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ABSTRACT

Chromosome 16p11.2 deletion syndrome is a genetic syndrome that includes difficulties in speech,
language, and motor coordination. Arbaclofen, a selective GABA-B receptor agonist, has improved
motor functioning and memory in mouse models. Prior clinical trials of arbaclofen in fragile
X syndrome and autism spectrum disorder suggested benefit for social communication. L16hthouse
(NCT04271332) is a multi-site, double-blind, randomized, placebo-controlled phase 2 trial to evaluate
safety, efficacy, and tolerability of arbaclofen compared in 60 youths with 16p11.2 deletion syndrome (5
to 17:11 years) randomized on a 1:1 ratio. Primary outcomes included speech articulation, measured by
the Goldman Fristoe Test of Articulation 3 (GFTA-3). Secondary outcomes included objective dysarthria
indices, memory, motor control, and cognitive function, assessed with both standardized clinical
measures and novel, computer-based assessments with automated scoring. Exploratory outcomes
included attention, autism traits, and electrophysiological responses. L16hthouse is the first randomized
trial in 16p11.2 deletion syndrome and uses an array of novel outcome measures to assess potential
benefit in this population. In addition to providing potential insights about the safety, efficacy, and
tolerability of arbaclofen, L16hthouse will provide an initial assessment of how these developmental
outcome measures perform in a clinical trial across a broad age range.

Clinical trial registration number: NCT04271332; 2020-02-13.
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PLAIN LANGUAGE SUMMARY

The methods are described for a multi-site, double-blind, randomized controlled Phase 2 trial to
evaluate the safety, efficacy, and tolerability of arbaclofen for youth with 16p11.2 deletion syndrome.
The primary outcome measure was speech articulation, a key difficulty for youth with 16p11.2 deletion
syndrome. The outcomes of this trial, combined with the parallel Canadian ARBA and European AIMS-
CT-01 trials, will contribute to the evidence base of arbaclofen as a treatment for neurological and
psychiatric conditions.

1. Background & rationale
9 with 16p11.2 deletion syndrome, common areas of difficulty

Deletions of a~ 600 kilobase region between breakpoints 4
and 5 (BP4-BP5) on chromosome 16p11.2 are among the most
frequently identified genetic abnormalities associated with
autism, occurring in about 1% of individuals with a diagnosis
of autism and about 0.6% of individuals with intellectual dis-
ability [1-4]. Approximately 3 in 10,000 people have been
identified to have 16p11.2 deletion syndrome, with 60-76%
of those cases being de novo mutations [5]. Among individuals

include speech, language, memory, and motor coordination
[1], with speech apraxia reported in a large majority of chil-
dren [6]. In addition, it is estimated that approximately 22% of
individuals with the deletion meet criteria for autism, 29%
meet criteria for attention deficit hyperactivity disorder
(ADHD), and about 30% meet criteria for intellectual disability
[7]. There are no approved medication treatments for 16p11.2
deletion syndrome at this time.
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o Deletions of a~600 kilobase region between breakpoints 4 and 5
(BP4-BP5) on chromosome 16p11.2 are among the most frequently
identified genetic abnormalities associated with autism and intellec-
tual disability.

e It is also estimated that ~3 in 10,000 people have been identified to
have 16p11.2 deletion syndrome, with 60-76% of those cases being
de novo mutations.

e The primary objectives of this study (the L16hthouse study) were to
examine the safety, tolerability, and efficacy of arbaclofen among
youth with 16p11.2 deletion with the primary outcomes for the trial
being speech articulation. Secondary outcomes included memory,
motor control, and cognitive function.

e To the authors’ knowledge, this study represents the first-time
speech articulation has been a primary endpoint in a precision med-
icine trial for a genetically defined neurodevelopmental condition.

e The current study has the potential to expand our understanding of
the wider impacts of arbaclofen, to inform future research and
therapeutic approaches, as well as to strengthen our understanding
of how to measure potential treatment effects in RCTs in 16p11.2
deletion syndrome and other neurodevelopmental conditions.

e The L16hthouse study also represents a valuable model for designing
RCTs using a collaborative, family-centered study design.

