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ABSTRACT

Introduction Fetal growth restriction (FGR) is a serious
pregnancy complication, associated with increased rates

of perinatal death and morbidity among survivors. Most
commonly FGR results from placental insufficiency, where
the placenta fails to deliver the oxygen and nutrients required
for normal fetal growth. This leads to fetal oxidative stress,
resulting in organ damage through lipid peroxidation. The
early developing brain is particularly susceptible, such that
FGR is associated with poorer neurodevelopment, witnessed
as cognitive and behavioural dysfunction, and cerebral
palsy. Promisingly, melatonin, a lipid soluble antioxidant

is neuroprotective in animal models of FGR. We present

a protocol outlining a randomised, placebo-controlled

trial to explore whether antenatal maternal melatonin
supplementation in pregnancies with severe, early-onset FGR
can improve neurodevelopment among survivors at 2 years
of age.

Methods and analyses We will recruit 336 women with a
singleton pregnancy complicated by FGR between 23+0and
31+6 weeks gestation. Participants will be randomised,
stratified by gestational age, to either 30 mg melatonin per
day or a visually identical placebo, continued until birth.
Measures of maternal and fetal health will be collected

until birth. Timing of birth will be determined by the treating
clinical team in discussion with the woman. Neonatal and
infant neurodevelopmental assessments will be undertaken,
consisting of brain MRI at term corrected age, general
movements assessment at term and 3 months’ corrected
age, and Bayley Scales of Infant & Toddler Development-Ill
and Infant Toddler Social Emotional Assessment at 2.5 years
corrected age. Analyses will be on intention to treat. The
primary outcome is a difference of 5 points in the cognitive
domain of the Bayley-Ill. Secondary outcomes address
maternal and fetal safety.

Ethics and dissemination This trial has Monash Health
Human Research and Ethics committee approval (17-0000-
583A). Findings will be disseminated through peer-reviewed
publications, conference presentations and to participants.
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Strengths and limitations of this study

» The trial is powered to detect neurodevelopmental
performance at 2 years of age from 332 pregnan-
cies, which is a design strength, as assessments
performed at an earlier age are less predictive of
later neurodevelopmental functioning.

» The secondary outcomes, assessing maternal, fetal
and neonatal safety and tolerability, will continue to
add to the growing literature regarding the use of
melatonin in pregnancy.

» The blinded, randomised, placebo-controlled nature
of the trial with stratification to control for the impact
of gestational age on neurodevelopmental outcomes
strengthens the trial by reducing risks of bias on the
results.

» The assessment of multiple developmental domains,
including cognition, motor, language and behaviour,
as well as structural development will further
strengthen our understanding of the impact mela-
tonin may have.

» A limitation of the trial is the current lack of lon-
ger-term follow-up, such as to 5-7 years of age,
when improved assessment of executive function
and other aspects of cognitive performance can be
performed; though the trial group intend to maintain
contact with the randomised cohort to enable later
follow-up.

Trial registration number ACTRN12617001515381; Pre-
results

INTRODUCTION

Fetal growth restriction (FGR) is defined
as a failure for a fetus to reach its full
growth potential. It is a common preg-
nancy complication, affecting 3%-9% of

BM)

Palmer KR, et al. BMJ Open 2019;9:¢028243. doi:10.1136/bmjopen-2018-028243 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-7421-6291
http://orcid.org/0000-0003-1918-5538
http://orcid.org/0000-0002-0451-8304
http://orcid.org/0000-0003-0811-4785
http://orcid.org/0000-0001-7430-868X
http://orcid.org/0000-0002-5495-5617
http://orcid.org/0000-0002-4506-5233
http://dx.doi.org/10.1136/bmjopen-2018-028243
http://dx.doi.org/10.1136/bmjopen-2018-028243
http://dx.doi.org/10.1136/bmjopen-2018-028243
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-028243&domain=pdf&date_stamp=2019-06-22
http://bmjopen.bmj.com/

pregnancies in high income countries and a reported
30 million babies every year in low income countries."*
FGR carries significant mortality risks for the fetus,
especially if undetected antenatally.” * Compared
with those born at an appropriate weight, survivors
of FGR also face increased risks of short- and long-
term morbidity, including an increased risk of cardio-
vascular, renal, endocrine and neurodevelopmental
morbidity.”'* With regard to neurodevelopment, FGR
is a risk factor for the injury that underlies subsequent
cognitive and behavioural impairment, including
cerebral palsy.®

