal,
nasopharyngeal, skin, and blood temperatureswill be monitored
throughout the operation.

Figure 2. Image showing the heart of a child born with an atrial septal defect (ASD). The heart has been emptied of blood, put on cardiopulmonary
bypass (CPB), and arrested using the cardioplegia solution, which is injected into the aortic root after the aortais cross-clamped. CPB is achieved by
inserting a superior vena cava (SVC) and an inferior vena cava (1VC) cannula for the venous drainage and an aortic cannula for the arterial perfusion

of the body. Theright atrium is open and the ASD is clearly visible.

Aortic
cannula
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Hypothermic CPB

Nasopharyngeal body temperature will be lowered to 28°C.
Rewarming will commence at the completion of the anatomical
correction. All participantswill be rewarmed with atemperature
difference of 8°C at thelevel of the heat exchanger between the
blood and the rewarming fluid, and CPB will be discontinued
only after the participant is fully rewarmed to 36°C.

Normothermic CPB

Nasopharyngeal body temperature will be maintained at
35°C-37°C. Rewarming will only take place in the
normothermic group if the body temperature is <36°C and will
be discontinued only after the participant is fully rewarmed to
37°C.

Anesthesia

Induction of anesthesia will be gaseous induction with
sevoflurane, administration of neuromuscular blockade using
pancuronium and analgesia using bolus dose fentanyl (10
mcg/kg-20 meg/kg) pre-CPB, and morphine (0.5 mg/kg) during
CPB. Maintenance of anesthesiawill be with isoflurane. Alpha
stat acid-base management will be adopted. Initial
anticoagulation will be accomplished with 3 mg/kg to 4 mg/kg
body weight of heparin and supplemented as required in order
to maintain an active clotting time of =480 seconds.

Deviations from this standardized anesthetic technique are
permissible under the following conditions:

1. Intravenous induction using ketamine, propofol, or
thiopentone may be used if the anesthetist considers
sevoflurane to be unsuitable for induction for the patient.

2. Where pancuronium is not available, vecuronium or
rocuronium may be used instead.

3. Propofal instead of isoflurane may be used for maintenance
of anesthesiawhere the anesthetist considers the patient to
be at increased risk of awareness.

Study Center and Surgeons

Overview

All surgery will be carried out at BRHC. On average, 210
pediatric cardiac surgery procedures using CPB are performed
per year at this center. All the pediatric cardiac surgeons at this
center are participating in the study.

Primary Outcomes

The co-primary endpointsare (1) duration of inotropic support,
(2) intubation time, and (3) postoperative hospital stay (from
date of surgery to discharge from cardiac ward). These datawill
be collected from medical notes and hospital charts.

Secondary outcomes

Data will be collected to characterize the following secondary
outcomes:

1. In-hospital mortality and morbidity rates will be recorded.

2. Blood loss and transfusion requirements will be recorded.

3. Preoperative and postoperative echocardiographic (ECG)
findings will be recorded.

4. Routine blood gas and blood test results will be recorded.

http://www.researchprotocols.org/2015/2/e59/
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5. Renal function will be measured by testing urinary abumin,
urinary creatinine, retinal binding protein (RBP),
N-acetyl-B-glucosaminidase (NAG), and neutrophil
gelatinase-associated lipocalin  (NGAL) [28-33]. All
markers of renal damage will be measured preoperatively
and at several time-points postoperatively.

6. Cerebral function will be measured by testing for glial
fibrillary acidic protein (GFAP), a serum marker of
traumatic brain injury [34,35]. GFAP levels will be
measured preoperatively and at several time-points mid-
and postoperatively.

7. Regional oxygen saturation of blood in the cerebral cortex
will be measured at approximately 15-minute intervals
during the operative period using near-infrared spectroscopy
(NIRS).

8. Neuropsychological development will be assessed using
the NEPSY-I1 psychometric tool [36]. Neuropsychological
assessments will be performed on patients aged between
3-16 years old, preoperatively and at 3 and 12 months
postoperatively. These tests are intended as atool to allow
the assessment of both basic and complex aspects of
cognition across the following 6 functional domains:
attention and executive functions, language, memory and
learning, sensorimotor functions, socia perception, and
visual-spatial processing.

9. Cardiac tissue biopsies from heart tissue discarded during
the surgical procedure and considered clinical waste will
be analyzed for biochemical markersand RNA analysison
a subset of 32 patients. If available, 4 samples will be
collected from each patient in this subset; 2 samples will
be collected immediately after institution of CPB and a
further 2 samples will be collected 10-15 minutes after
reperfusion. Biochemical tests will be performed on the
biopsies to determine the presence of arange of important
proteins and metabolites, and transcriptional profiling by
RNA extraction will be performed with the aim to help
establish whether any genomic expression changes
associated with hypothermia could be prevented by using
normothermic techniques.

Assessment of Outcomes and Blinding

Participants and their parents/guardians will be blinded to the
treatment all ocation. Participantswill receive the same surgical
procedure as if they had not joined the study—with the
exception of the temperature of the blood during CPB—and
will receive the same surgical care following the procedure. At
the start of the operation, the perfusion team is given the
treatment allocation in a concealed envelope, asked to follow
the study allocation, and record any reasons for protocol
deviations. Surgeons, anesthetists, and nurses involved in the
operation will be unblinded but the randomization allocation
will not be disclosed until after the start of the operation.
Because surgeons, anesthetists, and nurses continue to care for
participants in the pediatric intensive care unit (PICU) and on
the ward, it is difficult to maintain blinding in these locations.
Where possible, staff will be blinded to the treatment group to
which a participant is assigned. The PICU and ward nursing
teams, while not being actively informed of the patient’s study
allocation, could become unblinded because they have access
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to the anesthetic and perfusion charts that must be stored in the
medical notes. However, it is unlikely that the nursing team
would check the temperature at which the operation was
performed or alter the patient’s after-care since the temperature
during CPB would not have any implications on the
postoperative management of the patient.