Early research in mouse models suggested that increased
metabotropic glutamate receptor subtype 5 (mGIuR5) signal-
ing may contribute to the pathophysiology of 16p11.2 dele-
tion [8]. As agonists of presynaptic gamma-aminobutyric acid
(GABA-B) reduce mGIuR activation and glutamate release,
investigators tested whether mouse models of the syndrome
might show benefit with the GABA-B receptor agonist, arba-
clofen [9]. In findings replicated across multiple laboratories,
these studies observed that arbaclofen rescued novel object
recognition in two mouse models of the syndrome, as well as
rescued the sequencing of motor behavior in an open field in
one model [10]. Thus, arbaclofen appeared to show promise
across 2 key symptom domains: memory and motor
performance.

2. Previous arbaclofen trials

Arbaclofen is the active enantiomer of racemic baclofen,
which is approved by the United States Food and Drug
Administration (FDA) for the treatment of spasticity [9,11,12].
Arbaclofen has been investigated in clinical trials aimed at
treating neurological and psychiatric conditions, including fra-
gile X syndrome (FXS), autism spectrum disorder (ASD), multi-
ple sclerosis (MS), gastroesophageal reflux disease (GERD),
trigeminal neuralgia, and spasticity from spinal cord injury
[13-21].

In a Phase 2 trial (2008-2010), arbaclofen was tested in
a randomized, double-blind, placebo-controlled crossover
study with individuals with FXS. The results showed improve-
ments in social avoidance, measured using the Aberrant
Behavior Checklist (ABC) [22] and the Vineland Adaptive
Behavior Scale, Second Edition [23], as well as in challenging
behaviors, measured using the visual analog scale problem
behavior ratings [24]. Although subsequent Phase 3 studies
did not achieve statistical significance on the primary clinical
outcome assessment (ABCgx-SA), clinically meaningful

improvement were reported by caregivers and physicians in
approximately half of the study subjects treated with arbaclo-
fen in these trials [25]. A clear dose response was documented
for subjects aged 5-11years on behavioral and global out-
come assessments [13]. The magnitude of improvement at the
highest dose exceeded the clinically meaningful threshold for
all three ABCgx endpoints (ABCgx-SA p =0.09. ABCgy-L/SW p =
0.32, and ABCgx-l p=0.03) where this threshold has been
defined [26]. Furthermore, the highest doses were sufficiently
well tolerated that it was considered safe to increase the
maximum dosages for participants in this study by 33-50%.

Arbaclofen has also been assessed in three randomized,
controlled trials (RCTs) in autism. A comparison of measures
is presented in Supplementary Table S1. Phase 2 studies have
been conducted by Seaside Therapeutics across 25 sites in the
United States (NCT01288716, 2011-2012) [20], by the Autism
Innovative Medicine Studies-2-Trials consortium (AIMS-
2-Trials) in 7 sites across Europe (trial AIMS-CT-01,
NCT03682978, 2019-2023) [18], and by the Province of
Ontario Neurodevelopmental Network (POND) across 4 sites
in Canada (trial ARBA, NCT03887676, 2019-2022). Veenstra-
VanderWeele and colleagues reported modest improvements
on the clinician-rated Clinical Global Impression of Severity
and in a post-hoc analysis of social functioning on the
Vineland Adaptive Behavior Scales [20]. In a sample of 122
autistic 5- to 17-year-olds, the AIMS-2-TRIALS-CT1 study found
good adherence to protocol, and favorable safety. While they
did not find significant differences on the primary or key
secondary outcome measures, they did find significant
improvements in the arbaclofen group compared to the con-
trol group in autism traits (measured using the AIM, the ABC,
and the SRS-2) and quality of life. The authors also noted that
their results were impacted by sample size and the interrup-
tion of data collection during COVID, and therefore should be
considered in the larger context of research on arbaclofen [27].
ARBA and AIMS-CT-01 pre-registered a combined analysis,
with the potential to address the sample size issue.
Additional research has shown that single doses of arbaclofen
may modulate EEG biomarkers of sensory processing, such as
visual contrast perception and auditory habituation, in indivi-
duals with ASD [28,29]. In sum, recent research offers promis-
ing benefits for arbaclofen in youth with neurodevelopmental
disorders.