FGR has a variety of aetiologies. The most common
cause is placental insufficiency. The relationship of
poor placental perfusion with impaired transfer of
oxygen and nutrients to the developing fetus and
subsequent morbidity is increasingly understood.
However, this knowledge provides little comfort to the
women with a pregnancy affected by FGR or the clini-
cian at the coal face because current management is
limited to preparing for and timing birth to mitigate
the risk of stillbirth while balancing the risks of prema-
turity."* A reality confirmed by the recent outcome of
trials exploring sildenafil as a new therapeutic option.'’
Varying definitions of FGR have hampered research
exploring new therapeutic approaches, a problem
resolved by the recent development of core outcome
sets for FGR that have now produced a consensus defi-
nition.'® Importantly, this definition also enriches the
population studied with FGR due to placental insuffi-
ciency, rather than those with a healthy, but small fetus
or with FGR due to another aetiological pathway, such
as infection or chromosomal anomalies.

For the fetus, placental insufficiency leads to
restricted transfer of oxygen and nutrients across the
placental bed. The fetus makes a number of compen-
satory adaptions in this setting, minimising its oxygen
consumption and metabolic demands, while also maxi-
mising oxygen delivery to its most vital organs, the heart
and brain, termed brain sparing. However, the brain is
not spared from injury. The brain is particularly vulner-
able to the harmful effects of oxidative stress, where
reactive oxygen species, mainly through the effects of
lipid peroxidation, impair myelination of white matter
tracts and cause axonal injury contributing to structural
brain changes and the functional impairment seen in
postnatal life."

In exploring new therapies that may be applied
antenatally to protect the developing fetus from the
downstream effects of placental insufficiency, certain
qualities are desirable. Such a treatment should be
safe, easily administered and well-tolerated by the
mother. It should then easily cross the placenta into
the fetal circulation, where it needs to be effective, safe
and have a wide therapeutic window.

Melatonin is alipid-soluble hormone capable of crossing
the maternal—fetal interface within the placenta.'” It is
also a potent antioxidant, exerting direct antioxidant

effects and upregulating the expression of several antioxi-
dant enzymes, such as superoxide dismutase, catalase and
glutathione peroxidase.”® ' Importantly, melatonin has
been used during pregnancy with no reported adverse
effects in the mother."” **? In a recently published trial of
melatonin given as an adjuvant therapy for pre-eclampsia,
there were no apparent significant adverse outcomes to
the babies exposed to melatonin antenatally, but there
was a higher rate of FGR in those exposed to melatonin
compared with historic controls.”” In an ovine model
of FGR, melatonin protects the brain from the harmful
effects of oxidative stress, minimises structural brain inju-
ries in the lambs and improves their neurodevelopmental
performance.” Furthermore, in a phase one clinical trial
of melatonin in human pregnancies complicated by FGR,
placental oxidative stress was significantly reduced in
those exposed to melatonin.*’

Rationale

Placental insufficiency leading to FGR is relatively common
and a significant risk factor for adverse fetal outcomes during
pregnancy that also lays the foundation for a multitude of
lifelong adverse health outcomes for the child and their
family. Damage to the developing fetal brain occurs ante-
natally due to chronic hypoxia, inflammation and oxidative
stress, and accordingly, any neuroprotective intervention
must be implemented during pregnancy to prevent brain
injury. The impact that placental insufficiency and FGR can
have on the developing brain is profound, with children and
adults having higher rates of behavioural, cognitive, motor
and language dysfunction, and an elevated risk of cerebral
palsy.” "> #** The maternal use of melatonin, an anti-oxidant
that can easily cross the placenta, may provide protection to
the fetal brain from the damaging effects of reactive oxygen
species leading to less neurological injury and improved
neurodevelopmental performance in childhood.

Aims

The trial is designed to test the hypothesis that antenatal

maternal melatonin supplementation improves neurode-

velopmental outcomes in children affected by FGR. The
primary aim is to determine whether neurodevelopment at

2.5 years corrected age (+6 months) is enhanced among

survivors of FGR whose mothers receive melatonin antena-

tally compared with those whose mothers receive placebo.

