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ABSTRACT

Introduction Sleep-wake and circadian disturbance

is a key feature of mood disorders with a potential
causal role and particular relevance to young people.
Brexpiprazole is a second-generation antipsychotic
medication with demonstrated efficacy as an adjunct to
antidepressant treatment for major depressive disorder
(MDD) in adults, with preliminary evidence suggesting
greater effectiveness in subgroups of depressed
patients with sleep disturbances. This clinical trial

aims to evaluate the relationships between changes in
sleep-wake and circadian parameters and changes in
depressive symptoms following adjunctive brexpiprazole
treatment in young adults with MDD and sleep-wake
disturbance.

Methods and analysis This study is designed as a 16
week (8 weeks active treatment, 8 weeks follow-up)
mechanistic, open-label, single-arm, phase IV clinical trial
and aims to recruit 50 young people aged 18-30 with
MDD and sleep-wake cycle disturbance through an early

intervention youth mental health clinic in Sydney, Australia.

At baseline, participants will undergo multidimensional
outcome assessment and subsequently receive 8 weeks
of open-label treatment with brexpiprazole as adjunctive
to their stable psychotropic medication. Following 4
weeks of treatment, clinical and self-report measures
will be repeated. Ambulatory sleep-wake monitoring will
be conducted continuously for the duration of treatment.
After 8 weeks of treatment, all multidimensional outcome
assessments will be repeated. Follow-up visits will be
conducted 4 and 8 weeks after trial completion (including
sleep-wake, clinical and self-report assessments).
Circadian rhythm biomarkers including salivary melatonin,
cortisol and core body temperature will be collected
during an in-lab assessment. Additionally, metabolic,
inflammatory and genetic risk markers will be collected at
baseline and after 8 weeks of treatment.

Ethics and dissemination This trial protocol has been
approved by the Human Research Ethics Committee of
the Sydney Local Health District (X19-0417 and 2019/
ETH12986, Protocol Version 1-3, dated 25 February
2021). The results of this study, in deidentified form, will
be disseminated through publication in peer-reviewed

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Use of a comprehensive battery that includes
ecologically valid and laboratory-based circadian
assessments (alongside genetic, metabolic and in-
flammatory markers) may provide greater insights
into the antidepressant mechanisms of adjunctive
brexpiprazole.

= Participants will receive a psychoeducational ses-
sion about sleep and circadian rhythms, including
information on how to improve their sleep-wake cy-
cle based on their individual actigraphy data.

= This trial focuses on ascertainment of the current
24-hour sleep-wake cycle and will not examine
possible factors that may contribute to sleep/circa-
dian disruption in the long term (eg, stressors) or the
physiologic properties of sleep.

= Some extraneous factors that influence the sleep-
wake cycle and/or circadian rhythms (eg, ambient
temperature, natural light exposure) are not mea-

sured in this study.

journals, scholarly book chapters, presentation at
conferences and publication in conference proceedings.
Trial registration number ACTRN12619001456145.

INTRODUCTION

In young adults, major depressive disorder
(MDD) is highly prevalent, recurrent and
comorbid with other mental and phys-
ical conditions, generating a substantial
burden of disease and disability.' * While
multiple psychological and pharmacolog-
ical treatments are commonly provided, a
large proportion of patients fail to respond
to firstline psychotherapy or antidepres-
sant treatments,”’ and augmentation with
a second-generation antipsychotic is often
recommended in these treatmentresistant
cases.'" '* Sleep-wake cycle disturbances are
common features of depressive disorders,
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including insomnia, hypersomnia, abnormal
sleep duration'” ' and abnormal timing of 24-hour
patterns of rest/activity.'® ' Moreover, abnormalities in
biological circadian rhythms (eg, melatonin) have been
reported,” *! suggesting that in some cases sleep distur-
bances are accompanied or underpinned by disturbances
of the underlying circadian system.***