The clinical trials of arbaclofen to date suggest that it is
generally safe and well-tolerated and may have the potential
to improve social and behavioral difficulties [16,20,24].
However, the overall clinical efficacy of arbaclofen remains
unproven. The combination of promising findings in the
mouse model and the well-defined safety and tolerability
profile motivated a phase 2 RCT of arbaclofen in 16p11.2
deletion syndrome. The current trial was designed to largely
overlap with existing trials to allow for comparisons between
studies. Similar age ranges (5 to 11:11year olds and 12 to
17:11 year olds) and dosing schedules were used (see section
2.2 Interventions), as were many screening and outcome mea-
sures (see section 2.4). While there were many similar assess-
ments, primary and secondary outcome measures were
identified in response to caregivers’ primary concerns and
characteristics of 16p11.2 deletion syndrome. For example,



the primary outcome of the current trial was speech motor
difficulties (see below), rather than social skills, given caregiver
focus on remediating speech challenges in this population.
Similarly, the Differential Abilities Scale, Second Edition (DAS-
I) was used in place of the Wechsler Scales as the current trial
included a wider range of cognitive and verbal functioning.
Other exploratory measures were added, as described below,
that similarly captured salient concerns for youth with 16p11.2
deletion syndrome.

2.1. Objectives of the current study

The primary objectives of the L16hthouse study were to exam-
ine the safety, tolerability, and efficacy of arbaclofen among
youth with 16p11.2 deletion. Speech motor difficulties were
chosen as the primary objective because they are nearly uni-
versal among those with 16p11.2 deletion syndrome and
families identify these difficulties as the primary concern. The
primary outcome measure for efficacy was the Goldman
Fristoe Test of Articulation 3 (GFTA-3) [30]. Secondary efficacy
assessments included tests of memory and learning, fine
motor control, body coordination, and cognitive functioning.
Exploratory measures examined the impact of arbaclofen ver-
sus placebo on attention, verbal fluency, autism traits, motor
function, and electrophysiological responses.

3. Methods
3.1. Study setting

The L16hthouse study was a multi-site double-blind, placebo-
controlled Phase 2 trial where participants (up to N =60) were
randomized to arbaclofen or placebo at a 1:1 ratio. The trial
was registered in ClinicalTrials.gov (NCT04271332).

Ethical approval for the trial was obtained from anon-
ymized. Written informed consent was given by the partici-
pant’s parent/caregiver/legally authorized representative (LAR)
and, when applicable, the participant, in line with local laws
and regulations. Assent from the participant was obtained, as
appropriate. An independent Data Monitoring Committee
(DMC) comprised of expert clinicians, and a statistician pro-
vided oversight of the trial conduct and monitored safety,
efficacy, and dose escalations.

3.2. Eligibility criteria

(1) Diagnosis of 16p11.2 (BP4-BP5) deletion, with no addi-
tional known genetic disorders. Diagnosis was con-
firmed via review of medical records that were
provided by families. The deletion could be de novo
or inherited.

(2) Male or female participants 5,0 to 17;11 months of
age, inclusive, at Screening.

(3) Neurodevelopmental disability requiring current edu-
cational or other therapeutic support. Any educa-
tional, behavioral, and/or other therapeutic
interventions must have been continuous during the
2months prior to screening, including stability of
schooling and therapeutic services during the study.