Secondary aims will seek to provide further fetal and
maternal safety data on the use of melatonin in preg-
nancy. Specifically, we aim to:

1. To determine the effects of melatonin supplementa-
tion on fetal growth and ultrasound measures of the
utero—placental-fetal circulation.

2. To report the occurrence of any adverse and serious
adverse events (AEs) associated with melatonin use.

METHODS AND ANALYSIS

Study design

A multicentre, triple-blind, randomised, parallel group,
placebo-controlled trial developed in accordance with
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Table 1 Standard Protocol Items: Recommendations for Interventional Trials trial data

Data category Information

Primary registry and trial ID
Date of registration in primary
registry

Secondary identifying numbers

30 October 2017

U1111-1203-6718

Source of funding or material
support

Monash Health
Monash University

Primary sponsor

Secondary sponsor

Contact for public queries
Contact for scientific queries

Public title
(PROTECT Me).

Scientific title

Australian and New Zealand Clinical Trials Registry, ACTRN12617001515381

Cerebral Palsy Alliance, Equity Trustee’s

KRP (kirsten.palmer@monash.edu)

KRP (kirsten.palmer@monash.edu)
SLM (suzie.miller@monash.edu)

Melatonin supplementation to improve neurodevelopment among growth restricted fetuses

A Randomised Controlled Trial of Antenatal Melatonin Supplementation in Fetal Growth

Restriction for Fetal Neuroprotection (PROTECT Me)

Protocol version and date version 2.1; 27/11/2018

Countries of recruitment Australia and New Zealand
Health condition studied Fetal growth restriction

Interventions
active ingredient).

Melatonin 30 mg daily (10 mg three times daily) compared with visually identical placebo (no

Key inclusion and exclusion criteria Inclusion criteria: Singleton pregnancy, severe fetal growth restriction, defined as either
abdominal circumference <3rd centile for gestational age or abdominal circumference <10th
centile in combination with at least one abnormal utero-feto-placental Doppler study, confirmed
23+0-31+6 weeks’ gestation, age>18years and understands English.

Exclusion criteria: A fetus with a known chromosomal, major structural anomaly or non-placental
cause of fetal growth restriction, Pregnancies requiring immediate delivery (eg, absent A wave

in ductus venosus, preterminal CTG or biophysical profile) or recruitment in another clinical trial
where a pharmaceutical product or nutritional supplement is the trial intervention.

Interventional
Allocation: Randomisation

Study type

Interventional Model: parallel, placebo controlled

Masking: Triple blinded

Phase Il
Date of 1st enrolment Not yet commenced
Target sample size 336
Recruitment status Not yet commenced

Primary outcome

To determine whether improved cognitive performance on the Bayley-lll at 2 years of age is seen

among survivors of fetal growth restriction who receive melatonin antenatally compared with

those who receive placebo.
Key secondary outcomes

1. To determine the impact of melatonin supplementation on fetal growth and well-being.

2. To report the tolerability and occurrence of any adverse and serious adverse events associated

with maternal melatonin use.

3. To determine if antenatal exposure to melatonin impacts on neonatal sleep-wake cycles.

Standard Protocol Items: Recommendations for Inter-
ventional Trials guidelines (see table 1)

Study setting

Trial recruitment will be undertaken through maternal
fetal medicine and tertiary obstetric units located in
major maternity referral hospitals across Australia and
New Zealand. Participating sites are required to have
access to MRI equipment needed for the trial protocol.
These centres are chosen as they are the main sites of care
for these complicated pregnancies.

Subjects

Pregnant women with a singleton pregnancy compli-
cated by severe FGR identified at 23+0-31+6 weeks’
gestation.

Inclusion criteria
1. Singleton pregnancy.
2. Severe FGR, defined as:
1. Abdominal circumference <3rd centile for gesta-
tional age by adapted Westerway et al charts® or
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2. Abdominal circumference <10th centile® in com-
bination with at least one abnormal fetoplacental
Doppler study, being:

1. Uterine artery (raised pulsatility index =95th
centile).?
2. Umbilical artery (pulsatility index >95th centile®’
or absent/reversed end-diastolic flow).
3. 23+0-31+6 weeks’ gestation.
4. Age =18 years.
5. Understands English.