The human circadian system is controlled by a master
oscillator in the brain’s hypothalamus (suprachias-
matic nucleus) which projects to circuits that govern
biobehavioural processes often altered in depression
(eg, mood, vigilance and 24-hour sleep-wake cycle).
The circadian system is primarily entrained by bright
light, and its functioning can be disrupted by factors
including aberrant light exposure and irregular sleep-
wake behaviours.** * Adolescents and young adults are
particularly vulnerable to circadian perturbations due to
significant developmental changes in circadian rhythms
across this age period,”® and sleep-wake phase delays are
common in young people with depressive disorders.?’
Recently, we reported delayed and disrupted circadian
rhythms in a subgroup of young people with depressive
disorders (who also presented with greater symptom
severity).” During adolescence there is a phase shift in
the circadian rhythm of the sleep-wake cycle, such that
adolescents typically develop a biobehavioural preference
for going to sleep later and waking later (a manifestation
of changes in the biology of the circadian system).*’ *
Furthermore, there is some evidence that correction of
circadian abnormalities is associated with antidepressant
effects of treatments targeting the circadian system such
as agomelatine’' and light therapy.™

Brexpiprazole is a second-generation antipsychotic with
demonstrated efficacy by multiple randomised controlled
trials as an adjunct to antidepressant treatment in MDD
in adults?’g_%; however, the mechanism of antidepressant
action is unknown.” The pharmacodynamic properties
of brexpiprazole, together with evidence from preclin-
ical studies, suggest that there may be specific effects on
anxiety, cognition and sleep.”” *® Further, there is prelim-
inary evidence to suggest that brexpiprazole may have
greater effectiveness in subgroups of depressed patients
with sleep disturbances, anxiety or irritability.”* * As an
adjunctive treatment in patients with MDD with inade-
quate response to antidepressant treatment, brexpipra-
zole has been reported to lead to clinical improvement of
sleep disturbances (eg, insomnia) and depressive symp-
toms, as well as improvement of daytime alertness and
functioning.*” This pattern of changes is consistent with
effects on circadian rhythms, with potential influences
on the entire 24-hour pattern of rest/activity, rather than
simply on sleep period (in isolation). To improve the
personalisation of treatment selection for mood disor-
ders, a greater understanding of the mechanisms of anti-
depressant action of specific compounds is needed.

The goal of this clinical trial is to investigate whether
the effect of brexpiprazole on depressive symptoms
is associated with changes in 24-hour sleep-wake or

circadian parameters in young people with MDD. While
disturbances in electrophysiological measures of sleep
(eg, REM sleep) have been considered to represent
biomarkers for depression,”™** this trial focuses instead
on the investigation and measurement of biobehavioural
changes associated with the circadian system (eg, rest/
activity, melatonin, cortisol and core body temperature
rhythms), rather than changes in electrophysiological
sleep architecture (beyond the scope of this study).

METHODS AND ANALYSIS

Study objectives

The primary objective of this study is to determine if
changes in depressive symptoms following adjunctive
brexpiprazole treatment are correlated with changes in
sleep-wake or circadian parameters in youth with depres-
sive disorders.

The secondary objective is to determine if changes in
social and occupational functioning following adjunc-
tive brexpiprazole are correlated with changes in sleep-
wake or circadian parameters in youth with depressive
disorders.

The tertiary objectives of this study are to determine if
changes in depressive symptoms or changes in sleep-wake
or circadian parameters following adjunctive brexpip-
razole treatment are associated with a range of multidi-
mensional outcome measures in youth with depressive
disorders® (eg, other mental illness symptoms, self-harm
and suicidal thoughts and behaviours, physical health,
alcohol/substance use and genetic markers).

Trial design

This investigator-initiated, mechanistic study involving 50
young people with depressive disorders and sleep-wake
cycle disturbances is designed as a 16-week (8 weeks active
treatment, 8 weeks follow-up) open-label, single-arm,
phase IV clinical trial.

Participants

Participants aged 18-30 years with a diagnosis of MDD
according to the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5), criteria on
a current antidepressant treatment of either selec-
tive serotonin reuptake inhibitor (SSRI) or serotonin-
norepinephrine reuptake inhibitor (SNRI) with a
disrupted sleep-wake cycle will be recruited through the
youth mental health clinics associated with the Brain and
Mind Centre (BMC), University of Sydney. All partici-
pants will provide written informed consent. The research
team will make explicit to any potential participants both
verbally and in writing (in the Participant Information
Statement) that participation is voluntary and will not
affect the patient’s care.

