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Abstract

Background: Young children with sickle cell anaemia (SCA) often have slowed processing speed associated with
reduced brain white matter integrity, low oxygen saturation, and sleep-disordered breathing (SDB), related in part
to enlarged adenoids and tonsils. Common treatments for SDB include adenotonsillectomy and nocturnal
continuous positive airway pressure (CPAP), but adenotonsillectomy is an invasive surgical procedure, and CPAP is
rarely well-tolerated. Further, there is no current consensus on the ability of these treatments to improve cognitive
function. Several double-blind, randomised controlled trials (RCTs) have demonstrated the efficacy of montelukast, a
safe, well-tolerated anti-inflammatory agent, as a treatment for airway obstruction and reducing adenoid size for
children who do not have SCA. However, we do not yet know whether montelukast reduces adenoid size and
improves cognition function in young children with SCA.

Methods: The Study of Montelukast In Children with Sickle Cell Disease (SMILES) is a 12-week multicentre, double-
blind, RCT. SMILES aims to recruit 200 paediatric patients with SCA and SDB aged 3–7.99 years to assess the extent
to which montelukast can improve cognitive function (i.e. processing speed) and sleep and reduce adenoidal size
and white matter damage compared to placebo. Patients will be randomised to either montelukast or placebo for
12 weeks. The primary objective of the SMILES trial is to assess the effect of montelukast on processing speed in
young children with SCA. At baseline and post-treatment, we will administer a cognitive evaluation; caregivers will
complete questionnaires (e.g. sleep, pain) and measures of demographics. Laboratory values will be obtained from
medical records collected as part of standard care. If a family agrees, patients will undergo brain MRIs for adenoid
size and other structural and haemodynamic quantitative measures at baseline and post-treatment, and we will
obtain overnight oximetry.

Discussion: Findings from this study will increase our understanding of whether montelukast is an effective
treatment for young children with SCA. Using cognitive testing and MRI, the SMILES trial hopes to gain critical
knowledge to help develop targeted interventions to improve the outcomes of young children with SCA.
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Introduction
Background and rationale {6a}
Sickle cell disease (SCD) is the collective term for a
group of autosomal recessive haemoglobinopathies in
which haemoglobin polymerises after de-oxygenation,
causing red blood cells (RBCs) to become sticky, rigid,
and sickle-shaped [1]. These properties account for the
clinical manifestations of SCD, which include anaemia

and jaundice [2]. Approximately 3.5% of the world popu-
lation carries the pathological haemoglobinopathy gene;
however, SCD is most common in individuals of African
ancestry [3, 4]. Medical advances have altered the nat-
ural course of SCD from acute childhood illness with
high mortality to a chronic disease with associated
multi-organ complications, significant disability, morbid-
ity, and enormous health and economic burden [5]. As
life expectancy has improved because of substantial ad-
vances in prophylactic and potentially curative treatment
options [4, 6], there is more emphasis on amelioration of
complications, including overt stroke [7], silent cerebral
infarct (SCI) [8, 9], and cognitive difficulties [10, 11], for
which there is evidence for an association with lower
oxygen saturation (SO2) [12].
The frontal lobes have a protracted period of

development in comparison to other brain regions and
are often the site of overt stroke and SCI, which can
affect young children with SCD [8, 9]. Relatedly,
cognitive impairments appear early, are often detectable
in the first 3 years [13–17], and may become worse with
age [18, 19], even in those with no clinical history or
magnetic resonance imaging (MRI) indication of stroke
or SCI [10]. Although cognition encompasses various
domains, children with SCD appear to experience
particular difficulties with executive function [20, 21],
processing speed [22], and attention [23, 24]. Evidence
that airway obstruction and continuous exposure to low
SO2 may increase the risk of stroke and SCI [25–29],
poorer brain white matter integrity [28], and cognitive
difficulties [12, 30, 31], has been accumulating. SO2

often falls during sleep and results in sleep-disordered
breathing (SDB), especially if airway obstruction is re-
lated to the size of the adenoids in the nose, the tonsils,
and in the throat.
SDB is characterised by abnormal respiratory patterns

or pauses in breathing and insufficient ventilation during
sleep, and there is evidence that inflammation plays a
role [32]. Obstructive SDB in young children is typically
caused by adenotonsillar hypertrophy [33]. Common
treatments for SDB include timely adenotonsillectomy
[34, 35] and long-term nocturnal continuous positive
airways pressure (CPAP) [31, 36]. Both treatments have
shown some effectiveness in reducing symptoms of SDB;
however, adenotonsillectomy is an invasive procedure
that requires anaesthesia and has potentially life-

Hood et al. Trials          (2021) 22:690 Page 2 of 18

http://clinicaltrials.gov
mailto:NCT04351698
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://clinicaltrials.gov


threatening complications. In addition, many children
continue to suffer from persistent SDB after surgery
[37]. Following CPAP treatment, improvements in cog-
nition have been demonstrated in children with SDB,
but it remains uncertain whether these improvements
are sustained [35, 38–40]. There are limited data from
randomised trials of treatment for SDB with cognitive
endpoints in those with SCD even though SDB preva-
lence is higher [41], and the risk of hypoxic exposure is
greater [42, 43]. Data from a pilot phase 1 randomised
controlled trial (RCT) found that 6 weeks of auto-
adjusting CPAP improved on the Wechsler Cancellation
subtest, a measure of processing speed and attention, in
school-age children with SCD [31, 44]. Preliminary data
from the phase-2 trial also show a trend for improved
processing speed in children with SCD aged over 8 years
randomised to auto-adjusting CPAP [45, 46]. These find-
ings suggest that interventions targeting hypoxic expos-
ure may improve cognitive difficulties for children with
SCD. However, although CPAP is non-invasive, adher-
ence and acceptability problems such as patient discom-
fort, nasal congestion, and perceived difficulty with
portability limit long-term usefulness [47].
Previous research has demonstrated that the

leukotriene pathway appears to be involved in
adenotonsillar inflammation [48, 49]. Therefore,
montelukast, a leukotriene antagonist and a non-
invasive, well-tolerated orally administered drug, repre-
sents a promising alternative treatment to CPAP for
children with SDB. The efficacy and anti-inflammatory
properties of montelukast have been shown in the treat-
ment of several paediatric respiratory conditions, includ-
ing asthma [50], exercise-induced bronchospasm [51,
52], and allergic rhinitis [37, 53, 54]. Double-blind RCTs
have also demonstrated the efficacy of montelukast com-
pared to placebo in non-SCD paediatric patients with
SDB and asthma [55–58], even in children as young as 2
years [59], but these studies have not included cognitive
outcomes. There may be critical periods in childhood
where early intervention might prevent or reverse cogni-
tive function deterioration [60]. As such, montelukast is
a potential early intervention that could ameliorate SDB,
along with the associated vulnerability in brain white
matter and impairments in processing speed and execu-
tive function observed in young children with SCD.