Exclusion criteria

1. A fetus with a known chromosomal, major structural
anomaly or non-placental cause of FGR.

2. Pregnancies requiring immediate delivery (eg, absent
A wave in ductus venosus, preterminal Cardiotoco-
graph (CTG) or biophysical profile).

3. Correcruitment in another clinical trial where a phar-
maceutical product or nutritional supplement impact-
ing on oxidative stress is the trial intervention.

Recruitment

Potential trial participants will be identified from refer-
rals to maternal fetal medicine units, tertiary obstetric
units or perinatal ultrasound services at participating
sites. Eligible women will be approached by a member
of the research team who is not involved in their care
and provided with the Participant Information and
Consent Form for the trial (see online supplementary
appendix 1). The research team member will give a
verbal explanation of the trial, including a description
of the trial processes, the voluntary nature of the trial
and that a decision to participate, or not, will not affect
standard clinical care.

Women who provide written informed consent to
participate will then be randomised to receive either mela-
tonin (EuroVital pharmaceuticals, Scottsdale, Arizona,
USA) or a matched placebo (PCI pharma services, Port
Melbourne, Victoria, Australia).

Randomisation

Randomisation will be via an on-line computerised
randomisation service. Participants will be stratified
depending on their gestational age at recruitment,
producing two groups, those between 23+0-27+6 weeks’
gestation and those 28+0-31+6 weeks’ gestation. Within
these gestational groups, participants will be further
stratified for the presence or absence of abnormal
umbilical Dopplers then randomised in a 1:1 ratio to
melatonin or placebo. Stratification for gestational age
and Dopplers is to better control for the effect that
both preterm birth and abnormal Dopplers can have
on subsequent neurodevelopmental outcomes.*® At the
time of recruitment, each participant will be assigned
a unique trial code. Subsequently, all data and tissue
samples collected from the participant will be stored
only with this associated code. Thus, all data and tissue
samples are de-identified at the point of collection, but

with the capability to re-identify them in the future for
data verification, research audit and safety (eg, needle-
stick injury). A repository of all de-identified human
tissue samples collected during the trial will be main-
tained at the Monash Health Translation Precinct and
access to these samples overseen by the Monash Health
Human Research Ethics Committee.

Trial intervention

After randomisation, participants will commence the
trial intervention, of either melatonin 10 mg slow release
tablets (EuroVital pharmaceuticals, Scottsdale, Arizona,
USA), administered three times a day (a total daily dose
of 30mg per day) or visually identical placebo tablets
containing no active ingredient, administered three times
a day. Trial participants will continue the trial interven-
tion until delivery.

Participants, their healthcare providers and the
research team will be blinded to the trial intervention
the participant has received until all participants have
completed all the trial stages.

The trial intervention will be stored at each recruiting
site according to local hospital pharmacy procedure. It
will be dispensed in bottles containing 2weeks supply
(42 tablets). Compliance will be assessed by a review of a
participant medication diary and tablet count on return
of each trial intervention bottle.

Outcomes

Primary outcome

Performance in the cognitive domain of the Bayley-III at
2.5 years corrected age (+6 months).

Secondary outcomes

Address the safety of melatonin use within this popula-

tion for both the mother, as well as the fetus and neonate.

This will be achieved through:

» Assessment of fetal growth through antenatal fetal
ultrasound surveillance of growth, as well as collection
of birth weight data.

» Assessment of fetal well-being through the measure
of uteroplacental and fetal Doppler indices, being
the pulsatility index of the uterine arteries, umbilical
artery, middle cerebral artery and ductus venosus, as
well as the amniotic fluid index.

» Neonatal observation through the use of a sleep-
wake—fuss chart completed hourly during the first
week of life.

» Assessment of drug safety and tolerability for the
mother will be measured through the use of a partic-
ipant medication diary, as well as haematological and
biochemical tests.

» Assessment of melatonin concentration in maternal
and fetal circulations.

Sample and data collection

Data for each participant will be collected at recruitment,
including age, self-reported ethnicity, height and weight,
body mass index, past obstetric history (eg, parity and
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previous pregnancy complications, such as FGR, pre-ec-
lampsia, preterm birth or gestational diabetes), past
medical history (eg, pre-existing renal, cardiovascular or
autoimmune disease), current medication use, method of
estimating due date and gestational age in current preg-
nancy, presence of other obstetric complications in current
pregnancy, aneuploidy screening and, if done, results from
invasive diagnostic tests and fetal infection screens.