(4)

@)

(8)
9

(10)
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Participants with a history of seizure disorder must
have been seizure-free on a stable antiepileptic ther-
apy regimen for 6 months (if receiving anti-epileptic
drugs [AEDs]) or must have been seizure-free for 3
years if not currently receiving AEDs. Individuals taking
the anti-seizure medications vigabatrin and tiagabine,
and many anxiolytics that also act as anti-seizure med-
ications (see criteria 7) were excluded. If currently
taking AEDs that are typically monitored by serum
concentration (e.g. valproic acid, carbamazepine, or
phenytoin), serum AED concentrations must be tested
and confirmed to be within the therapeutic range at
screening. Dosage of AEDs may be adjusted, and
serum levels rechecked. If serum levels are confirmed
to be within the therapeutic range after stable dosing
for 30 days, this criterion may be considered met.

No additional medical, neurologic, or psychiatric con-
dition that might confound performance on assess-
ment measures (e.g. significant impairment in
hearing or vision, severe motor impairment from cere-
bral palsy, birth injury, or other injury, or cleft lip or
palate), might interfere with the conduct of the study
or interpretation of study results or endanger the
participant’s well-being (e.g. substance use disorder,
impairment of renal function, evidence or history of
malignancy or any significant hematological, endo-
crine, cardiovascular, respiratory, hepatic, or gastroin-
testinal disease).

All medication regimens and dietary interventions
must be stable for 30 days prior to screening and no
new pharmacologic or non-pharmacologic interven-
tions will be introduced during the study.
Participants have not been treated with racemic baclo-
fen or any investigational drug within 30 days prior to
screening and are not currently treated with antipsy-
chotic medications, more than 2 psychoactive medica-
tions (not including sleep aids that are used as
needed), anxiolytic medications (e.g. buspirone, beta-
blockers, benzodiazepines), vigabatrin, tiagabine, or
riluzole.

No known hypersensitivity to racemic baclofen.

Prior to the conduct of any study-specific procedures,
the participant must provide assent to participate in
the study (if developmentally appropriate), and the
parent/caregiver/LAR must provide written informed
consent.

The participant’s parent/caregiver/LAR must be able to
speak and understand English sufficiently to under-
stand the nature of the study and to allow for the
completion of all study assessments. The parent/care-
giver/LAR should be capable of providing reliable
information about the participant’s condition, agree
to oversee the administration of the study drug, and
accompany the participant to all clinic visits. The same
parent/caregiver/LAR should accompany the partici-
pant to each visit.

Negative pregnancy test for females =9 years of age
and, if sexually active, agreement to consistently use
an accepted form of contraception.
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3.3. Interventions

A study schematic is depicted in Figure 1. All participants
attended a Screening Visit to determine eligibility. Eligible
participants completed Visit 1 within 30 days of screening to
collect baseline assessments and were randomized into either
the arbaclofen or placebo, stratified by age group (5 to 11:11-
year-olds or 12 to 17-year-olds). Arbaclofen and placebo were
formulated as orally-disintegrating tablets of essentially iden-
tical shape, mass, color, smell, taste, and packaged in blister
strips. Following Visit 1, medication titration to establish dos-
ing lasted up to 35 days. On day 36 (+/- 3 days), participants
attended Visit 2. Participants then maintained stable dosing
for 77 days, followed by Visit 3 (day 113 +/- 3 days). Medication
withdrawal occurred for 21 days and was followed by Visit 4
(day 134 +/-3days). Thus, the double-blind portion of the
study lasted between 164 and 193 days. Participants who
completed the double-blind portion of the trial, adequately
followed the protocol, and did not have medical contraindica-
tions were eligible to enroll in an Open-Label Extension.
Participants, caregivers, and all study staff were blinded,
except for a pharmacist at each site.

The dosing schedule was consistent with the European
and Canadian autism trials [18]. All participants were titrated
up, depending on tolerability. For 5 to 11-year-olds, partici-
pants began at a dose of 5mg one time per day, and the
maximum allowed dose was 15 mg three times per day. For
12 to 17-year-olds, the starting regimen was 5mg twice
per day, with the maximum-allowed dose at 20 mg three
times per day. If a dose increase was not tolerated, the
clinician would titrate the participant down to the previous
dose and would not increase it again. At each visit, leftover
pills were accounted for, and new pill packages were
administered.