Objectives {7}
The Study of Montelukast In Children with Sickle Cell
Disease (SMILES) trial plans to gain critical knowledge
to develop targeted interventions to improve the
outcomes of young children with sickle cell anaemia
(SCA). For this trial, SCA will include children with
both the HbSS and HbSβ0 thalassaemia genotypes [61].
Using cognitive testing and MRI, we will investigate

plausible, modifiable endpoints [62–65] at an age (3.00–
7.99 years) when compromise of brain structure and
cognitive function is potentially preventable or reversible
[60]. The primary objective of the SMILES trial is to
assess the effect of montelukast on the processing speed
of young children with SCA. Secondary objectives
include evaluating the impact of montelukast on
executive function, adenoidal size, brain volumetrics,
white matter integrity, structural and functional
connectivity, perfusion and oxygenation (measurable on
MRI) on sleep, respiratory, and pain symptoms.
Additionally, we will monitor any side effects of
montelukast and the feasibility of non-sedated MRI in
young children with SCA.

Primary hypothesis
Young children with SCA + SDB receiving montelukast
will have improved processing speed compared to those
receiving placebo.

Secondary hypothesis (i)
Young children with SCA + SDB receiving montelukast
will have improved executive function compared to
those receiving placebo.

Secondary hypothesis (ii)
Young children with SCA + SDB receiving montelukast
compared with those receiving placebo will have
improved overnight oximetry measures, fewer asthma
symptoms, and reduced adenoidal size on MRI.

Secondary hypothesis (iii)
Young children with SCA + SDB have abnormal brain
imaging (e.g. SCI and/or reduced white matter integrity)
related to the severity of SDB, which will improve in
those treated with montelukast compared with those
receiving placebo.

Trial design {8}
SMILES is a parallel group, 12-week prospective, multi-
centre, double-blind, randomised controlled trial. This
superiority trial investigates the extent to which monte-
lukast can improve processing speed, reduce adenoidal
size and white matter damage, and therefore, improve
symptoms or signs of SDB compared to placebo for
young children (3–7.99 years) with SCA. Children youn-
ger than 3 years will not be tested so that patients can
complete the same age-appropriate cognitive tests. Pa-
tients will be randomised to receive either 4 mg of oral,
chewable montelukast once daily at night (Treatment
Arm) or oral placebo (Control Arm) with one-to-one al-
location. Families will meet with the research team be-
fore the evaluation at Great Ormond Street Hospital for
Children (GOSH), at clinics at participating sites, or
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school/home before randomisation to complete cogni-
tive testing and caregiver proxy reports of child sleep
and pain symptoms (see Fig. 1).

Methods: participants, interventions, and
outcomes
Study setting {9}
Patients will be recruited from participating sites in the
UK (i.e. North Middlesex Hospital, Evelina Children's
Hospital, Whittington Health, University College

London Hospital, and King's College Hospital). The
research team will undertake trial procedures at GOSH.

Eligibility criteria {10}
Eligibility screening will involve a checklist of items
relating to inclusion and exclusion criteria (see Table 1).
A research coordinator will administer the checklist
once they have obtained written consent. The Chief
Investigator (CI) or qualified doctor delegated for
consent in Clinical Trial of an Investigational Medicinal

Fig. 1 The Study of Montelukast in Children with Sickle Cell Disease (SMILES) Trial Flow Chart
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Product (CTIMPs) will confirm eligibility. An
identification number will be issued and used on all
subsequent record forms. If the participant withdraws or
is not eligible after screening, the identification number
will not be re-used. Relevant clinical history will be
taken. A potential participant can proceed to entry if
they, their caregivers/guardian, and their treating clin-
ician have agreed to randomisation and if all other eligi-
bility criteria are fulfilled and checked by the CI. If a
patient has significant SDB symptoms based on history
and observation of obstructive pattern, they can be in-
cluded in the trial if they are waiting for adenotonsillect-
omy (the current waiting list for non-urgent surgeries is
18 weeks) or if they do not need surgery. Children re-
ceiving chronic blood transfusion (> 3 months) or hy-
droxyurea treatment are also eligible for the study.

Who will take informed consent? {26a}
The local site Principal Investigator (PI) or other
appropriately medically trained site staff (delegated by
the PI) at the site are responsible for assessing the
caregiver/legal guardians’ ability to provide written
informed consent. Members of the research team will
ensure that the caregiver/legal guardian is fully
informed about the trial and will discuss the current
approved patient information sheet. The CI, local PI,
or appropriately medically trained site staff (have
received GCP training and certified) will obtain
written consent/assent at a mutually convenient time
at GOSH or the local recruitment site after
explaining the aims, methods, and benefits and
potential risks of the trial in detail. They will obtain
written informed consent on the currently approved
version of the trial consent form before conducting
any trial-specific procedures.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
If new safety information results in significant changes
in the risk/benefit assessment, the consent form will be
reviewed and updated if necessary, and participants will
be re-consented as appropriate. This trial does not in-
volve collecting biological specimens for storage.

Interventions
Explanation for the choice of comparators {6b}
As there are no evidence-based guidelines for managing
OSA in children with SCA, the comparator will be
matched placebo stratified by whether the patient is re-
ceiving hydroxyurea.

Intervention description {11a}
Montelukast is a leukotriene receptor antagonist that
binds to the cysteinyl leukotriene receptor type 1 in the
lung bronchial tubes and adenotonsillar tissues, blocking
the action of leukotriene D4 [66]. This reduces the
bronchial-constriction that leukotriene activity otherwise
leads to, reducing inflammation. Montelukast is rapidly
absorbed following oral administration. In the fasted
state, mean peak plasma concentration (Cmax) is
achieved 2 h after administering the 4 mg chewable tab-
let for patients aged 2 to 5 years. We based regimen and
dose selection on current evidence-based National Insti-
tute for Clinical Excellence (NICE) guidelines for monte-
lukast asthma use [67]. The results of recent trials of
montelukast demonstrated improvement in obstructed
sleep apnoea (OSA) for young children in the general
population [57, 68, 69].
Although montelukast has a marketing authorisation,

we will use it outside the manufacturer’s indication in
this study. Therefore, this trial’s impact project
management (IMP) risk is categorised as Type B

Table 1 Participant eligibility criteria for participation in the SMILES trial

Inclusion criteria Exclusion criteria

Aged between 3.00 and 7.99 years Developmental or psychiatric disorders including craniofacial
abnormalities, neuromuscular disorder, and other chronic conditions

HbSS or HbSβ0 thalassaemia diagnosed by standard techniques (HPLC, IEF, MS
or alkaline electrophoresis, DNA analysis, family studies)