Following randomisation participants will have blood
pressure and urinalysis (dipstick for proteinuria)
measured fortnightly to monitor for evolving pre-ec-
lampsia, as well as information about any hospital admis-
sions or concomitant development of pre-eclampsia. To
ensure maternal safety, full blood count, renal (urea,
electrolytes, creatinine, urate) and liver (Alanine
transaminase (ALT), bilirubin, albumin) function will
be tested before the commencement of treatment,
48 hourst24hours and 14 days (+2 days) after initia-
tion of trial medication, on the day of delivery and then
lweek (+3 days) after birth. Results from these tests
will be available to the treating clinical team. Umbilical
cord blood and maternal serum will be collected at the
time of delivery for assessing melatonin concentrations
in the fetal and maternal circulations respectively. All
blood samples collected at delivery for assessing mela-
tonin concentrations will be centrifuged at 2500¢g for
20 min to obtain serum for aliquoting prior to storage
at -80°C until the time of analysis. These results will not
be available to the treating team.

Ultrasound assessment of fetal growth and well-being, in
keeping with standard operating procedures that will be
provided to all participating sites to limit variability, will be
performed fortnightly until birth for trial purposes. Results
will be available to the treating team to guide clinical deci-
sion-making. Scans may be performed more frequently at
the discretion of the treating clinical team.

Following birth, data for both maternal and neonatal
birth outcomes will be collected to the time of hospital

Identified as FGR
23+0 — 31+6 weeks

A
\

discharge from medical records. A series of neurodevel-
opmental assessments will also be performed (schedule
outlined in figure 1). These include an infant MRI at term
corrected age, performed with a 3T MRI scanner, such as
Philips Ingenia (Amsterdam, Netherlands) or similar. Scan-
ning will be performed using a non-sedated ‘wrap and
feed’ technique. High-resolution axial imaging using T1,
T2 and DWI sequences will be obtained. Diffusion tensor
imaging will be used to study white matter tract microstruc-
ture. This technique allows calculation of fractional anisot-
ropy, axial diffusion and radial diffusion of cerebral white
matter tracts. All MRI studies will be reported by a single
neuroradiologist blinded to treatment group. The MRI
results will be available to the treating team to guide clinical
decision-making.

A general movements assessment (GMA) will be
performed at term and at 3 months’ corrected age +2
weeks. The GMA is a non-invasive, quantifiable assessment
of spontaneous infant movement. Episodes of spontaneous
movements are assessed via video recordings using estab-
lished methodology,28 with movements classified as normal,
abnormal or absent depending on the gestational age of the
infant and number of weeks post birth. The GMA is a clin-
ically useful indicator of an individual’s risk for developing
cerebral palsy with high positive and negative predictive
values.” All GMAs will be performed by assessors blinded to
treatment group and results will be available to the treating
team. Additional interventional care will be offered if indi-
cated. The research team will not be involved in this care
nor in the decisions regarding the need for interventional
therapy.

At 2.5 years corrected age (+6 months) the Bayley-III
and ITSEA will be performed. We will administer the
cognitive, language and motor domains of the Bayley-III.
The Bayley-III is a direct assessment of neurodevelop-
ment and will be conducted by an experienced devel-
opmental psychologist blinded to (1) treatment group
and (2) GMA scores. The ITSEA assesses a wide array of

Term 3m 2-3y
Corrected

Corrected Corrected

Fetal Life
/ y
a a a Vi 6 GMA GMA Bayley - lll
~ ~ ~ ~ ¢ MRI ITSEA
. = Fortnightly fetal USS
Randomise =

Figure 1

a = Maternal blood test

/// = Maternal & cord blood
g sample collection

Individual patient trial schedule. During fetal life, maternal blood will be collected at recruitment, 48 hours and 14

days postcommencement of the trial intervention, at birth and 1 week postpartum. Fortnightly fetal ultrasound assessments
of growth and well-being will occur. Postnatal assessments include the GMA, MRI, Bayley Il scales of infant and toddler
development (Bayley-lll) and ITSEA as outlined. 3m, 3 months; 2-3y, 2-3 years. FGR, fetal growth restriction; GMA, general
movements assessment; ITSEA, Infant Toddler Social Emotional Assessment; USS, ultrasound scan.
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social-emotional and behavioural problems and compe-
tencies. It is validated for use between 12-36 months
of age and will be applied to our trial cohort at 24-36
months corrected age. It is a parentreported assessment
undertaken in the form of a questionnaire. Results will
be evaluated by an experienced developmental psycholo-
gist blinded to treatment group, GMA and Bayley-I1I data.
Any concerning results from either assessment will be
discussed with the family and where appropriate referral
onto appropriate specialists/services made.