The inclusion criteria for this trial are as follows: (1)
aged 18-30, (2) diagnosis of MDD as per DSM-5 (Struc-
tured Clinical Interview for DSM; SCID*) criteria, (3)
current major depressive episode of moderate severity
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as defined by a Quick Inventory of Depressive Symptom-
atology*’ rating >11 at two assessments 2weeks apart, (4)
failure to respond to at least one adequate (minimum
4weeks) trial of pharmacological treatment, (5) current
antidepressant treatment with an SSRI or SNRI (including
citalopram, fluoxetine, paroxetine, sertraline, escitalo-
pram, venlafaxine, desvenlafaxine or duloxetine) for at
least 6 weeks, at a stable dose for 2weeks prior to study
commencement and (6) a perturbed sleep-wake cycle as
evidenced by: delayed sleep onset; delayed sleep offset;
disrupted sleep; high day-to-day variability of sleep-wake
cycle; non-restorative sleep or daytime fatigue.

Exclusion criteria are as follows: (1) any adjunctive
antipsychotic treatment for the current episode in the
past month, (2) use of medications which affect sleep,
melatonin, circadian rhythms or alertness (eg, agome-
latine, modafinil), (3) primary psychotic disorder, (4)
acute suicidal behaviour (score of 6 on Comprehensive
Assessment of At-Risk Mental States (CAARMS) item
7.3, (5) evidence of a medical condition (primary, respi-
ratory, neurological) that could contribute to sleep-wake
dysfunction, (6) significant alcohol or substance misuse
or dependence (assessed via DSM-5 SCID* and WHO
Alcohol, Smoking and Substance Involvement Screening
Test),* %" (7) shift work or (8) recent transmeridian travel
(ie, participants will be required to wait 3days for each
jet lag hour before entering the study), (9) previous
hypersensitivity to brexpiprazole, (10) taking CYP2D6 or
CYP3A4 inhibitors (or other contraindicated medications
listed in the Rexulti product information) and (11) preg-
nancy or lactation.

Study course and procedure
Patients presenting for mental healthcare who may be
eligible for the study will be screened by phone before
being invited to participate and attend an enrolment
visit. The enrolment visit will formally assess eligibility
criteria and confirm the presence of MDD as per DSM-b
(SCID).*® Participants will be provided with an actigraphy
device (non-invasive wrist-worn device used to objectively
measure rest/activity patterns) and will be given instruc-
tions to wear the device for the following 2week period.
Visit 1 (Baseline): Within 2weeks of completing the
diagnostic and screening assessments, data from the
actigraphy device will be downloaded and reviewed. A
further assessment of depressive symptom severity (QIDS
Clinician-Rated; QIDS-CR) 7 will be conducted to ensure
participants meet all inclusion criteria. Bloods will be
collected for assessment of metabolic and inflammatory
measures and genomic analysis. Clinical and self-report
assessments will be conducted, as well as circadian assess-
ments in which participants will remain in the sleep
lab overnight. The following morning, participants will
attend a 1-hour psychoeducation session about sleep and
circadian rhythms covering the following topics: (1) sleep
and circadian education with tailored discussion based
on their personal actigraphy data; (2) individualised
plan for progressive sleep rescheduling; and (3) lifestyle

factors and behaviours impacting on sleep (eg, exercise,
light, sleep environment, sleep regulation, foods, stress,
anxiety and mood).

Once all baseline clinical and self-report assessments
have been conducted, and the medical assessment
completed by the study doctor to confirm inclusion and
exclusion criteria, participants will be issued with the
study medication to receive 8 weeks of open-label phar-
macotherapy with brexpiprazole (REXULTI-Lundbeck)
as adjunctive to their stable psychotropic medication
(treatment as usual). Brexpiprazole will be provided to
participants at visit 1 (baseline) and visit 2 (week 4) for
the following 4weeks and will be titrated from 1 mg once
daily in week 1, to 2mg once daily in weeks 2-8.