Patient already taking/prescribed montelukast

History of sleep-disordered breathing (SDB), (i.e. caregiver-reported symptoms
of SDB or any abnormality on overnight oximetry compared with published
data in children of the same age (e.g. nadir SaO2 < 93%; mean SaO2 < 96%))

The patient has experienced side effects or an adverse reaction to
montelukast at any time the past

Patient in a steady-state (i.e. haemoglobin not decreased by > 10% during the
previous year, no painful episodes requiring opioids for at least 1 month and
at least 1 month after any hospital admission)

Patient on CYP 3A4, 2C8, and 2C9 inducers, such as phenytoin,
phenobarbital, and rifampicin

Likely to comply with treatment for 3 months as determined by the local
paediatrician or haematologist

Presence or history of another haemoglobinopathy or blood
dyscrasia

Able to speak and understand English Concomitant treatment with any other leukotriene antagonist within
the enrolment period

Enrolled concurrently in any other SCA/montelukast trials
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‘somewhat higher than that of standard medical care’.
Guys and St. Thomas Hospital (GSTH) will manufacture
montelukast and the matched placebo under their MIA
(IMP) license 11387 and will be released by a qualified
person at GSTH. The investigational medicinal product
will be manufactured in three batches as per
requirement. The GOSH pharmacy must notify the trial
coordinator at least 2 months before if they need
additional supply. Each bottle of montelukast and
matched placebo contains 31 tablets. Each bottle will
have a unique pack ID number (Kit number) and a
portion label that the pharmacist will need to tear off at
the time of dispensing to each patient. There will be
only one dispensing of 3 bottles per patient. The CI will
decide whether to replace lost or damaged supply.

Criteria for discontinuing or modifying allocated
interventions {11b}
The CI and local PI in consultation with the respiratory
physician (AG; author) may withdraw participants from
the trial if they consider that the risk of continuing in
the trial is too great, for example, if the child is
experiencing side effects associated with montelukast or
if they require montelukast to treat asthma symptoms.
Each caregiver or legal guardian can choose to withdraw
a participant from the trial at any time. If a caregiver or
legal guardian expresses their wish to withdraw from the
trial, the site research staff will first explain the
importance of remaining in the trial. If they still wish to
withdraw, the research staff will request that the
collected data still be used. If a patient or guardian
explicitly states they do not want to contribute further
data to the trial, their decision will be respected.
Research staff will record withdrawals and the patient’s
reason on a case report form, and the local PI will note
in the patient’s hospital records. If a participant chooses
to discontinue their trial treatment, they will continue to
be followed as closely as possible to the follow-up sched-
ule defined in the protocol, providing they are willing. If
the participant is withdrawn due to an adverse event, the
CI will arrange for follow-up visits or telephone calls
until the adverse event has resolved or stabilised. We
will not replace participants who stop trial follow-up
early. We do not anticipate any dose adjustments during
the trial.

Strategies to improve adherence to interventions {11c}
We will request that caregivers return all three bottles of
montelukast or the placebo (even if empty or unused) to
the GOSH pharmacy for accountability. Caregivers will
complete a medical adherence questionnaire (see
secondary outcomes) with the assistance of the clinical
research coordinator during the 2- and 6-week phone
calls (see Table 2).

Relevant concomitant care permitted or prohibited during
the trial {11d}
Most children with SCA are prescribed folic acid and
penicillin. Hydroxyurea is a disease-modifying treatment
for patients with SCA, which has many beneficial effects,
including reduced pain and acute chest syndrome epi-
sodes, reduced hospital admissions, and less need for
blood transfusions [70, 71]. Children enrolled in the trial
prescribed folic acid, penicillin, and hydroxyurea will
continue this treatment. The research coordinator will
track any changes in hydroxyurea status during the trial
(e.g. discontinuation). The treating physician can make
any changes they deem clinically necessary, and we will
account for these differences in statistical analyses. How-
ever, as the trial duration is 3 months, we anticipate that
any changes will affect only a small number of patients.
There is no evidence of interaction between montelukast
and any of these three drugs [72].

Provisions for post-trial care {30}
There will not be a provision of the IMP beyond the
trial period unless the local paediatrician haematologist
or respiratory physician considers (at the discretion of
the treating physician) that montelukast should be
prescribed on clinical grounds (e.g. the child is
diagnosed with asthma). If prescribed, it will be done
according to current standard care guidelines rather
than the trial supply.

Outcomes {12}
The research team will collect demographic, education,
and health information from medical records, and
participants’ caregivers will complete questionnaires.
Caregivers will complete three questionnaires related to
sleep as they capture related but distinct information
about sleep habits, sleep-disordered breathing, and gen-
eral sleepiness. We will obtain cognitive data (processing
speed, executive function) from performance on tasks
administered via a tablet computer. We will calculate
both raw and norm-calculated standard scores (Mean =
100; SD = 15) in cognitive data analyses. We will calcu-
late the Processing Speed Index (PSI) from the Wechsler
subtests administered using scores from two subtests
(substituting the third test if necessary). Executive func-
tion scores will be calculated from the NIH Toolbox® for
Assessment of Neurological and Behavioral Function
(NIH Toolbox®) Cognition Module [73] to obtain a com-
posite that has been used in previous research [20]. We
will obtain laboratory values (e.g. complete blood count,
haemoglobin analysis, HbS%, HbF%) collected as stand-
ard care from medical records. When possible, we will
collect data regarding brain function using MRI tech-
niques and data regarding sleep from home oximetry
(see Table 2 for the trial assessment schedule).
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The primary and secondary outcomes have clinical
relevance as they represent many of the significant co-
morbidities (e.g. slowed processing speed, reduced white
matter integrity, respiratory symptoms, sleep distur-
bances, pain, and low quality of life) experienced by
paediatric patients with SCA [22, 45, 74–76]. The cogni-
tive tests and questionnaires have been validated in nu-
merous previous studies, often with a paediatric SCA
population. The primary and secondary outcomes’ po-
tential risks are minimal and only include those associ-
ated with routine cognitive testing and MRI scans.
Testing procedures may induce boredom, fatigue, emo-
tional discomfort, anxiety, or frustration. There is a rare
risk that we may identify a previously undiagnosed
learning disorder during the study. If that is the case, we
will notify the caregiver and refer them to a proper spe-
cialist. We will screen participants for contraindications
to MRI. If contraindications are found, the participant
will not undergo MRI but can complete other study pro-
cedures if willing.
Participant screening will occur on each day that they

come for an MRI session. We will attempt to minimise
any anxiety related to MRI by thoroughly explaining the
procedures and the MRI scanner to participants before
the study. Participants will view a video explaining the
nature of the study and participate in a mock scanning
session. During the scanning procedures, the
participants are continually monitored visually and
aurally for any potential problems. The research staff
will assure participants that they can be removed from
the scanner at any time if problems should arise or they
are experiencing discomfort. The risks of PSG recording

include minor skin irritations from the electrodes. Blood
draws are components of standard clinical care and,
therefore, do not add additional risk to participants.