All data collected through-out the trial will be stored in a
secure, password protected REDCap database. Access to the
database will only be available to the principal investigator
and research team involved in data entry and analysis.

Sample size

The sample size has been calculated to detect if melatonin
supplementation affords a clinically relevant difference in
neurodevelopmental outcomes among survivors overall,
as well as being powered to detect this difference within
subgroups of fetuses affected by very early- or early-onset
FGR. On average, the growth restricted infant has a cogni-
tive score five points lower (with a SD of 9) than the healthy
preterm infant and eight points lower than the healthy
term infant.” An increase of 4-5 points in the Bayley-IIT
Cognitive scale has been deemed sufficiently clinically
meaningful to drive changes in health policy previously.”
Therefore, we have chosen 4-5 points difference on the
Bayley-III to power the effect size. There are no data to date
to suggest melatonin will have a different effect size based
on very early (<28 weeks) versus early-onset FGR (28-31+6
weeks), but we expect neurocognitive outcomes to differ
by gestation at birth, as those identified with FGR before
28 weeks’ gestation are known to have greater morbidity
and mortality.” * With the very early-onset group likely to
deliver preterm, we will recruit babies equally within each
group to account for this potential interaction. Therefore
with 90% power, two-tailed, alpha level <0.05we need 69
mother-baby pairs per group.

Assuming a 5% loss to follow-up rate, we aim to recruit
an extra 14 participants overall. Furthermore, a peri-
natal loss rate of ~15% is commonly observed among
pregnancies complicated by FGR diagnosed <32 weeks’
gestation.” *® Allowing for this, an extra 44 women will
be recruited overall. Therefore, each group will have an
additional 15 women recruited giving a total of 84 moth-
er-baby pairs per group and a total trial population of 336
mother-baby pairs (see figure 2).

Proposed analysis

Participant data will be analysed by intention to treat. All
continuous data will be assessed for normality. Contin-
uous data will be described using mean (SD) if normally
distributed and median (IQR) when the distribution is
skewed. Dichotomous outcomes will be presented as risk
ratios with 95% confidence intervals using x* analysis for
significance testing. In the event of a value less than five,
Fisher’s Exact test will be used. Differences in maternal and
pregnancy characteristics between the two arms and within
each gestational age strata will be compared using standard
techniques to assess the effectiveness of randomisation.
Differences in the primary outcome, Bayley-III score at 2.5
years corrected age (+6 months), and secondary outcomes
(fetal growth, fetal and uteroplacental Dopplers, neonatal
sleep—wake cycles, maternal side effects and drug compli-
ance, and melatonin concentrations in maternal and fetal
blood) will be compared between the two arms. Multi-
variable regression adjusting for potential imbalances of
confounders between the two groups will be performed if
relevant. A planned sub-group analysis comparing primary
and secondary outcomes stratified by gestational group
will also be performed. A p value <0.05 (two-tailed) will be
considered statistically significant.

Adverse events
While no clinical studies have demonstrated any
serious adverse reactions to melatonin supplements in

pregnancy,'” ** *! we cannot rule out the possibility of

FGR identified between 23+0 — 31+6 weeks gestation.
Approached for recruitment.

|

Stratified by gestational age
and uteroplacental Dopplers

A 4

23+0 — 27+6 weeks
n=168

Placebo
n=284

Melatonin
n =284

A4
28+0 — 31+6 weeks
n=168

Placebo
n=284

Melatonin
n=284

Figure 2 Flow chart of treatment groups. FGR, fetal growth restriction.
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unexpected adverse reactions. Accordingly, the site inves-
tigators will monitor trial participants and their babies
progress closely, as well as being contactable to partici-
pants by phone at all times. AE assessment and reporting
will be undertaken in line with the requirements of
the Sponsor, Monash Health and the National Health
Medical Research Council (NHMRC). All observed or
volunteered AEs/serious AEs (SAEs) regardless of causal
relationship will be recorded and reported in detail
in participant medical records, to the Monash Health
Human Ethics Committee and the Sponsor, Monash
Health within 24-72hours.