The primary endpoints of duration of inotropic support,
intubation time, and postoperative hospital stay should al be
objective outcomes and were chosen primarily as they are
clinically meaningful to the patients and surgeons. While these
outcomes could potentially be influenced by the clinical care
team, the care team must not only adhereto strict protocolsand
guidelines, but there is also not a strong expectation that either
arm of the study would be more beneficia to the participant;
therefore, performance and detection bias are minimized.

http://www.researchprotocols.org/2015/2/e59/
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Outcomes such as in-hospital mortality and morbidity, blood
loss and transfusion requirements, routine blood gas, blood
sampl eftest results, and regional oxygen saturation of blood in
the cerebral cortex are objective outcomes and will be recorded
directly from medical notes, PICU charts, and electronic records.

Preoperative and postoperative ECG findings involve some
level of subjectivity and judgement; however, ECGs will be
interpreted by a cardiologist blinded to treatment allocation.
Rena function analysis, cerebral function analysis, cardiac
tissue function analysis, and NEPSY-I1 test administration are
not part of routine care, and assessment will be carried out by
blinded researchers. Reasons for noncompletion of tests or
assays will be recorded.

Data and Sample Callection Schedule

The schedule for data and sample collection is shown in Table
1.
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Table 1. Schedule of data and sample collection.
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Data and samples
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0 = datalsample collected

90nly performed on participants eligible for NEPSY-I1 psychometric assessment.

PRoutine blood samples taken on admission to PICU.

iAs many NIRS results will be recorded as are taken in theater.

IUrine samples taken at cross-clamp removal/end of CPB.

kOperative details are recorded on cross-clamp removal and chest closure.

IHospital admission questionnaire only administered if 3-month NEPSY administered.

Participant Follow-Up

All primary and most secondary outcomes are assessed while
the participant is in hospital following their surgery. For
NEPSY-I1 eligible patients, NEPSY assessmentswill take place
at 3 months and 12 months postoperatively (Figure 1 and Table
1). Safety data will aso be collected at these visits. For
participants that are not eligible for NEPSY-I1 assessments,
follow-up for safety will occur at 12 months postoperatively by
postal questionnaire. Active participation for al patients will
cease either at their final NEPSY-I1 assessment or on return of
thefollow-up postal questionnaire, 12 months post operatively.
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Sample Size

Primary Outcomes

The geometric mean postoperative hospital stay in our ingtitution
is estimated to be 6.2 days, with standard deviation (on the
logarithmic scale) of 0.4. A sample size of 100 participants per
group would be sufficient to allow us to detect a clinicaly
relevant 1 day or greater reduction in mean length of stay with
90% power, assuming a 5% level of dtatistical significance
(2-tailed).

Using estimates for ventilation time and duration of inotropic
support from our institution, a total sample size of 200 would
also be sufficient to detect a 16% reduction in ventilation time
(3 hours), and a 13% reduction in inotropic support (4.7 hours).
All these differences represent clinically relevant reductions.
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In an earlier RCT comparing the same 2 interventions carried
out at our institution (Thermic-1), 59 participantswere recruited.
The primary outcomes for this earlier study were biochemical
markers of organ injury, but clinical outcome data were also
collected. For the current study (Thermic-2), 141 participants
have been recruited. The clinical data from the 2 studies will
be combined for assessment of the clinical outcomes, giving a
total sample size of 200 participants for analysis.

Secondary Outcomes

This sample size will also be able to detect clinically relevant
differences in secondary outcomes with 90% power. For full
details, see Multimedia Appendix 1.

Statistical Analyses

Plan of Analysis

Binary outcomes will be compared using logistic regression.
Quantitative outcomes will be transformed if necessary to
achieve approximately normal distributions and compared using
linear regression and time to event variables will be analyzed
using survival methods. Outcomes with repeated measures
(longitudinal data) will be analyzed using mixed models, which
allow for unbalanced data. Alternative correlation structures
will be considered, and the sensitivity of the resultsto the choice
of structure examined. Analyseswill be adjusted for age group
(stratification factor). All analyses will be carried out on the
basis of intention-to-treat. Outcomes will be reported as effect
sizes with 95% confidence intervals.

Specific morbidities are too infrequent for the study to be able
to detect statistically significant differences between groups.
Frequencies of these adverse outcomeswill betabulated, inline
with guidelines for reporting adverse events in trials, and
reported in accordance with International Conference on
Harmonisation Good Clinical Practice guidelines.

The analysis of the microarray data for the gene expression
study—including normalization, noise reduction, and analysis
using, for example, unsupervised hierarchical clustering and
relevance network analysis—will be performed using
Genespring 7 software. Following determination of the gene
expression profiles, bioinformatics data mining tools
(Genespring 7) will be used to identify the gene expression
profilesthat are differentially significant and to cluster them by
biological function. Thisisvital for generating hypotheses about
their role. Predefined stringent criteria will be used to select
candidate genes for validation; only genes with statistically
significant differential expression will be considered. Patterns
of changein signaling pathway networks will be explored.