Participant timeline {13}
See Table 2.

Sample size {14}
Our sample will include 200 patients with SCA (i.e.
HbSS or HbSβ0 thalassaemia) with some evidence of
sleep-disordered breathing (e.g. snoring and overnight
oximetry outside the normal range) aged between 3 and
7.99 years (see Table 1 for a full description of eligibility
criteria). The primary outcome for this study is process-
ing speed. We chose this outcome based on our previous
research in SDB alone [77] and current preliminary find-
ings in children with SCA and sleep-disordered breath-
ing [46, 78]. Scores on the tests of processing speed are
normally distributed (Mean = 100; SD = 15). Our study
of preschool children with SCA showed slightly greater
variability (SD = 16), and so this value was used in the
sample size calculations to give a more conservative esti-
mate. Statistical analyses determined that two groups of
100, one on montelukast and one on placebo, will give
90% power to detect a standardised difference of 0.5 at
the 2.5% significance level, which equates to 8 points as-
suming an SD of 16. This difference is of clinical
significance.

Recruitment {15}
The CI and research team have conducted several
successful multisite studies and previous clinical trials

Table 2 Details of study flow

Procedures Recruitment
VA/B

Baseline V1
(week 0)

Phone call
(week 2)

Phone call
(week 6)

Follow-up V2
(week 12)

Phone call
(week 14)

Informed consent X

Recent labs X

Medical history X

Eligibility assessment X

Demographics X

Family functioning questionnaires X

Concomitant medications X X

Questionnaires X X

Cognitive testing X X

MRI if consenting and feasible (X) (X)

Home oximetry if consenting and
feasible

(X) (X)

Randomisation X

Dispensing of trial drugs X

Drug accountability X

Adverse event assessments X X X X
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with caregivers and patients with SCA [45, 46, 79].
Because of these existing relationships with the study
population, the research team has significant ties to the
community, charitable organisations that support
patients, and caregiver and patient stakeholders.
Therefore, we anticipate that we can meet recruitment
goals. If we cannot recruit 200 participants, with a
minimum recruitment rate of at least 50%, we will have
> 90% power to determine whether the adenoid to
nasopharynx ratio reduces in children with SCA taking
montelukast [80]. Previous studies have shown a large
reduction in adenoid to nasopharynx ratio in 23 children
with SCA taking montelukast (Mean = 0.81, SD = 0.04
pre-treatment vs Mean = 0.57, SD = 0.04 post-
treatment) compared with no change in the placebo
control group of 23 children [80].

Assignment of interventions: allocation
Sequence generation {16a}
Each participant will either be receiving hydroxyurea or
standard care, which will form a 2-category stratification
variable. A computer programme (SIMIN package) will
generate a stratified blocked random allocation sequence
with randomly assigned block sizes (4, 6, 8, or) to ensure
suitable allocation concealment. There will be an equal
allocation distribution between montelukast (treatment)
and placebo (control).

Concealment mechanism {16b}
Only the pharmacist undertaking the randomisation will
know whether the patient has been allocated to
montelukast or placebo. Patients are allocated to groups
by minimization with weighting, which ensures that the
groups are balanced with respect to prognostic
indicators (minimisation criteria) that are likely to affect
outcomes and is concealed from the investigators and
families. The GOSH pharmacy will use the patient’s
hospital number to record the allocation, and at the end
of the trial, they will pass this information to the study
statistician. At the end of the trial, the pharmacist will
check that the current sequence is the same as what was
initially generated, and they will note and query any
discrepancies.

Implementation {16c}
A research team member will be responsible for setting
up the randomisation system and passing the resulting
sequence list to pharmacists at GOSH, who will use this
to allocate patients as they present for the prescription.
This team member will not enrol or assign participants
to the intervention or conduct cognitive and MRI
evaluations. Consecutive eligible children with SCA will
be offered the study from selected sites via their
consultant paediatrician or haematologist or ENT

surgery waiting lists or their local sleep laboratory; non-
enrollers will be logged. The pharmacist will dispense
the intervention during the patient’s visit for cognitive
evaluation and MRI. The pharmacist will otherwise have
no patient contact.

Assignment of interventions: blinding
Who will be blinded {17a}
The CI, local PIs, and researchers involved in data
collection will be blind to group allocation. Pharmacists
will be unblinded for dispensing purposes. Statisticians
will be unblinded to allocation before preparation of the
participant flow diagram and outcome analysis.

Procedure for unblinding if needed {17b}
The code breaks for the trial are held in GOSH
pharmacy and are their responsibility. If the CI needs to
know if a patient has been prescribed montelukast or
placebo to manage a specific serious adverse event, the
CI may be unblinded for that particular participant. The
responsibility to break the treatment code in
emergencies resides solely with the CI. The CI has
unrestricted and immediate access to emergency
envelopes available at the site to break the treatment
code. Out of hours code-breaking will be possible if ne-
cessary. The GOSH pharmacy will put together a stand-
ard operating procedure (SOP) which will have
information on unblinding out of hours. The on-call
pharmacist will have access to a folder where the code
will be available, and he/she will also have access to mo-
bile numbers of the clinical trial team and the pharma-
cist. Data will be entered into a phone app that will link
to an anonymised dataset locked in the UCL Data Safe
Haven. Once this is complete, the statistician will receive
the unblinded codes from the GOSH pharmacy for the
statistical analysis.

Data collection and management
Plans for assessment and collection of outcomes {18a}
At baseline, caregivers will complete measures of
demographics (e.g. age, gender, ethnicity, parental
education), pain burden, asthma symptoms, family
functioning, child executive function, and sleep
questionnaires. A clinical psychologist (AMH; first
author) with significant assessment experience will train
PhD candidates and paediatric neuropsychology MSc
students to conduct the cognitive evaluation and assist
caregivers with questionnaires. Assessors will administer
cognitive testing to patients on a tablet computer. Given
that proximity to a blood transfusion has been shown to
influence cognition [20], we will test patients at the
same time in their transfusion cycle at baseline and
post-treatment (e.g. if we test a patient in the week
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before a transfusion at baseline, we will test a patient in
the week before a transfusion at post-treatment).
Questionnaires and testing should take about 1 h to