3.4. Outcomes

The schedule of assessments is presented in Table 1.

Screening

3.4.1. Eligibility measures

Following informed consent/assent, inclusion/exclusion cri-
teria were reviewed, and medical, surgical, diagnostic, and
treatment history (behavioral and pharmacological) were
assessed via interview with the caregiver. Caregivers were
also asked about changes in each domain at the start of
subsequent visits.

3.4.2. Characterization measures

At screening, participants’ autism traits were assessed using
the Autism Diagnostic Observation Schedule, Second Edition
(ADOS-2) [31], the Social Communication Questionnaire (SCQ)
[32], and the Diagnostic and Statistical Manual, 5th Edition
checklist [33].

3.4.3. Primary measures
3.4.3.1. Safety. Adverse Events were medical occurrences
during the course of the study that were reported to the
principal investigator (Pl) by the parents and/or participants
during phone call monitoring, face-to-face visits, medical
examination, or laboratory testing. The nature of the event,
onset, duration, and severity were recorded, and the Pls used
standard definitions to determine the severity of the event
(serious versus not serious, mild, moderate, severe) and rela-
tion to the drug (definitely related, probably related, possibly
related, unlikely to be related, or not related). Clinically sig-
nificant adverse events were accompanied by clinical symp-
toms, led to a change in study drug usage, and required
a change in concomitant therapy. Per International Council
for Harmonization (ICH) criteria, serious adverse events were
those that result in death, were life-threatening, and/or
resulted in inpatient hospitalization/prolonged hospitalization
[34]. Adverse events were coded using the Medical Dictionary
for Regulatory Activities (MedDRA) and summarized by system
organ class and preferred term [34].

Safety of the medication was also tracked through physical
examinations and blood tests. Full physical examinations con-
ducted at Screening and Visit 3 included assessment of

| Fol low-up

Withdrawal

ARBACLOFEN
4 Max Dose = 20 mg tid
A Age =12 - 17 years
Starding Dose = 5 mq bid PLACEBO | ™M
__Eﬁgi_tzilipi__ ] 35 days up-tiration, 77 days maintenance treatment0TO) | | | -
Assessments fo] ARBACLOFEN Open
E Max Dose = 15 mg tid Label
Age =5 - 11 years Study
Starting Dose = 5 mg od PLACEBO
- UpfO 30d" 16 weeks (]leoyS) "2|dOYS" Upto30days
I I 1 1 I I I I 1 1 1 Il I 1 1 1 1 1 1 | l l i | | 1 l
| B B B P R 5 L L | B e s’ s B B W L L . B
-30 1 36 80 113 134 164 days

Duration of Subject Participation = up to 193 days (< 28 weeks)

Figure 1. Dosing titration schedule, stratified by age.



Table 1. Study measures at each time point.
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Eligibility

Treatment period Closeout

Screening

) V3 V4
% (Day 36) (Day 113) (Day 134)

Eligibility

Informed consent & assent
Inclusion/exclusion criteria

Medical/Surgical History

Intervention History

Concomitant medications*

Characterization

Autism characterization (DSM-5, SCQ, ADOS-2)
Outcomes: Primary

GFTA-3, speech battery

Outcomes: Secondary

BOT-2

DAS-II X
WRAML-2

Outcomes: Exploratory

Motor testing with video recording

CKAT

EEG

Conners’ CPT-2

D-KEFS

AlIM X
RBS-R X
Motor speech testing with audio recording
Safety

Adverse Events*

Risk assessment/Suicidality

Physical examination

Hematology

Urinalysis

Adherence

Dose Monitoring Form*

X X X X X

>

> X X X

X< X X X
X< X X X
X X X X
X< X X X

X< X X

> X X X X X
> X X X X X X X

XX X X X X X X
> X X<

X X X X X
X X X X X

X X X X

Abbreviations: DSM-5 = Diagnostic and Statistical Manual 5th Edition; SCQ = Social Communication Questionnaire; ADOS-2 = Autism Diagnostic
Observation Schedule 2nd Edition; AIM = Autism Impact Measure; RBS-R = Repetitive Behavior Scale—Revised; DAS-II = Differential Ability Scale
2nd Edition; GFTA = Goldman Fristoe Test of Articulation 3rd Edition; BOT-2 = Bruininks-Oseretsky Test 2nd Edition; CPT-2 = Conners’ Continuous
Performance Test; D-KEFS = Delis Kaplan Executive Function System; WRAML-2 = Wide Range. *Also monitored during phone calls.