Patients will receive 2mg/day, once daily as tablets,
for oral use. The brexpiprazole dosage will be steadily
increased from 1mg/day during week 1, to 2mg/day
during weeks 2-8 (up-titration). This is the dosage and
titration regimen recommended for adjunctive use in
MDD by the Federal Drug Administration (USA). Several
previous clinical trials have used this titration regimen
from 1 mg to 2 mg,”* *°" and a dose of 2mg has been
shown to be effective in reducing depressive symptoms.™
As doses higher than 2mg have been shown to increase
incidence of akathisia,”” a maximum dose of 2mg will be
used in the present study to minimise side effects.

Monitoring visits: Participants will be contacted by tele-
phone on a weekly basis for the duration of the 8-week
treatment period to monitor adverse events and adher-
ence. Any changes in concomitant medications will also
be investigated and recorded. In addition, participants
will be provided with a medication diary and asked to
complete during the study to monitor adherence. More
detailed information about potential side effects will be
further assessed by the study doctor at visits 2, 3, 4 and
5 using the UKU Side Effect Rating Scale,” Abnormal
Involuntary Movement Scale®® and the Simpson-Angus
Scale™ for evaluation of extrapyramidal symptoms.

Visit 2 (week 4): Following 4weeks of the treatment
phase, participants will return for clinical and self-report
assessments to assess changes in clinical and functional
measures.

Visit 3 (week 8): Following 8weeks of the treatment
phase, participants will return to complete clinical and
self-report assessments and will also complete a second
circadian (overnight) in-lab assessment. Bloods will be
collected at this visit for follow-up metabolic and inflam-
matory markers. Participants will continue to be provided
the brexpiprazole for up to 12 months following comple-
tion of the treatment phase as clinically indicated, at the
discretion of their treating clinician. Analyses will account
for whether participants have continued or discontinued
the medication during the follow-up period.

Visits 4 and 5 (follow-up visits 1 and 2, 12 and 16 weeks,
respectively): 12 and 16 weeks after commencing treat-
ment (ie, 4 and 8weeks after completing the 8-week treat-
ment period, respectively), participants will return to
complete clinical and self-report assessments. Participants

Carpenter JS, et al. BMJ Open 2022;12:2056298. doi:10.1136/bmjopen-2021-056298

3

"1ybuAdoo Agq paroslold 1senb Aq zzoz ‘2T Jequiadaq uo jwod fwg uadolwgy/:dny woly papeojumoq zz0z lequiaidas 9 uo 86z2950-TzZ0z-uadolwag/oeTT 0T Se paysiignd 1sai :uado NG


http://bmjopen.bmj.com/

will be provided with an actigraphy device to wear for
2weeks prior to these assessments.

Participants will be reimbursed for their time and the
cost of transportation to and from the research sites.

Outcomes
Outcome measures are summarised in table 1.

Primary outcomes

The primary endpoint will be the correlation between
change in sleep-wake and circadian parameters and
change in depressive symptoms from baseline to week 8.
Sleep items in the primary depressive symptom measures
(QIDS-CR total score, QIDS-Self Report (QIDS-SR) total
score, The Montgomery-Asberg Depression Rating Scale
(MADRS) total score) will be removed in analyses to
provide a measure of depressive symptoms not biased by
changes in sleep-wake parameters.

Secondary outcomes

The secondary endpoint will be correlation between
change in sleep-wake and circadian parameters and
change in functioning from baseline to week 8.

Tertiary outcomes

Tertiary endpoints will be correlation between change
in sleep-wake and circadian parameters and other
multidimensional outcome measures based on assess-
ments of symptoms, self-harm and suicidal thoughts and
behaviours, physical health and alcohol/substance use.
Further tertiary endpoints will be comparison of primary
endpoints between Clinical Stages,”™ illness trajecto-
ries” and genetic variants with potential relevance to
mood disorders and/or circadian rhythms (eg, CLOCK
and BMALL).

Assessments

Assessments used here are based on the multidimensional
assessment and outcomes framework® and include clin-
ical and self-report ratings of mental health symptoms,
social and occupational functioning, self-harm, suicidal
thoughts and behaviours, physical health, alcohol and
substance use, illness type, stage and trajectory, as well as
circadian parameters and metabolic, inflammatory and
genetic markers. Our recent research® ®-%% indicates the
capacity of the multidimensional outcomes framework
to further our understanding of the pathophysiological
mechanisms and illness progression in this cohort, as well
as to inform more personalised and measurement-based
models of care.