Subgroup Analyses

Effect estimates for the 2 study phases (Thermic-1 and
Thermic-2) will be examined by adding relevant interaction
terms to the models.

Changesto the Protocol Since First Approved

After recruitment of 52 patients, an amendment was approved
on August 24, 2012, which affected several secondary outcomes:

1. Markers of rena function were incorporated after new
evidence emerged suggesting that normothermic CPB was
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associated with similar renal impairment to hypothermic
CPB [31,33].

2. The marker for brain damage was changed from S100-B
to GFAP and samples were taken over 48 hours rather than
24 hours. Evidence has suggested that, when measured
systemically, GFAP is more specific to brain trauma and
may take longer to return to baseline levels than S100-B
levels, which may be elevated during an event such as CPB
or when other organs are damaged or under stress and
independently of whether traumato the brain has occurred
[37-42].

3. NIRS data collection was incorporated to provide insight
into regional oxygen saturation of the blood in the cerebral
cortex.

In addition, thelist of expected adverse eventswas al so updated
to include junctional ectopic tachycardia and heart block. A
second amendment was approved on September 3, 2013, in
which the protocol was updated to clarify the end-of-study
definition, enabling the distinction between the end of study for
an individual participant and for the study as awhole.

Results

A total of 141 patients have been successfully recruited over a
2-year, 10-month period for the Thermic-2 study. The partici pant
follow-up period will end in October 2015 and results will be
published in late 2015.

Discussion

Principal Findings

While whole body cooling is still very much an integral part of
pediatric cardiac surgery in the belief that it provides some
degree of protection against a systemic inflammatory response
and multiorgan damage, there is little evidence to demonstrate
that thistransatesto improved clinical outcomes[22-24,31,43].
This may, in part, be due to the multifactorial nature of CPB;
the clinical outcome of a patient is likely to be affected by
factorsincluding the complexity of the anatomical defect being
corrected and the time spent on CPB aswell asthe temperature
of the CPB. For instance, correction of a simple anatomical
defect performed using hypothermic CPB may attenuate
inflammatory responses and organ damage, however, additional
time spent on CPB to cool and rewarm the patient [22-24] may
offset or mask these effects. In addition, most RCTs
investigating normothermia versus hypothermia do not report
the length of time spent at the allocated temperature, although
through randomization the times should be similar in the 2
groups. Clinically, it is not appropriate to specify how long the
target temperature must be maintained since CPB time should
be kept to a minimum and rewarming must commence on
completion of the anatomical correction. In practice, thisresults
in shorter, less complex operationsthat potentially only receive
the intervention for a short time period, while the longer
operations may be exposed to the intervention for a greater
length of time. Furthermore, we do not know how long the target
temperatures of either 28°C or 35°C-37°C need to be maintained
for physiological responses to take effect. While it would be
difficult to impose a specific length of time for treatment
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intervention due to the constraints and complexity of surgery,
it may be useful to collect information regarding the length of
time during which the target temperature was maintained and
this should be considered in future study design.

RCTsin children investigating CPB temperatures have recruited
relatively low numbers of participants and have included the
correction of primarily simple anatomical defects[23,24,27,43].
Furthermore, there is no agreed definition in the current
literature of the reference temperature for hypothermic CPB;
varying from as low as 24°C to up to 32°C, making
interpretation of findings and cross-referencing difficult
[8,22,23,27]. The Thermic-2 study has been designed to collect
data from a large patient population with varying degrees of
congenital heart defect complexity. The outcomes data have
been chosen based on clinical relevance and with the aim to
quantify postoperative course and multiorgan injury, focusing
particularly on the heart, brain, kidney, and lungs. Also, these
clinical parameters have been used to compare the 2 perfusion
techniquesin previous studies [8,9,22,27].

Compliance

The study protocol clearly defines the target nasopharyngeal
temperature during CPB to be either 35°C-37°C or 28°C.
However, while the surgeon and theater team may be willing
to follow the allocation, they could be faced with challengesin
order to achieve strict adherence to the study temperature. The
perfusion team responsible for controlling the temperature of
the body throughout CPB are in charge of administering the
allocation. While the perfusion equipment can be used to control
temperature extremely accurately and can be set to hit an exact
target temperature, the circumstances and nature of pediatric
cardiac surgery can result in precise temperature control
becoming a challenge; in practice, it takes time for the body
temperature to change. For clinical reasons, the length of CPB
should be kept to a minimum so the perfusionist must estimate
how fast the body temperature will continue to drift down
toward the target (eg, 28°C) prior to rewarming. This could
result in either over- or under-shooting of the target temperature,
and more often affects the hypothermic group, particularly on
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shorter cases, as the rewarming of the body is a clinically
rate-limiting step, and rewarming may haveto take place before
the target temperature is reached. Additionally, an open chest,
particularly on very small children, loses heat very quickly, and
consequently the body temperature prior to starting CPB could
drop and there may not be enough time to rewarm the patient
in order reach the target temperature if they were allocated to
the normothermic group (35°C-37°C). Finally, there may be
circumstances when the surgeon may decide that, due to
unforeseen circumstances, it isnot clinically appropriate for the
child to participate in the study. In this situation, the surgeon
may dictate what temperature the CPB should be performed at
and the reasons for noncompliance recorded.