complete. If a family agrees (optional assessments),
patients will undergo brain MRI after cognitive testing,
and the research team will organise a reading of
overnight oximetry. Patients will then be randomised to
the control or treatment arm by the GOSH pharmacist.
Montelukast will be immediately dispensed or posted to
families. At the 12-week follow-up, caregivers and pa-
tients will complete questionnaires and cognitive testing
again. Optional assessments will also be completed (see
Fig. 1) Patients and families will complete an adverse
event assessment and visit the GOSH pharmacy for
montelukast accountability. We will compensate families
for transportation (e.g. taxis) to and from the site for
both visits. The study coordinator will call families at
weeks 2, 6, and 14 to check for any adverse events (e.g.
hospitalisations), focusing on potential patient behaviour
changes (see Table 2) and medication adherence.
Given that this trial will be conducted in the UK

during the coronavirus disease (COVID-19) pandemic,
we aim to begin our cognitive evaluation in June 2021.
We will conduct our cognitive evaluation in one of two
ways. Families can choose from the two options.
Families can choose to complete the cognitive evaluation
in the same room as an assessor at a hospital site with
guidelines to minimise COVID-19 infection (e.g. separ-
ate tables, masks, handwashing, enhanced cleaning of
tablet computers). Families will also have the option to
complete the cognitive evaluation in a different room to
the assessor, with both facing a computer monitor with
a camera. Caregivers will not be in the room but will be
able to stand directly outside with another assessor.
Caregivers can complete questionnaires during the cog-
nitive evaluation, online (e.g. video conferencing), or by
phone with a research team member’s assistance.

Primary outcome
Processing speed
The Cancellation, Symbol Search, and Coding subtests
from the Wechsler Preschool & Primary Scale of
Intelligence Fourth Edition (WPPSI-IV) [81] and the
Wechsler Intelligence Scale for Children Fifth Edition
(WISC-V) [82] will be used to calculate our primary
endpoint of processing speed. We will give all three
processing speed Wechsler subtests to obtain a two
subtest Processing Speed Index. We will use this testing
strategy to ensure that we have two usable processing
speed scores from all patients. We will choose the most
developmentally appropriate test for patients. All tests
will be administered using Q-interactive [83] on a tablet
computer and following published guidelines for remote
assessment (if testing in a separate room is necessary).

Cancellation requires the child to scan a structured ar-
rangement of coloured shapes and mark target shapes
within a specified time limit. For the WPPSI-IV, process-
ing speed subtests include Bug Search and Animal Cod-
ing. Bug Search requires the child to match visual
stimuli. Animal Coding is a speeded paired-associates
subtest in which the child marks shapes that correspond
to animals. For the WISC-V, we will administer the
analogous Symbol Search and Coding subtests.
For our second primary processing speed endpoint, we

will administer the Pattern Comparison Test, a subtest
in the Cognition Module of the NIH Toolbox®. The
cognition module includes automated scoring; however,
the assessor presents task instructions, monitors
compliance, and ensures valid results. All instructions
will be presented visually on the tablet screen using the
iPad app with instructions spoken orally by the assessor.
Participants use their index fingers to identify whether
two side-by-side pictures shown on the tablet screen are
the same (press the ‘Yes’ button) or are not (press the
‘No’ button) the same. Participants have 90 s to respond
to as many pictures as possible. The number of correct
responses completed will be scored, up to a maximum
of 130.

Secondary outcomes (patient)
Executive function
We will analyse two executive function tests from the
Cognition Module of the NIH Toolbox® as secondary
outcomes [73]. Scoring is a combination of accuracy and
reaction time.

Dimensional Change Card Sort Test Children will
match targets to test pictures that vary along two
dimensions (i.e. colour and shape). The test consists of
four blocks (practice, pre-switch, post-switch, and
mixed). Children will respond to targets as quickly as
possible without making mistakes. There are 40 trials.

Flanker Inhibitory and Attention Test Children will
indicate the direction of a target and respond as quickly
as possible without making mistakes. On congruent
trials, flankers pointed in the same direction as the
target. On incongruent trials, flankers pointed in the
opposite direction as the target. For children aged 3–7
years, scores of ≥ 90% using preliminary fish stimuli are
followed by an additional 20 trials using arrows.

Secondary outcomes (caregivers)
Behavioral Rating Inventory of Executive Function (BRIEF-2)
[84].
The BRIEF-2 is a caregiver-reported questionnaire with
63 items that assesses executive function behaviours in
the school and home environments. The Global
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Executive Composite, Behavioral Regulation, and Emo-
tion Regulation indices will be used in analyses. Higher
T-scores (> 65) indicate more clinical concern.

Quality of Life

Pediatric Quality of Life Inventory Sickle Cell
Disease Module (PedsQL) [85] Caregivers will
complete the PedsQL, a 43-item questionnaire with nine
dimensions (pain and hurt, pain impact, pain manage-
ment and control, worry, emotions, treatment, and com-
munication). Caregivers rate how much of a problem an
issue had been during the past month on a 5-point
Likert scale of 0 = ‘Never’ to 4 = ‘Almost Always’. Items
are reverse-scored and linearly transformed to a 0–100
scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0), so that
higher scores indicate better quality of life. Overall and
subscale scores are computed as the sum of the items di-
vided by the number of items answered. Clinical classifi-
cations for the PedsQL are as follows: 81–100 = low
levels of pain, 61–80 = intermediate levels of pain, and
0–60 = poor HRQOL related to pain [86].

Sleep

Children’s Sleep Habit Questionnaire (CSHQ) [87]
Caregivers will complete the CSHQ, a 45-item caregiver-
rated questionnaire: 33 scored questions and seven add-
itional items intended to provide other relevant informa-
tion about sleep behaviour (e.g. nocturnal body pains).
The CSHQ assesses the frequency of behaviours associ-
ated with common paediatric sleep difficulties. Care-
givers rate their child’s sleep habits and possible
difficulties with sleep during the past week on a 3-point
Likert scale: ‘usually’ (i.e. 5–7 times within the past
week), ‘sometimes’ (i.e. 2–4 times within the past week),
or ‘rarely’ (i.e. never or 1 time within the past week). A
total sleep disturbances score is calculated as the sum of
all CSHQ scored questions and can range from 33 to 99,
with a score of over 41 indicating a paediatric sleep
disorder.

Pediatric Sleep Questionnaire (PSQ) [88] Caregivers
will complete the PSQ, a 22-item questionnaire that asks
about snoring frequency and loudness, observed apnoea,
difficulty breathing during sleep, daytime sleepiness, and
inattentive or hyperactive behaviour. Responses are ‘yes’
= 1, ‘no’ = 0, and ‘don't know’ = missing. The mean re-
sponse to non-missing items is the score, which can vary
from 0 to 1. The total ‘yes’ responses are summed, and a
score of 8 or more indicates a further sleep evaluation
may be necessary.

Epworth Sleepiness Scale (ESS) [89] Caregivers will
complete the ESS, an 8-item questionnaire that assesses
the chance of dozing off or falling asleep whilst engaged
in 8 different activities. Responses are rated on a 4-point
scale of 0 = ‘would never doze’ to 3 = ‘high chance of
dozing’. The ESS total score is the sum of all items and
can range from 0 to 24. The higher the ESS score, the
higher the child’s daytime sleepiness.