Diagnostic assessments
The presence of MDD and any comorbidity will be evalu-
ated using SCID* (3075 min to complete).

Mental risk assessment
Acute suicidal behaviour will be assessed by the relevant
subscale of the CAARMS* (5min to complete).

Clinical assessments

The clinical interview is expected to take around 35 min

to complete.

1. Clinician-rated Quick Inventory of Depressive
Symptomatology (QIDS-CR)*": assesses the nine crite-
rion symptom domains designated by the DSM to diag-
nose an MDE.

2. MADRS®: will also be used to assess depressive symp-
toms, to allow for direct comparisons with previous
studies of brexpiprazole in MDD.

3. Young Mania Rating Scale®: an 1l-item, multiple-
choice diagnostic questionnaire used to measure se-
verity of manic episodes.

4. Brief Psychiatric Rating Scale®: used to measure psy-
chiatric symptoms (eg, depression, anxiety, hallucina-
tions).

5. Social and Occupational Functioning Assessment
Scale™: used to assess functioning on a 0-100 scale
(lower scores suggesting greater impairment).

6. Clinical Global Impressions scale®”: used to measure of
clinical improvement.

7. Participants will also be rated on previously established
clinical stage™ ™ and illness trajectory’ models on the
basis of information collected throughout the clini-
cal interview. The clinical staging framework differ-
entiates those in the earliest phases of mental health
problems with non-specific clinical presentations
(stage la; ‘help-seeking’) from those at greater-risk
with more specific, subthreshold presentations (stage
1b; ‘attenuated syndromes’) and those who have al-
ready reached a threshold for a progressive or recur-
rent disorder meeting diagnostic criteria (stages 2, 3
or 4). The illness trajectory model is a novel tripartite
framework based on three proposed pathophysiologi-
cal pathways leading to youth-onset mental disorders:
(1) neurodevelopmental-psychosis, (2) circadian-
bipolar spectrum; and (3) hyperarousal-anxious de-
pression,* % %

8. WHO Alcohol, Smoking and Substance Involvement
Screening Test™ %% a reliable, culturally adaptable, val-
id screener for problematic or risky substance use.

Self-report assessments

The self-report questionnaires are tailored to the indi-
vidual (using skip logic) so the amount of time taken to
complete the questionnaire varies, but we estimate the
assessment will take 45min to complete.

1. Demographics and Mental Health History: includ-
ing details of work and education, physical health
(height, weight, waist circumference), history of
mental health and family history

2. International Physical Activity Questionnaire-short
version® 7 seven-item questionnaire providing inter-
nationally comparable data on health-related physi-
cal activity.

3. Alcohol Use Disorders Identification  Test-
Consumption”: includes three short questions
that estimate alcohol consumption in a standard,
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10.

11.

12.

13.

14.

15.

meaningful, non-judgemental manner. Additional
questions assessing age of onset of alcohol consump-
tion will also be used.

. Suicidal Ideation Attributes Scale (SIDAS)72: five-

item self-report questionnaire assessing the frequen-
cy, controllability, closeness to attempt, distress and
interference with daily activities on a 10-point Likert
scale over the past month.

. Columbia-Suicide Severity Rating Scale™: The scale

comprises three sections: suicidal ideation, intensity
of ideation and suicidal behaviour. A self-rating ad-
aptation will be used in combination with the SIDAS.

. Brief Non-Suicidal Self-Injury Assessment Tool”*: de-

signed to assess primary (such as form, frequency,
and function) and secondary (including but not lim-
ited to NSSI habituation; contexts in which NSSI is
practiced; and NSSI perceived life interference, treat-
ment, and impacts) NSSI characteristics.

. Quick Inventory of Depressive Symptomatology —

self-report (QIDS-SR)™: a self-rating version includes
16 questions with equivalent weightings (0-3) for
each symptom item that assesses the nine criterion
symptom domains designated by the DSM-IV to diag-
nose an MDE.

. Overall Anxiety Severity Impairment Scale™: five-

item self-report measure used to assess severity and
impairment associated with any anxiety disorder or
multiple anxiety disorders.