Minimization of Bias

The measures outlined below have been put in placeto minimize
potential bias: conceal ed randomization should prevent selection
bias, blinding all possible staff, children, parents/guardians, and
researchers will minimize performance and detection biases,
the majority of outcomes are based on objective criteria; the
PIL; and the process of obtaining informed consent will describe
the uncertainty about the effects of normothermia versus
hyperthermia and, therefore ,there should not be a strong
expectation that one or the other method should lead to a more
favorable result; attrition bias will be minimized by making
every possible effort to keep in touch with participants; the
study will be analyzed on an intention-to-treat basis, and every
effort will be made to include all randomized patients.

Conclusion

In summary, despite the challenges faced in delivering the
temperature allocation during CPB, the study has proceeded
successfully. Lessons learned from Thermic-2 should help to
design and conduct future temperature-based congenital open
heart surgery studies.

Study Status

The study opened to recruitment in November 2011.
Recruitment has recently completed, and follow-up of study
participants continues.
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Abstract

Background: Research has shown that improving well-being using positive mental health interventions can be useful for
predicting and preventing mental illness. Implementing online interventions may be an effective way to reach young people,
given their familiarity with technology.

Objective: This study will assess the effectiveness of awebsite called the “Online Wellbeing Centre (OWC),” designed for the
support and improvement of mental health and well-being in young Australians aged between 16 and 25 years. As the active
component of the study, the OWC will introduce a self-guided app recommendation service called “ The Toolbox: The best apps
for your brain and body” devel oped by ReachOut.com. The Toolbox isaresponsive website that serves as apersonalized, ongoing
recommendation service for technol ogy-based tools and appsto improve well-being. It allows usersto personalize their experience
according to their individual needs.

Methods: This study will be atwo-arm, randomized controlled trial following await-list control design. The primary outcome
will be changes in psychologica well-being measured by the Mental Health Continuum Short Form. The secondary outcomes
will be drawn from a subsample of participants and will include depression scores measured by the Center for Epidemiologic
Studies Depression Scale, and quality of life measured by the Assessment of Quality of Life-four dimensions (AQOL-4D) index.
Cogt-effectiveness analysis will be conducted based on a primary outcome of cost per unique visit to the OWC. Utility-based
outcomeswill also beincorporated into the analysis allowing a secondary outcometo be cost per quality-adjusted life year gained
(based on the AQOL-4D values). Resource use associated with both the intervention and control groups will be collected using
a customized questionnaire. Online- and community-based recruitment strategies will be implemented, and the effectiveness of
each approach will be analyzed. Participants will be recruited from the general Australian population and randomized online.
Thetrial will last for 4 weeks.

Results: Small but clinically significant increases in well-being symptoms are expected to be detected in the intervention group
compared with the control group.
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Conclusions:

Antezanaet d

If this intervention proves to be effective, it will have an impact on the future design and implementation of

online-based well-being interventions as a valid and cost-effective way to support mental health clinical treatment. Findings
regarding recruitment effectiveness will also contribute to devel oping better ways to engage this population in research.

ClinicalTrial:
ACTRN12614000710628.

(JMIR Res Protoc 2015;4(2):e48) doi:10.2196/resprot.4098
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Introduction

Background

Positive mental health implies more than just the absence of
illness, it relates to positive symptoms and emphasizes
psychological, socid, and generative dimensions such as positive
affect, personal growth, social actuaization, and social
contribution among others [1,2]. Despite controversies
surrounding therole of well-being in mental health, the concept
of positive mental health is steadily gaining credibility [1]. There
isevidencethat peoplewith high levels of positive mental health
are physically healthier, live longer, are more productive at
work, and use less health care [3].

Consistent with this reasoning, the World Health Organization
defines mental health as “a state of well-being in which the
individual realizes his or her own abilities, can cope with the
normal stresses of life, can work productively and fruitfully,
and isableto make a contribution to hisor her community” [4].
Promoting positive mental health can be an effective strategy
to approach mental health comprehensively asit is recognized
that “the alleviation of symptoms of illness does not guarantee
the presence of wellness’ [5]. The Complete State Model of
Mental Health characterizes mental health into three stages,
namely, flourishing, languishing, or moderately mentally
healthy, based on symptoms of positive feeling and functioning
inlife[6]. Keyesand Lopez [6] have posited that positive mental
health constitutes a different continuum to mental illness and
although correlated, the absence of mental illness does not imply
the presence of positive symptoms [1]. Keyes [3] found that
people with diagnoses less than flourishing struggled as much
as people with a mental illness in areas such as work, health
limitations, and psychosocial functioning [1]. In addition, the
absence of positive mental health is associated with an increase
in risky behaviors and the potential onset of mental illness[7].
A study conducted in South Australia reported that less than
half of South Australian young people (42%) aged 13-17 years
had a flourishing diagnosis of mental health, with even lower
rates reported in rural areas[7]. This means that at the time of
the study, 58% of young peoplein South Australiahad lessthan
a complete state of mental health (flourishing), and might
therefore be more vulnerable to struggle in one or more areas
of their lives.

Online Well-Being I nterventions

Thereisevidencethat young people make significant use of the
Internet to socialize and to find information about awide range
of issues including personal difficulties. In Australia, surveys

http://www.researchprotocols.org/2015/2/e48/

show that the Internet is the preferred medium of support for
young people after family and friends [8,9]. Specialized online
mental health servicesfor young people such as ReachOut.com
have effective reach into this population group [10].