cardiovascular, respiratory, gastrointestinal, and neurological
systems, height and weight tracking, and Tanner Stage pub-
ertal development review. Brief physical examinations con-
ducted at Visit 1, Visit 2, and Visit 4 included abdominal
palpitations to assess for liver enlargement, assessments of
tone and posture, including orofacial tone, head control, and
difficulty with other motor actions [35]. Vital signs, including
temperature, heart rate, respiratory rate, and blood pressure
were also assessed. Urine tests were conducted to screen for
drug usage and, as appropriate, pregnancy. Suicidal ideation
was assessed by a physician or clinical psychologist using
a semi-structured interview with the parent and/or participant,
as appropriate.

3.4.3.2. Speech articulation. While only a minority of per-
sons with the 16p11.2 deletion have autism diagnoses, the vast
majority have speech articulatory difficulties motivating the
decision to focus on articulation as the primary endpoint [6].
The Goldman Fristoe Test of Articulation, 3 Edition (GFTA-3)
[30] Sound in Words and Sounds in Sentences are standardized
tests of articulation of single words and words in connected
speech, respectively, for ages 2 years 0 months to 21 years 11
months. Standard Scores are produced with a mean of 100 and
a standard deviation of 15. Intelligibility during connected
speech is also rated on a 4-point Likert scale for each sentence.
The total of all sentence ratings is calculated, as is the overall

intelligibility rating percentage. It was administered by a trained
speech-language pathologist using the software platform by
Redenlab Inc. at Visit 1 and Visit 3. The GFTA-3 and exploratory
motor speech recordings (2.4.5.5 below) were made using
a high-quality uni-directional cardiod microphone (xss) coupled
with an external sound card (Roland Rubix 24) (Roland, Japan)
sampled at 44.1 Hz and 16 bit quantization. As the GFTA-3 has
not been used as an outcome measure in other clinical trials, its
use is somewhat exploratory.

3.4.4. Secondary measures

3.4.4.1. Memory. The Wide Range Assessment of Memory
and Learning, 2nd Edition (WRAML-2) [36] is a test of learning
and memory for 5 to 90-year-olds. The 6 core subtests, 2 of the
delay recall subtests, and 4 of the recognition subtests were
administered. Together, the core subtests yield the Verbal
Memory, Visual Memory, and Attention/Concentration indices
that comprise the General Memory Index. Additionally, Verbal
Recognition, Visual Recognition, and General Recognition
Index Scores were calculated. As an experimental protocol,
the Story Memory Delay Recognition and Picture Memory
Delay Recognition subtests were re-administered following
a 24-hour delay. Index scores are standard scores with
a mean of 100 and a standard deviation of 15. The WRAML-2
was administered by a clinical psychologist during the Visit 1
and Visit 3.
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3.4.4.2. Motor. The Bruininks-Oseretesky Test of Motor
Proficiency, 2" Edition (BOT-2) [37] is a measure of fine and
gross motor abilities for 4 through 21-year-olds. The Fine
Motor Precision and Balance subtests were administered. The
Fine Motor Precision subtests require participants to complete
activities that require precise finger and hand control (e.g.
drawing, folding, cutting). The Balance subtests assess motor-
control skills necessary for maintaining posture while standing,
walking, or reaching.