Data and safety monitoring committee reporting
Melatonin is not currently indicated as an antenatal fetal
neuroprotective agent during pregnancies with FGR,
therefore for reasons of participant and fetal safety, a data
and safety monitoring committee (DSMC) has been estab-
lished. The DSMC will consist of two Australian Health
Professional Regulatory Agency registered medical
doctors, being a neonatologist and an obstetrician, as well
as a biostatistician. Two members of the DSMC have clin-
ical trials experience and have participated as a member
of a DSMC before.

For reasons of safety, the DSMC will review de-identified
(but potentially re-identifiable) data on the following:
» Interim data for evidence of trial-related AEs.
» Data quality, completeness and timeliness.
» Adherence to trial protocol.
» Adequacy of compliance with goals for recruitment

and retention.

Factors that might affect trial outcome:

Compromise of confidentiality of data, such as

protocol violations, unblinding and so on.

Scientific or therapeutic advances that may impact on

participant safety or the ethics of the study.
The DSMC are advised to advocate complete cessa-
tion, or re-evaluation, of the trial conduct, if it is evident
that either arm of the trial is associated with a statistically
significant increase in or a 50% increased rate above the
baseline ratio of trial-related AEs.

The DSMC will review trial data after 30% (n=100), and
60% (n=200) of trial participants have been recruited.

v

Trial discontinuation or modification

Participants may elect to withdraw their participation from
either a specified component of (eg, cessation of trial inter-
vention, but participate in neurodevelopmental follow-up),
or the full trial. Otherwise their continued participation
may be withdrawn at the request of the principal investi-
gator responsible for trial-related medical decisions. For
example, following a SAE or AE that is assessed by the PI,
as being directly related to the administration of the trial
intervention or as a consequence of trial participation.
The trial may be discontinued at the request of the human
research ethics committee/research directorate or at the
request of the DSMC.

There will be no allowance for the modification of the
trial intervention. Where necessary any modifications
to the trial protocol would require approval from the
Monash Health Human Research Ethics Committee.

Patient and public involvement

The trial design, rationale and planned intervention has
been discussed and planned with consumers to ensure
acceptability. Women approached for recruitment will be
asked to complete a short questionnaire to provide feed-
back on their concerns relating to FGR and the nature
of antenatal interventions they would accept. Those
participating in the trial will also be asked for feedback
on the trial intervention, the trial process and any difficul-
ties encountered. Information regarding their attitudes
towards the implementation of trial findings if positive
will also be sought. Trial participants will receive finan-
cial assistance towards travel-related expenses associated
with the performance of the Bayley-III and ITSEA at 2.5
years=6 months corrected age.

ETHICS AND DISSEMINATION

Trial findings will be disseminated through presenta-
tions at national and international conferences, publi-
cation in peer reviewed journals, as well as digital and
print media. Publication authorship will be granted by
the principal investigators to those who have contributed
to the work in the capacities defined by the NHMRC™
and specific journal guidelines regarding the attribu-
tion of authorship. Results will also be shared with all
the trial participants. Consent from trial participants
will also be sought to enable sharing of de-identified
data to assist with individual patient data meta-analyses
with similarly planned international trials. Participants
will also be asked for their consent to be contacted for
future follow-up studies.

DISCUSSION

Severe early-onset FGR is a known contributor to struc-
tural brain injury and neurodevelopmental morbidity due
to the effects of oxidative stress suffered during the ante-
natal period. No therapies currently exist that can modify
this course of events. Melatonin, a potent antioxidant,
able to freely traverse the placental bed from the maternal
to the fetal circulation may show benefit in ameliorating
the effects of placental insufficiency on brain develop-
ment, as it has done in animal models of FGR.%! ¢ SO,
melatonin would be the first therapy capable of reducing
the morbidity of severe FGR and would likely be rapidly
implemented into standard practice for the care of these
highly challenging pregnancies. As neurodevelopment
continues through-out childhood and adolescence, it is
anticipated however that longer term follow-up beyond
that outlined in this trial is a necessity to appreciate the
impact that melatonin may be able to provide for long
term neurodevelopmental outcomes.
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