Online treatments based on a psychopathology model for a
range of mental disorders such as depression and anxiety have
been researched widely [11-14]. Most of theseinterventionsare
based on cognitive behavioral therapy (CBT) with specific
variations such as prolonged exposure or guided relaxation,
among others. These interventions have shown effectivenessin
treating problems such as stress, anxiety, and depression. Other
types of interventions such as general counseling and self-help
approaches till show effectiveness, although to alesser extent
[11,17]

Regarding online positive psychological interventions, anumber
of studiesin adult populations have shown positive results in
improving well-being and decreasing depression. Results vary
depending on the actual intervention and method of delivery
[15]. Two recent trials with similar characteristics to this study
demonstrated significant improvements in well-being in the
general adult population, predominantly in women. Bolier et al
[16] examined the effectiveness of an online self-help
intervention consisting of a multicomponent, fully automated
self-help online website to improve well-being. Their study
investigated mild to moderately depressed adultsin the general
population using awaitlist control design, and found the online
intervention to be effective in enhancing well-being on the
5-item World Health Organization well-being index [17]
compared with a control. Small but significant effects were
found for general health, vitality, anxiety, and depressive
symptoms. Another study comprising a randomized,
placebo-controlled, paralel-group trial with longitudinal
outcome measurements used the Individual-level Wellbeing
Assessment and Scoring Method to measure well-being [18].
It was found that a multimodal online intervention consisting
of well-being e-mail, web- and mobile-based interventions had
positive effects, with significantly improved well-being in a
sampl e of the general adult popul ation compared with acontrol.

Thereis a paucity of research on online positive mental health
interventionsin young people; however, arandomized controlled
trial [19] investigated the effectiveness of awell-being website
called “Bite Back” designed for young people aged 12-18 years.
Using the Depression, Anxiety and Stress Scale (DA SS21)[20]
and the Short Warwick Edinburgh Mental Wellbeing Scale[21],
the study participants were assigned to two conditions over a
6-week period. The intervention group was given access to the
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website and the control group was assigned to neutra
entertai nment-based websites. Results demonstrated significant
improvement in clinical measures (depression, anxiety, and
stress) and well-being in the participants of the intervention
group who reported using the website for at least 30 minutes
every week.

Online Recruitment and Engagement

Facebook, Google, and other online platforms, frequented by
large number of users, have been used widely with considerable
success to recruit participants for online studies [22-24]. Both
Google and Facebook advertising platforms have been effective
in recruiting participants with an existing mental health issue
for online interventions. The average cost of recruitment is
approximately AUD 12-15 for each participant, whereas
contacting forums, email groups, and community notice boards
are less effective and more costly [24,25]. Although social
networking websites can be a promising method to recruit
adol escents, the health and behavior patterns of those recruited
online could differ significantly from those recruited offline
[22]. The evidence for effective strategies to recruit young
people for online well-being interventions is sparse. Despite
the proven efficacy of Internet-based mental hedth
interventions, they suffer from a high reuse attrition rate [26].
In fact, findings from an online smoking cessation study with
ahigh reach showed that adherence and retention rates decrease
as accessibility increases [27]. Improving adherence is a
high-priority research area in Internet interventions, as higher
usage rates are associated with significant improvements in
well-being [19]. Periodic promptsthrough email, short message
service (SMS) text messaging, phone, and online
peers/counsellors have proven to be effective strategies in
increasing login rates and the time users spend using online
interventions [28].

Research has shown that in thefirst few weeks after engagement
with a given intervention, high numbers of participants lose
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interest [29]. Involving usersin the intervention design process
can be an effective way to create person-centered innovations
[30]. Participatory design is characterized by generative,
experiential, and action-based methods that put emphasis on
play, co-operative learning, creating visions for the future, and
designing-by-doing, with the aim of involving end usersin the
design of services [31]. Online studies that provide useful
feedback and alternative resourcesfor the control group achieve
better engagement [18].

Current Study

This study is a waitlist randomized controlled tria
(ACTRN12614000710628) intended to test the effectiveness
of an online intervention in improving well-being in a sample
of Australian young people aged 16-25 years.

This paper provides a brief description about the Online
Wellbeing Centre (OWC), outlining two different configurations
for the implementation of interventions and how they were
developed. It also includes adescription of the methods, design
of the trial, and finally a discussion with implications of this
study.

Methods

Online Wellbeing Centre

The OWC was designed as a way to encourage individuals to
participate in both intervention and control arms. The OWC is
avirtual spacewhere userssign up viathelanding page (Figure
1), check their well-being, track their progress over time, and
access different well-being resources. It has capabilities to
randomize, administer study measures at different time points,
and give access to tailored resources according to the assigned
arms of the study. The OWC provides feedback to usersin a
meaningful graphic display as shown in Figure 2.
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Figure 1. Screenshot of the Online Wellbeing Centre landing page.
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Figure 2. Screenshots of the Online Wellbeing Centre website.

CHECK YOUR WELLBEING

Intervention arm: “The Toolbox” by ReachOut.com

The Toolbox has been developed by ReachOut.com, with the
Young and Well Cooperative Research Centre (Young and Well
CRCQ). It houses over 50 mental health and well-being toolsand
apps that have been reviewed by a panel of both mental health
professionals and consumers for their credibility, functionality,
engagement, and aestheti cs according to the Maobile Application
Rating Scale developed by Queensland University of
Technology [32].