. Altman Self-Rating Mania Scale’”: five-item self-rating

scale designed to assess the presence and/or severity
of manic symptoms.

Primary Care Post-Traumatic Stress Disorder Screen
for DSM-5"®: five-item screen designed for use in pri-
mary care settings to identify respondents with prob-
able PTSD.

Prodromal Questionnaire™: self-report screen for use
in secondary mental healthcare services to select sub-
jects for psychosis risk.

Eating Disorder Examination® *': comprises a range
of health-related and demographic questions, includ-
ing present height and weight, and a detailed and
comprehensive assessment of symptoms, particularly
binge eating. In this study, three eating disorder be-
haviours are assessed: binge eating, purging and strict
dieting or fasting.

Sleep questions: seven questions regarding time fall-
ing asleep, waking up during weekdays and weekends,
hours of sleep, feelings when waking up. Sleep timing
items are based on the Pittsburgh Sleep Quality Index
(PSQI) and Munich Chrono Type Questionnaire,
while sleep quality items are based on expert consen-
sus in the literature.

Work and Social Adjustment Scale®: five-item scale of
functional impairment attributable to an identified
problem.

Schuster Social Support Scale®: 15-item measure
of social support used to examine an individual’s
social relationships with others (relatives, friends,

3

spouse) and the associated impact on their emotion-
al functioning.

16. Additional sleep questionnaires: participants will
complete the BMC sleep-wake self-report question-
naire battery including questions regarding ethnic-
ity, caffeine consumption, menstrual cycle, visual
impairments, and non-restorative sleep, as well as
the PPSQL™* Epworth Sleepiness Scale,” Insomnia
Severity Index,® Horne-Ostberg Morningness-
Eveningness Questionnaire® and the Seasonal
Patterns Assessment Questionnaire.™

Sleep wake assessments

24-hour sleep-wake and circadian rest-activity parameters
will be measured by actigraphy recordings. Actigraphy is
a non-invasive tool to objectively measure activity profiles
and used to estimate sleep and circadian patterns based
on validated algorithms. Participants will be asked to
complete a sleep diary and to wear an actigraph (GENE-
Activ device; Activinsights, Kimbolton, UK) on the non-
dominant wrist for at least 10 days prior to commencing
the study, and continuously for the 8-week treatment
phase. The device is a comfortable and easy to use,
battery operated wrist-worn device (similar in appearance
to a Fitbit), designed to record and provide data on move-
ment, light, temperature and sleep patterns. The device
will provide objective monitoring of participants’ 24-hour
circadian rhythm, including their sleep onset and dura-
tion, rise time, night-time sleep interruptions, and activity
patterns (see table 1). The device allows for the output-
ting of real-time raw measurement data for up to a month
without charging. Instructions will be provided to partici-
pants on how to use the device on their recruitment into
the study. Two-week actigraphy recordings will also be
completed at the 12-week and 16-week follow-up assess-
ments. GENEActiv devices have been validated against
several types of accelerometry-based activity monitors®%*
as well as for sleep-wake scoring.”” ** For decades, actig-
raphy monitors like the GENEActiv devices have been
used extensively in research to measure sleep and activity
patterns in diverse clinical settings including sleep disor-
ders, medical illnesses (eg, neurodegenerative diseases)
and various major mental disorders."” * °

In-lab circadian assessment

Circadian rhythms will be measured in an evening/
overnight recording period, including 24-hour rhythms
of salivary melatonin, salivary cortisol and core body
temperature (table 1). Circadian assessments will be
performed in accordance with established dim light
melatonin onset protocols.97_100

Metabolic and inflammatory markers

The following markers will be collected at base-
line and 8weeks follow-up visits: (1) triglycerides,
(2) cholesterol (including total, high-density lipo-
protein and low-density lipoprotein), (3) fasting
glucose, (4) fasting insulin, (5) interleukin (IL)-1p,
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Table 2 Schedule of assessments

Enrolment  Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
visit (baseline) (week 4) (week 8) (follow-up 1) (follow-up 2)
Study week 0 4 8 12 16
Informed consent v
Inclusion/exclusion criteria g g
Diagnostic Assessment (SCID) v
Mental Risk Assessment (CAARMS) v v v v v v
Demographics and mental iliness history v
Clinical Assessment (QIDS-CR, MADRS, YMRS, v v v v v
BPRS, SOFAS)
Self-report assessment v 4 v v v
Sleep-wake assessment (actigraphy monitoring) 4 v v v 4
In-lab circadian assessment g 7
Blood sample collection v v
(Metabolic and inflammatory markers)
Safety, side effects and adherence assessment v v 4 v
IP dispensing v v v s v
IP return v v

*If clinically indicated, at the discretion of the treating clinician.