Asthma

Childhood Asthma Control Test (C-ACT) [90] The C-
ACT consists of 7 items of asthma control during the
previous month. The C-ACT is divided into two sec-
tions. The child completes the first section, consisting of
four questions on perception of asthma control, limita-
tion of activities, coughing, and awakenings at night.
Each question has four response options. The caregiver
completes the second section, which consists of three
questions (daytime complaints, daytime wheezing, and
awakenings at night) with six response options. The sum
of all scores yields the C-ACT score, ranging from 0
(poorest asthma control) to 27 (optimal asthma control).
A cut-off point of more than 19 indicates uncontrolled
asthma.

Adherence

Medical Adherence Questionnaire (MAQ) [91] The
MAQ is a 4-item measure where caregivers answer yes
or no regarding items that assess their child’s adherence
to montelukast during the SMILES trial. Items are
summed to achieve a total adherence score.

Optional secondary assessments
Brain MRI
We will conduct core MRI endpoints in a subset of
children (N = 50) willing to undergo MRI. Patients and
families will be offered a research MRI at GOSH. Upon
arrival, the patient’s caregiver/guardian will complete an
MRI safety checklist with an experienced radiographer.
The MRI protocol will consist of conventional and
advanced sequences to quantify any abnormality due to
hypoxia/ischaemia. The protocol will be conducted in a
research time slot, lasting under 60 min. Images will be
checked for motion artefacts; data considered to be
corrupted will be discarded. We use experienced
paediatric radiographers to reduce the failure rate, which
has been between 5 and 10% in previous studies. All
MRI sequences will be without sedation and completely
non-invasive. MRI protocol will be undertaken on a 3-T
Siemens Prisma scanner.

Hood et al. Trials          (2021) 22:690 Page 10 of 18



Cerebrovascular disease A T2-weighted fluid-
attenuated inversion recovery (FLAIR) volume sequence
(1 × 1 × 1mm image resolution, 6 min duration) will be
used to diagnose SCI.

Adenoidal size and brain volumetrics A T1-weighted
MPRAGE sequence (1 × 1 × 1mm image resolution, 5-
min duration) will be used to obtain high-resolution
anatomical/volumetric information. Segmentation and
parcellation through established processing pipelines
using Freesurfer will provide measures of intracranial,
white matter, grey matter volumes, and volumes of cor-
tical and subcortical structures. The adenoidal to naso-
pharyngeal ratio will be measured from the sagittal
(scout) view on T1 MRI.

Perfusion A pulsed arterial spin-labelling sequence (3D
single shot GRASE acquisition, matrix size = 64 × 64, 20
contiguous slices with 5 mm thickness, 6 min duration)
will be used to assess perfusion. Perfusion will be quanti-
fied by fitting established biophysical models to arterial
spin-labelling data, providing voxel-wise estimates of
cerebral blood flow (CBF) in units of millilitres of blood
per 100 g of tissue per minute.

White matter integrity and structural connectivity
White matter integrity will be assessed by fitting
diffusion models to data from a diffusion-weighted se-
quence (60 directions b = 1000 s/mm2, and 60 directions
b = 2200 s/mm2 interleaved with 13 T2-weighted b = 0
volumes, 2 × 2 × 2mm image resolution, 8 min dur-
ation). Diffusion parameters of interest are fractional an-
isotropy and axial, radial, and mean diffusivity. Graph
theoretical analysis will be performed using Brain Con-
nectivity Toolbox to examine the integrity of white mat-
ter networks. Networks are a collection of nodes
connected through pairwise relationships (edges). The
topological features and the brain network’s behaviour
can be characterised via a series of global and local net-
work measures. The global network measures to be ana-
lysed will include (density, total weight), node-based
(degree, clustering, path length), network organisation
(scale-free, modular edge-based betweenness, multi-edge
based (rich cub, motifs, path motifs), removal statistics
(node, edge), and the whole system (Laplacian, eigen-
vector, centrality, modelling).

Additional brain MRI endpoints
Children who tolerate the core MRI protocol (awake)
will be asked whether they are willing to undergo the
following additional sequences: Multiparametric map
sequence (MPM; 15 min) to assess tissue characteristics
T2-Relaxation-Under-Spin-Tagging sequence (TRUST;
5 min) to assess oxygen-extraction fraction, and resting-

state fMRI sequence (rsfMRI; 6 min) to assess functional
connectivity (if children are awake).

Sleep

Overnight oximetry When feasible, overnight oximetry
will be collected at home to measure (i) mean and (ii)
minimum oxygen saturation and (iii) the number of dips
per hour.

Covariates

Demographic questionnaire A caregiver will provide
demographic information (e.g. age, sex, ethnicity,
caregiver education, marital status).

Medical history Study team members will obtain
medical history (i.e. SCI) and laboratory results (i.e.
haemoglobin) from local PIs taken as part of standard
care from birth and 6 months after randomisation.

The Systemic Clinical Outcome and Routine
Evaluation (SCORE-15) [92] Caregivers will complete
the SCORE-15, which is a 15-item measure assessing
family processes and aspects of family functioning (e.g.
‘We are good at finding new ways to deal with things
that are difficult’). Responses to items are rated on a 5-
point Likert scale ranging from 1 = describes my family
very or extremely well, to 5 = describes my family—not
at all. The total score ranges from 15 to 75, with high
scores indicating more family problems. Caregivers then
rate the perceived burden of problems and family func-
tioning on 3 10-point Likert scales. Scores are summed
to obtain a level of family adjustment.

COVID-19 Exposure and Family Impact Survey
(CEFIS) [93] Because the SMILES trial will be
conducted during the ongoing COVID-19 pandemic;
caregivers will complete the CEFIS, which assesses as-
pects of the COVID-19 epidemic that are likely to im-
pact families. The CEFIS contains subscales; part 1
(Exposure) consists of 25 items (yes/no responses), part
2 (Impact) consists of 12 items with 10 items using a 4-
point scale rating impact on caregiver participant’s and
family’s life and 2 items that use a 10-point distress
scale. Part 3 is an open-ended question so that partici-
pants can expand upon their experiences. Higher scores
denote more negative impact/exposure.

Plans to promote participant retention and complete
follow-up {18b}
We will employ strategies to optimise recruitment and
retention, including reminder phone calls, scheduling
baseline, and follow-up visits convenient for caregivers,
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allowing caregivers to complete questionnaires online or
by phone, and check-in with families during and after
the trial.