The Toolbox is based on the theory of change proposed by
Perugini and Bagozzi’s Model of Goal-Directed Behaviour [33]
aswell astheories of reasoned and planned behavior [34]. The
Toolbox focuses on well-being and positive functioning, and
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is designed to improve (1) emotional well-being (ie, positive
affect and life satisfaction); (2) psychologica well-being (ie,
self-acceptance, personal growth, purposein life, environmental
mastery, autonomy and positive relations with others); (3) social
well-being (ie, socia acceptance, social contribution, social
coherence, social integration, and social actualization); and (4)
physical well-being [35]. In designing The Toolbox,
ReachOut.com took a participatory design approach [31]. Young
people were consulted at theinitiation of the project and during
the design phase, while also providing feedback on early
prototypes. The user experience of The Toolbox is based on
young peopl€e's conceptualization of well-being and what they
need from an online recommendation service. Functionalities
of The Toolbox website are described in Textbox 1, and
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screenshots of the first 2 pages of The Toolbox website are

Textbox 1. Functionalities of The Toolbox.

Antezanaet d

shown in Figure 3.

«  Quizto help participants determine their area of focus and recommend relevant apps.

«  Browseappsby category. Categoriesinclude Health & Fitness, Being Independent, Relationships & Helping Others, Thoughts & Emotions, and

Dealing with Tough Times.

« Read ratings and reviews by health professionals and young people. Participants can write their own review of apps including what they liked

and what could be improved.

« Read stories about how others have used apps to achieve their goals and the challenges they faced. Participants can submit their own story.

«  Dashboards are available in which participants can update their goals, add new apps, and view their stories.

Figure 3. The Toolbox website home page and app recommendation page.
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Study Design

This is a standard paralel arm clinical trial comparing the
effectiveness and cost effectiveness of control and intervention
arms offered over 4 weeks. Group 1 represents the intervention
arm (OWC with The Toolbox) and Group 2 represents the
waitlist control arm (OWC without The Toolbox). In this study,
participants in the intervention arm will be able to access the
active component of the trial, The Toolbox, through the OWC
straight away. Participantsin the control group will gain access
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to The Toolbox after 4 weeks. Once participants follow the
online links as described in the recruitment section, they will
be directed to the project’slanding page (Figure 1). Oncethere,
they will be required to complete the steps outlined in Figure
4.

All participants will receive regular SMS and email prompts
from the OWC to remind them to complete study measures. As
detailed in Table 1, assessments will be administered at sign
up, and at 4 weeks. In addition, participants will be prompted
to regularly monitor their mood, energy and sleep.

Table 1. Assessment scales administered at each time point during the study.

Instrument M easurement Baseline After 4 Wk
Mental Health Continuum Short Form Well-being/Positive mental health X X
Center for Epidemiologic Studies Depression  Symptoms of depression X X
Scale
Assessment of Quality of Life-four dimensions Quality of life data X X
index
Resource use questionnaire Cost effectiveness X
Demographics Date of birth, gender, postcode, employment, ed- X
ucation, cultural background, and living conditions
Heuristic well-being questions Feelings, energy, and sleep Weekly Weekly

http://www.researchprotocols.org/2015/2/e48/
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Figure 4. Online Wellbeing Centre study flow diagram.
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Recruitment, Inclusion, and Exclusion Criteria

Thetarget population is Australian young people aged between
16 and 25 years, with access to technology and the Internet
(computers or smartphones). In the context of well-being theory,

http://www.researchprotocols.org/2015/2/e48/

pre-existing mental health problems will not be considered as
exclusion conditions for this study. Given that thisintervention
is not intended to treat any particular pathology, al participants
could potentially benefit from improving well-being symptoms.
Relevant links to appropriate mental health services will be
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offered to participants during the trial. Online recruitment will
only betargeted to participants between 18 and 25 years of age.
Parental consent will be obtained for participants under the age
of 18 recruited viacommunity channels, given that wewill have
face-to-face contact with potential participants through schools
and other organizations. People not meeting the age criteria
and/or residing outside of Australiawill be excluded.

Participantswill berecruited using online- and community-based
methods. Two platforms have been selected from the many
options available to implement online paid advertising.
Advertisements will be placed on Facebook and Google
AdWords (see Figure 5) using keywords relevant to well-being
dimensions. The keywordsfor the advertisements were defined
in collaboration with a reference group representing the target
population to ensure their validity and relevance. Examples of
such keywords include fitness, stress, relationships, balance,
and goals. Concurrently, the links to the study site will be
integrated into several websites that are frequently visited by

Antezanaet d

young people from different backgrounds in Australia (most
notably the partner organizations of the Young and Well CRC).

The online recruitment strategy also includes changing
advertisements periodically. This will be a dynamic process
guided and modified by success rates of particular
advertisementswhilethey are being implemented. Thewording
of the advertisements and placement of linkswill be monitored
(according to the method described in the “Recruitment
Tracking” section) and periodically modified to reach the target
population effectively.

Community-based organizations such as schools, universities,
sport clubs, and local councilswill be approached and asked to
help promote the study. Promotional packages consisting of a
video, information, and instructions on how to accessthe OWC
will also be designed. These packages will be distributed to
different institutions where they will be presented to potential
participants. |nnovative technol ogies (videos, Google Hangoults,
etc) will be included in the recruitment packages.

Figure5. Examples of online Facebook and Google AdWords used in recruitment for study.

m Young and Well Towns

Want to improve your energy and fitness?