BPRS, Brief Psychiatric Rating Scale ; CAARMS, Comprehensive Assessment of At-Risk Mental States; IP, investigational product; MADRS,
Montgomery—Asberg Depression Rating Scale; QIDS-CR, Clinician-rated Quick Inventory of Depressive Symptomatology; SCID, Structured Clinical
Interview for DSM; SOFAS, Social and Occupational Functioning Assessment Scale; YMRS, Young Mania Rating Scale .

(6) IL-6, (7) tissue necrosis factor-o. and (8) C-reac-
tive protein. Height, weight and waist circumference
will be recorded. Insulin resistance will be estimated
based on paired fasting plasma glucose and insulin
levels'”! by the updated homeostatic model assess-
ment (HOMAZ2-IR) using iHOMAZ2 software v.8.8.1%2

Genetics
Additional blood (30 mL) will be collected at baseline for
assessment of genetic markers as per procedures from the
University of Queensland Human Studies Unit.

The schedule of trial assessments is summarised in
table 2 and the participant timeline is presented in
figure 1.

Safety and side effects monitoring

Studies have shown that brexpiprazole is gener-
ally well tolerated, with no unexpected or severe
side effects.™ *° 199 1% Safety and tolerability of the
investigational product (IP) will be closely moni-
tored throughout the trial. For the duration of the
8-week treatment period, weekly phone calls will be
conducted to monitor safety and elicit information
regarding side effects and potential adverse events.
Any changes in concomitant medications will also be
investigated and recorded. In addition, participants
will be provided with a medication diary and asked
to complete during the study to monitor tolerability
and adherence. According to the IP information,
participants will be advised to not drive a car, operate
machinery or do other dangerous activities until they

know how the IP affects them, as it may induce drows-
iness in some subjects.

Further formal assessment of side effects and poten-
tial adverse events following the end of the treatment
phase will be conducted at the two follow-up visits
(visits 4 and 5). At the baseline visit, participants will
be informed that any serious negative side effects
should be reported to the study doctor immediately
and will be provided with the relevant contact details
to do so. All adverse events will be assessed for causality
and symptom severity according to the study protocol
and followed up by the study doctor if required. In
the occurrence of a serious adverse event, appropriate
diagnostic and therapeutic measures will be taken and
the participant will be kept under observation for as
long as is medically indicated. The principal investi-
gator will then determine if the seriousness of the event
warrants the removal of the participant from the study
or abandonment of the study. For serious side effects
or medical problems, the patient may be taken imme-
diately to Royal Prince Alfred Hospital for treatment.
The principal investigator will ensure that follow-up
of the participant is appropriate to the nature of any
event, and that it continues until resolution.

Throughout the trial the study doctor will monitor
participants for pregnancy. It is not currently included
in the protocol, but the trial Standard Operating
Procedures manual explains that the study doctor
will give relevant contraception advice to participants
based on the current IP information.
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| Potential participant referred to study |

Potentially Initial screen for Eligibility Criteria }— Ineligible
Eligible
Enrolment Visit: Ineligible Individuals continue engaging with

Informed consent process mental health service if appropriate
Diagnostic and mental risk assessment Y Y
Symptom severity (QIDS-CR)
Eligibility Criteria

Commence actigraphy monitoring

Potentially
Eligible

Week 0 | visit 1 (baseline):

Symptom severity (QIDS-CR)
Mental risk assessment
Review actigraphy data
Confirm Eligibility Criteria

Ineligible

Eligible

Included: N = 50

Visit 1 (baseline) continued:
Demographics and mental illness history —_—
Clinical assessment
Self-report assessment
In-lab circadian assessment
Blood sample collection

l Debrief conducted

Active Treatment (8 weeks, open label i

Adjunctive Brexpiprazole titrated from 1mg once

daily in week, 1 to 2mg daily in weeks 2-8

- Weekly side effects and adherence monitoring

- Continuous sleep-wake monitoring
(actigraphy)

Participant decides to
withdraw at any time

Week 4

Visit 2:
Clinical assessment
Self-report assessment

Participant assessed onsite and treatment
provided if necessary.