Data management {19}
All documents will be stored safely at UCL GOS
Institute of Child Health. For study-specific documents,
other than the signed consent, the participant will be re-
ferred to by the study participant number/code, not by
name. All data files will use a unique study assigned
identifier codes. Electronic data files will be password
protected, with access limited to study personnel. In-
formed consent documents will be maintained in locked
storage cabinets within the PI’s locked office space at
each site. Consent and permission forms will be kept
separate from the participant’s data. Only the study staff
will have access to the keys to the cabinets. Medical
chart data will be collected by trained study staff under
the supervision of the site PI. The full study database
will be maintained on the UCL data haven web-based
server.
Data quality will be maintained through double data

entry from research team members and data quality
checks that assess for conformance (does the data
adhere to pre-specified values?), completeness (does
missing data fit with expectations or our existing know-
ledge?), and plausibility (are the data values believable
and within an expected range or distribution?) [94]. Data
quality will be monitored by random inspection by the
first author for the first 3–5 participants at each site and
then quarterly. Inter-rater reliability among research
team members will be computed for patient medical re-
cords and cognitive data. Any reliability issues will be
addressed with additional training. Discrepancies will be
resolved by checking source data and, if necessary, by
returning to patient charts to correct any inaccuracies.
Source data and trial documentation will also be

available to external auditors if and when required and
in the event of a regulatory inspection. Access to the
final data set will remain with the CI. Archiving will be
authorised by the Sponsor following submission of the
end of the study report. Essential documents will be
retained for a minimum of 25 years after completion of
the trial. These documents will be kept for longer if
required by the applicable regulatory requirements.

Confidentiality {27}
Patient data will not be available to anyone not directly
associated with the trial. All research team members
have been trained in data safety and monitoring, privacy,
and confidentiality, minimising risks related to privacy
and confidentiality loss. The performance of research
team members will be monitored to ensure the strictest
standards. Patient identifiable data, including initials,

date of birth, and NHS number, will be required for the
registration process. The participants will be identified
only by initials and a participant’s ID number on the
case report form (CRF) and any electronic database. All
documents will be stored securely and only accessed by
trial staff and authorised personnel. The trial will
comply with the Data Protection Act, which requires
data to be anonymised as soon as it is practical. Data
will be stored in a secure manner and in accordance
with the Data Protection Act 2018.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
These are not applicable, no samples collected.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
An excel database will take downloadable data from the
tablet computer used for the cognitive evaluation. The
pharmacist will maintain randomisation codes, and the
research team will maintain basic demographics
information. Analyses will be performed in the SPSS and
R statistical packages [95]. Differences in our primary
outcome of processing speed between treatment and
control arms at 12 weeks will be assessed adjusting for
the stratification factor (i.e. hydroxyurea) and baseline
measures as appropriate. Secondary outcomes will be
similarly compared using linear, logistic, or Poisson
regression models applicable to the outcome type
(numeric, binary, or count). The primary analyses will be
intention-to-treat on those patients who consented to
randomisation. We will use bias-corrected and acceler-
ated 95% confidence intervals (CI) for all analyses as
they adjust for possible bias and determine significance
at an alpha level of p < .05 two-tailed.

Interim analyses {21b}
Interim analyses are not planned as unexpected serious
adverse events related to the intervention are not
expected. The trial participation for each patient is
short, and they will be followed up in their local
paediatric haematology centres.

Methods for additional analyses (e.g. subgroup analyses)
{20b}
Analyses will consider how results differ according to
age, whether the child had an SCI, oxygen content,
overnight oxygen saturation, and sleep duration.
Baseline demographics, age, sex, and most recent
haemoglobin will be compared for those consenting to,
and completing the trial and the non-consenters/non-
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completers to identify any potential biases and the gen-
eralisability of results.
Sensitivity analyses will also compare observations

collected during higher UK COVID-19 restrictions ver-
sus lower/no COVID-19 restrictions. We will examine
the impact of the COVID-19 pandemic on our trial out-
comes by assessing the interaction between our treat-
ment groups (montelukast versus placebo) and scores on
the caregiver completed CEFIS in regression models. Fi-
nally, in addition to assessing hydroxyurea as a stratifica-
tion factor, we will also determine if there is a
hydroxyurea exposure × dose per kilogram effect on
processing speed (e.g. does more prolonged hydroxyurea
exposure after accounting for weight affect processing
speed?)

Methods in analysis to handle protocol non-adherence and
any statistical methods to handle missing data {20c}
All randomised participants will be included in analyses
based on intention to treat. Missing data will be imputed
under the assumption of the data being missing at
random (MAR). Results will be compared with complete
case analyses. The MAR assumption will be explored
before the trial and before drop-outs occur. We will use
multiple imputations for ITT analysis, but check the
MAR assumption against reasons given for drop-out and
complete case for per protocol to compare the results.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}
The SMILES protocol is publicly available on
clinicaltrials.gov. There are no current plans for granting
public access to the participant-level dataset and statis-
tical code.

Oversight and monitoring
Composition of the coordinating centre and trial steering
committee {5d}
The Trial Steering Committee responsibilities, in
consultation with site PIs, include governance, protocol
development and amendments, study design, planning,
monitoring, and progress along with data collection and
validation, and preparation of the manuscript for
publication. No publications will be disseminated
without the Trial Steering Committee’s prior approval.
PIs at each participating site will be responsible for
study conduct and day-to-day operations. The Trial
Steering Committee consists of project coordinators,
data managers, and research assistants (i.e. postdoctoral
fellow, PhD and MSc students) and is led by the coord-
inating centre PI. Data analyses will be performed by the
study statistician and a member of the Trial Steering
Committee. A member of the Trial Steering Committee
will meet bi-weekly with the participating site PIs. The

Trial Steering Committee will meet once a month to dis-
cuss study progress.

Composition of the data monitoring committee, its role and
reporting structure {21a}
This study has an external data monitoring committee
(E-DMC). According to the DMC Charter, the DMC
will be responsible for ongoing monitoring of
participants’ efficacy and safety in the study. The
recommendations made by the DMC to alter the
conduct of the research will be forwarded to the
Sponsor for a final decision. The Sponsor will forward
such decisions to regulatory authorities, as appropriate.
If the DMC recommendation is to halt the trial due to
any other serious toxicity, then a substantial amendment
must be submitted and approved by the MHRA before
re-initiating recruitment. The DMC will be independent
of the study team and will have no direct involvement in
other trial aspects. The DMC will develop operation pro-
cedures in consultation with the sponsor, documented
in the DMC charter.