FIND OUT WHAT YOUR WELLBEING LOOKS LIKE & USE APPS
TO ACHIEVE YOUR GOALS

FIND OUT MORE

= Flinders

Online Wellbeing Centre

Recruitment Tracking

To assess the effectiveness of the different recruitment
approaches and reach of each advertisement/link, an
advertisement tracking system will be implemented using the
online open analytics platform Piwik [36]. Thismethod involves
adding aunique campaign and keyword codeto the source name
asaparameter at the end of each link where the advertisements,
banners, and links will be embedded.

Study Hypothesis

The primary hypothesis is that the active intervention group
(OWC with The Toolbox) will exhibit an increasein participant
well-being [as measured by the Mental Health Continuum Short
Form (MHC-SF) scores] after 4 weeks, in comparison with the
control group (OWC without The Toolbox).
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Primary Outcome Measure

The primary outcome is mental health (well-being), assessed
using the MHC-SF [37]. This scale consists of 14 questions
measuring three areas of well-being, namely, emotional,
psychological, and social. Thetool diagnoses mental health as
flourishing, moderately mentally healthy, and languishing,
consistent with the Complete State Model of Health theory. The
MHC-SF has been validated with adolescents and adultsin the
United States, South Africa, and the Netherlands. It has an
internal consistency over Cronbach alpha = .80 [38-41]. The
test-retest reliability of the MHC-SF over three successive
3-month periods averaged .68, and the 9-month test-retest
reliability was .65 [40]. A clinically significant change will be
defined as a change in diagnostic outcome (languishing,
moderately mentally healthy, and flourishing) between measures
before and after theintervention in at least one of thewell-being
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categories (emotional, psychological, and social). We will also
consider changesin heuristic trackers asreflective of behavioral
change (sleep, mood, energy).

Secondary Outcome M easures

Secondary outcomesinclude momentary measurements of mood,
energy, and sleep using simple visual analog scales ranging
from O (worst) to 100 (best) at weekly intervals. Changes in
these scales will be correlated with the type of apps selected,
goals set, and duration spent within the OWC. Thereisevidence
that depression is asignificant covariate in analyses of changes
in well-being in multiple studies [16,19,42]. Participants who
score below 50 for mood in the visual analog scale will be
invited to undergo a screening for depression using the Center
for Epidemiologic Studies Depression Scale (CESD)[43,44].
Changes in well-being of this subset will be correlated with
improvement in depression. To facilitate the cost-effectiveness
analysis, data on health-related quality of life will be collected
using the Assessment of Quality of Life-four dimensions
(AQOL-4D) index [45]. The AQOL-4D includes four
dimensions, namely, independent living, mental health, senses,
and relationships. Each dimension has three items and ranges
from -0.04 to 1.00 with higher score indicating better quality
of life. The AQOL-4D is a self-completed questionnaire that
can be administered online.

Subsidiary Outcome M easures

Resource use associated with both the intervention and control
groupswill be collected from a sample of 50 participants at the
end of the trial using a resource use questionnaire. This is a
custom questionnaire developed by the funding body Young
and Well CRC and includes questions corresponding to the
period of thetrial on participants employment/education status,
wages, their use of health services (type and duration), number
of times (and duration) they accessed the OWC and other
mental-health-related Internet sites, and how much they pay to
access the Internet.

Sample Size

The primary outcome measure is change in well-being as
measured by MHC-SF. A total of 180 completed participants
(90/arm) are required to provide 80% power to detect a
difference of 0.37 in improvement between arms with a
two-tailed type 1 error of 0.05. Thisassumesan overall standard
deviation of 0.63 at baseline and 0.81 at 1-month follow-up as
found in Bolier et a [16], and a conservative correlation of 0
between baseline and follow-up scores. Considering the higher
attrition level found by Bolier et a [16] (37.8%) this study will
aim to recruit a sample of 250 participants.

Randomization

Randomization will occur in blocks of four to ensure
approximately equal numbersin each arm. Participants will be
asked to read the study information and give their consent
online. They will then be directed to create a password-protected
account to login to the OWC. After login, participants will be
randomized into two groups. The intervention group will have
immediate access to The Toolbox, whereas the control group
will be alocated to the wait-list for 4 weeks.

http://www.researchprotocols.org/2015/2/e48/
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Statistical Analysis

The primary analysisis based on intention to treat, and missing
values from all randomized participants will be imputed with
50 samplesredrawn from the original data. The primary outcome
will be assessed using random effects mixed modeling, with
thewell-being score asthe dependent variable. Theindependent
variables are time, group, and the time x group interaction
(product) term, which are clustered over age, gender,
geographical location, work status, cultura background,
education level, and living circumstancesto account for possible
correlated readings. Sensitivity analyses and secondary
continuous outcomeswill be assessed similarly, but also adjusted
for potential confounders. All resultswill be reported with 95%
Cl and p values. A p value < 0.05 (two tailed) was taken to be
significant. All analyses will be performed using Stata version
13.1 (College Station, TX, USA) [46].

Cost-Effectiveness Analysis

An economic evaluation will be conducted alongside the trial
to estimate the relative cost effectiveness of The Toolbox
compared with the wait-list. The evaluation will take the form
of a cost-effectiveness analysis based on a primary outcome of
cost per unique visit to the OWC. Utility-based outcomes will
also be incorporated into the analysis allowing a secondary
outcometo be cost per quality-adjusted lifeyear (QALY') gained
(based on the AQOL-4D values) [47].