Mental risk assessment HREC and Sponsor informed immediately.
L Decision made if participant should be
withdrawn from study and if trial should
be discontinued.

Week 8 Visit 3:
Clinical assessment

Self-report assessment T

Adverse Event

Mental risk assessment
In-lab circadian assessment
Blood sample collection

Unexpected side
effects reported

Significant
l Adverse Event
Week 12| yisit 4 (Follow-up 1):
Clinical assessment l
Self-report assessment Participant assessed immediately onsite
Mental risk assessment and treatment provided as necessary.
Sleep-wake assessment (actigraphy) HREC and Sponsor informed immediately.
l TGA informed of any SUSARs ASAP (within
= 15 days).
wEos M‘]—Zt Decisi\:m made if participant should be
Clinical assessment withdrawn from study and if trial should
Self-report assessment _—_— -
. e e discontinued.
Mental risk assessment

Sleep-wake assessment (actigraphy)

Figure 1 Study flow chart. This figure illustrates the study design and participant timeline from referral to the last follow-up
visit, including withdrawal and safety procedures. QIDS-CR, Clinician-rated Quick Inventory of Depressive Symptomatology;
HREC, Human Research Ethics Committee; TGA, Therapeutic Goods Administration; SUSAR, Suspected unexpected serious
adverse reaction.

Sample size calculation
Sample size was determined based on a study of circadian
changes in response to agomelatine’ where a coefficient

of 0.54 was found for the correlation between change in
DLMO and change in depressive symptoms. We conser-
vatively estimated that the coefficient for brexpiprazole
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would be smaller (~0.35; ie, medium effect size), as effects
on the circadian system may be less direct. Assuming
0=0.05 and 80% power for a one-tailed correlation anal-
ysis, a sample size of n=49 is required to detect this effect.

Data analysis plan

Correlations will be performed between change scores
(ie, visit 2 score minus visit 1 score) for sleep and circa-
dian measures, and change scores for depressive symp-
toms. The intention-to-treat principle will be used for
missing data (last observations carried forward). Before
analysis, plots with outlier and normality statistics will be
generated for all variables to identify outliers and issues
with variable distribution. Extreme outliers (+3 z-scores)
will be checked against source data and testing notes to
verify whether they are the result of an error in data entry
or a specific issue during testing (eg, equipment failure),
with errors rectified. If not the result of data entry error,
outliers will be curtailed. Pearson’s or Spearman’s correla-
tions will be selected to perform analyses based on norma-
tive or non-normative data distribution (significance level
0=0.05). Correlations will also be examined between
other change scores to assess secondary and tertiary
endpoints. Further tertiary endpoints will be assessed by
partial correlations comparing categorical variables.

Patient and public involvement

Clinical professionals working with young people with
mental health problems were invited to comment on the
study design and procedures. Findings will be dissemi-
nated to scientific, clinical and wider communities.

ETHICS AND DISSEMINATION

This trial has been approved by the Human Research
Ethics Committee of the Sydney Local Health District
(X19-0417 and 2019/ETH12986, Protocol Version 1-3,
dated 25 February 2021). The study will be conducted in
compliance with all stipulations of the protocol, the condi-
tions of ethics committee approval, the NHMRC National
Statement on Ethical Conduct in Human Research and
the Good Clinical Practice guidelines. The results of this
study will be disseminated as widely as possible into the
scientific and broader community. This will include publi-
cation in peer-reviewed journals, scholarly book chapters,
presentation at conferences and publication in confer-
ence proceedings. Publications arising from this project
will be deposited into an open access institutional reposi-
tory, where possible. Results will also be disseminated into
the wider community in a format appropriate for a lay
audience, through links including the BMC website and
social media, as well as newsletters.
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