Adverse event reporting and harms {22}
We will closely monitor participants for known potential
and unexpected adverse events. The research
coordinator will contact families during the first 1–2
weeks to determine any adverse events, especially
behavioural, and then contact them again at 4 and 8
weeks by telephone. They will also be encouraged to
contact the investigators or their local paediatricians/
haematologists if they experience unexpected events.
The number of children with treatment-related adverse
events from montelukast will be measured by looking at
all adverse events, including days of illness and days lost
from preschool/school. Hospital admissions for pain,
acute chest syndrome, stroke, planned surgery, splenec-
tomy, and gallstones are expected in patients with SCA.
These admissions will not be reported in this trial unless
the CI believes that there is a causal relationship be-
tween the drug and the event. The management of any
symptoms or exacerbations will be per usual clinical
practice. The local PI or delegated research staff will dis-
cuss specific issues with families throughout the study.
Any concerns which cannot be satisfied at a local level
will be forwarded to the CI.
Adverse events will be recorded on case report forms

by the study coordinator and encrypted and stored
separately from other data collected. If the CI considers
it necessary to know whether a participant is assigned to
montelukast or placebo to manage a specific serious
adverse event, the treatment may be unblinded for that
participant. The GOSH pharmacy will access the
randomisation schedule if required and supply the
needed information to unblind the participant. The most
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frequently occurring adverse experiences consistent with
the safety profile of montelukast include abdominal pain,
somnolence, thirst, headache, vomiting, and
psychomotor hyperactivity. If the participant is
withdrawn due to an adverse event, we will arrange for
follow-up visits or telephone calls until the adverse event
has resolved or stabilised.

Frequency and plans for auditing trial conduct {23}
The Sponsor (UCL) is responsible for implementing
quality control and quality assurance. A trial-specific
monitoring plan will monitor the trial with the agreed
plan. Initiation visits will be performed at each trial site
before recruitment, followed by routine monitoring visits
throughout the clinical trial. There will be study close-
out visits once all data has been cleaned and queries
have been resolved. We will submit protocol deviations
that compromise safe drug administration or determine
study endpoints to GOSH NHS Trust R&D Department.
Protocol deviations will be included in the annual proto-
col review for the ethics committee. Source documents
are original documents, data, and records from which
participants’ CRF data are obtained. These include, but
are not limited to, hospital records (from which medical
history and previous and concurrent medication may be
summarised into the CRF), clinical and office charts, la-
boratory and pharmacy records, microfiches, radio-
graphs, and correspondence. Only members of the trial
research team and the trial monitor will have direct ac-
cess to the source data (i.e. hospital and pharmacy re-
cords) and trial documentation, which will be available
to internal and external auditors if required. Access to
the final data set will remain with the CI.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}
Any significant changes to the protocol outlined above
(e.g. study objectives, study design, patient population,
sample sizes, study procedures, or significant
administrative aspects) will be written into a formal
substantial amendment and approved by the ethics
committee before implementation. New information
that affects the risk/benefit assessment that results in
changes to the consent form will require participants to
be re-consented.

Dissemination plans {31a}
The study’s findings will be reported and disseminated
at scientific conference presentations and in peer-
reviewed journals and through engagement with medical
providers, charities and community organisations, media,
and the government. In particular, we will promote the
outcomes of this study through lay-audience

presentations, social media, and written feedback to pa-
tient support groups, as well as internal reports and arti-
cles on our lab webpages, which are publicly accessible.

Discussion
Young children with SCA often have cognitive
difficulties, specifically involving slowed processing
speed [96–98]. These processing speed difficulties
appear to be related to the brain’s deep white matter
vulnerability to hypoxic-ischaemic injury [22]. Oxygen
saturation often falls during sleep, especially if there is
airway obstruction associated with the size of the aden-
oids in the nose as well as the tonsils, clinically detected
as snoring [99]. There is preliminary evidence that sug-
gests that children with SCA often have SDB associated
with deficits in processing speed which early interven-
tion could ameliorate [31]. However, the evidence base
that widely used interventions, such as adenotonsillect-
omy and CPAP, to improve cognitive function is cur-
rently not strong, and consensus on treatment strategies
has not yet been achieved [35, 38–40]. Montelukast is a
safe, well-tolerated anti-inflammatory agent that medi-
ates leukotrienes, which are key inflammatory mediators
in the respiratory system. Several double-blind RCTs
have demonstrated efficacy compared to placebo in the
treatment of asthma in young children, and it reduces
the size of the adenoids in children who do not have
SCA [55–58]. However, we do not yet know whether
montelukast would reduce adenoid size and improve
processing speed in young children with SCA.
The SMILES trial aims to recruit 200 paediatric

patients with SCA and SDB aged 3–7.99 years to assess
the effect of montelukast on processing speed. Patients
will be randomised to either montelukast or placebo for
12 weeks. Processing speed influences both intelligence
and creativity, and these domains have an impact on
school performance [100]. They often have reduced
academic attainment compared to siblings and peers.
Additional secondary outcomes will assess whether
montelukast reduces adenoidal size and improves white
matter integrity and executive function whilst seeing
associated reduced respiratory and pain symptoms and
improved sleep quality.
Potential challenges for the SMILES trial include

recruiting a sufficient number of children into the study.
The trial is being conducted within the context of the
COVID-19 pandemic. Although vaccinations have
begun, participants may be wary about taking part in re-
search. As noted in our statistical analyses section, we
can still answer important questions about adenoidal
size, even with a reduced sample. Additionally, our re-
search coordinator has kept in regular contact with
many families, and they have indicated that if we begin
the study, they would be willing to participate. Patients
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are also steadily referred to all collaborating centres. The
research team has experience recruiting families (re-
cently recruited 100 preschoolers); therefore, we feel the
numbers proposed will still be achievable. In addition to
recruitment challenges, caregivers may decline to
complete all measures and tests. As such, we will priori-
tise our primary outcomes (i.e. processing speed) for pa-
tients and montelukast adherence monitoring for
caregivers.
Hydroxyurea also improves oxygen saturation and is

recommended for young children with SCA [101].
Families from the UK have expressed some concerns, so
they may be reluctant to start this drug in asymptomatic
young children. However, children with severe SCA may
have been prescribed hydroxyurea, so we will account
for this treatment in analyses. Cooperation in the MRI
scanner may be an issue for younger children. The
research team has experience applying
neurophysiological methods with young children and
will use these skills to adapt to an MRI ‘mock-scanner’
training regime. To maintain blinding, we will use a
placebo and maintain the blind assessment of cognitive,
oximetry, and imaging endpoints as we have done in
previous studies of devices for SDB treatment.
Previous research indicates that interventions targeting

hypoxic exposure may improve processing speed in
young children with SCA [31, 44]. Thus, the SMILES
trial will obtain data to determine if montelukast
improves processing speed in young children with SCA
and SDB. Findings from this study will also increase our
understanding of whether montelukast is an effective
treatment for young children with SCA. More broadly,
data from this study may be utilised within the context
of reducing emergency healthcare utilisation and
improving quality of life for children with SCA.

Trial status
SMILES protocol version 1.6, May 6, 2020. Recruitment
will begin in April 2021 and is expected to be completed
by September 2022.
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