The cost and outcome data will be estimated for every
participant withinthetrial. Costswill be estimated by combining
data on resource use associated with both the intervention and
control groups with unit costs for each of the resource items.
Resource use data will be collected using the resource use
guestionnaire described earlier. Unit costs (eg, staff wages or
opportunity cost of time lost from work, school, or household
activities) will be collected from published data sets including
those from the Australian Bureau of Statisticsand the Australian
Government Fair Work Ombudsman. A participant-level
analysis will be undertaken to determine the mean costs,
increases in number of visitsto the OWC, and QALY sfor each
trial arm. To test the robustness of the economic evaluation
results, nonparametric bootstrapping and appropriate sensitivity
analyseswill be carried out and resultswill bereported in terms
of incremental cost-effectiveness ratios and cost-effectiveness
acceptability curves. The final results will be presented in the
CONSORT format for reporting randomized trial s[48] and the
CONSORT-EHEALTH extension [49].

Results

This trial is funded by the Young and Well Cooperative
Research Centre, Country Health South AustraliaL ocal Health
Network and Flinders University. Recruitment commenced in
December 2014 and final results are expected to have been
analyzed by the end of 2015. We acknowledge that it may be
necessary to implement personalized follow-up strategies (eg,
telephone calls to ensure an appropriate number of poststudy
measures).
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Discussion

Principal Findings

The current study differsfrom previousresearchin thefollowing
key areas. (1) it involves development of a well-being
intervention, co-designed with young people using participatory
methods; (2) it uses both community and online recruitment
approaches to get a representative youth sample of the target
population; and (3) it includes an assessment of effectiveness
and cost—benefit analysis using a waiting list randomized
controlled trial design.

The OWC has been designed as an interactive site to track
well-being in a meaningful way for participants. It provides
access to self-guided interventions that relate to improvements
inwell-being and has been designed in collaboration with final
users. It isexpected that these features will improve engagement
rates with the study.

To our knowledge, this is one of the first online interventions
designed to improve well-being using self-guided methods
specifically targeted at young people. “ The Toolbox” has been
devised using participatory design methods with ongoing user
interaction during al phases of its development. The Toolbox
design enables users to choose their own goals. It then
specifically recommends suitable apps, while also provides
userswith a spaceto rate apps and share their storieswith other
users. The Toolbox website is personalized, with active
components (apps) suggested instead of imposed. It isexpected
that all of these elements will improve engagement and be
reflected in the study outcomes.

The current study will also compare innovative ways to recruit
and engage young people using either online advertisements
through Facebook and Google, or community-based networks.
Such a comparison of recruitment strategies for well-being
interventions has not been explored before; most studies
recruiting for online well-being interventions have focused
exclusively on onlinerecruitment strategies using advertisements
[16,18]. The study will subsequently be able to determine
whether the cohorts recruited online and offline differ in terms
of their general demographic profile, as well as their response
to the intervention. The approach is innovative with regard to
community-based recruitment, with the intention to develop
advertisement/training packages that will be deployed in
community organizations using technology (videos, Google
Hangouts, etc).

Another novel feature of this study resides in the fact that the
intervention is not limited to a clinical population. This opens
up opportunitiesto explore anumber of variablesthat could be
highly significant for future interventions; for example “Does
well-being improve in the absence or presence of pathology?’
and “What are the most effective mechanisms to recruit young
people from different backgrounds and engage them with
activities to improve their well-being?’

Finaly, it is expected that the health economic analysis that
will be conducted will determinewhether improving well-being
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in the target population is associated with lower health care
costs.

Limitations

The study has potential limitations in terms of recruitment,
adherence, comparison time, and attrition levels. Although
research has shown the efficacy of online networking for the
recruitment of research participants [23,24], it is known that
intrinsic characteristics of young people imply particular
challengesregarding adherencein astudy promoting well-being.
To address these difficulties, recruitment methods have been
co-designed with young people and service providersto ensure
relevance and adequacy. We also expect to detect differences
between recruitment modalities (online vs. community based).

It would have been ideal to administer the resource use
guestionnaire at baseline and 4 weeks but this will not be
possible due to the need to avoid participant burden. The
guestionnaire will therefore only be applied at 4 weeks with
guestions focusing on resource use in the intervention and
wait-list control groups corresponding to the duration of the
trial. Costswill be appropriately extrapolated beyond the 4-week
period.

It is not possible to determine how changes in well-being are
related to using specific apps. Expected findings of this study
will indicate whether accessing purposely built online resources
can improve well-being. Given the nature of the study and
attempting to improve recruitment and adherence, datawill be
obtained from just one well-being specific measure. In addition,
participant compliance with secondary measures is not
mandatory, or assured.

This study attempts to reach the broad popul ation and does not
focus on participants with specific profiles, including mental
health  background history or gender. Although
representativenessis pursued mainly through community-based
recruitment, it is not guaranteed.

It could be argued that 4 weeks is a relatively short time to
assess intervention effects; however, based on input from the
current study’s youth reference group it has been found that

1. Young people are more likely to start using apps as soon
as they get them and gain full mastery very quickly.

2. Typically, young people will use apps for short periods,
and therefore a short intervention could improve retention
of the control group.

3. Young people are transient in their interest, which implies
that a brief intervention time could yield better adherence.

This study has gained ethical approval by the Socia and
Behavioural Research Committee of Flinders University under
registration number 6478 and is registered in the Australian
New Zealand Clinical Trids Registry (ANZCTR); ACTRN:
ACTRN12614000710628. It has also gained ethical approval
for recruitment by the Department of Education and Child
Development of South Australia.
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