3.4.4.3. Cognition. The Differential Ability Scales, 2nd
Edition (DAS-Il) [38], is an intelligence quotient (IQ) assess-
ment for 2years, 6 months through 17 years, 11 months.
There are two overlapping age levels available, and both
were implemented in this study: The Early Years battery is
normed for children aged 2years 6 months to 8years 11
months, and the School Age battery is normed for children
aged 7years 0 months to 17years 11 months. The DAS-II

yields a Verbal Standard Score, Nonverbal Reasoning
Standard Score, Spatial Standard Score, and General
Conceptual Ability Standard Score, all of which have

a mean of 100 with a standard deviation of 15. The DAS-II
was administered by a clinical psychologist during the
Screening Visit and Visit 3.

3.4.5. Exploratory measures

3.4.5.1. Electroencephalogram (EEG). Two sites (Seattle
and Boston) provided EEG data collection using the EGI 128-
channel system. EEG equipment description is in
Supplemental Materials. In total, five EEG tasks were com-
pleted: The Autism Biomarkers Consortium for Clinical Trials
(ABC-CT) Resting-State experiment consisted of 3 blocks of
1-minute-long videos of screensaver-like images [39]. From
ARBA (NCT03887676), we included the Auditory Steady-State
Response (ASSR) task in which participants were presented
with 100 amplitude-modulated tones with the amplitude
modulations of 10Hz and 40 Hz while participants viewed
a silent video of their choosing (e.g. My Little Pony,
Pokémon). The ARBA Auditory Oddball experiment included
the presentation of standard tones (1000Hz) and deviant
tones (2000 Hz) while participants watched a silent video.
The AIMS-2-Trials (NCT03682978) Dynamic Social/Nonsocial
Attention [18] paradigm consisted of the presentation of con-
tinuous videos with social (vignettes of women telling or sing-
ing nursery rhymes) and nonsocial (dynamic toys, such as
a ball dropping down a chute) content (2 blocks of each).
The ABC-CT Visual Evoked Potential paradigm [39] consisted
of reversing black-and-white checkerboards. See additional
information about EEG data collection in Supplementary
Materials.

3.4.5.2. Attention. Conners’ Continuous Performance Test
(CPT) Kiddie CPT, 2" Edition (Conners, 2015) [40], was admi-
nistered to 5- to 7-year-olds, and the Conners’ CPT, 3™ Edition
(Conners, 2014) [41], was administered to participants 8 years
and older. The CPT is a computerized, performance-based
assessment of inattentiveness, impulsivity, sustained attention,
and vigilance. Participants respond by pressing buttons in

response to visual stimuli shown sequentially on a computer
screen.

3.4.5.3. Autism traits. The Autism Impact Measure (AIM)
[42] is a 41-item parent-report questionnaire designed to
assess the severity and impact of autism traits on individuals
across various domains, including social communication,
behavioral symptoms, functioning, and family and community
impact. Items are rated on 5-point Likert scales to measure
frequency and impact.

The Repetitive Behavior Scale - Revised (RBS-R) [43] is a 43-
item, parent-report questionnaire designed to assess the fre-
quency and severity of repetitive and restricted behaviors in
autistic individuals. Parents rate their child’s behaviors on
a 4-point Likert scale to yield T-scores for subdomains sensor-
imotor behaviors, restricted interests, self-injurious behaviors,
compulsive behaviors, a need for sameness, and for total
restricted, repetitive behaviors.

3.4.5.4. Motor. The Computer Vision Assessment of Motor
Function [44] includes four tasks to assess developmental
domains that are typically impacted in individuals with
16p11.2 deletion syndrome: social communication skills,
gross motor skills, and oral motor functioning. The tasks
employ a 5-minute face-to-face conversation to assess social
communication, a test of imitation of gross motor movements,
a gait test for walking coordination, and an evaluation of oral
motor functioning during the GFTA-3. The participants were
video recorded during each task, and the Center for Autism
Research at the Children’s Hospital of Philadelphia used
machine learning to assess for subtle shifts in behavior.

Children’s Kinematic Assessment Test (CKAT) [45] is a 12-to
-15-minute tablet-based assessment for evaluating fine motor
skills and visual-motor integration. Participants draw, trace,
and connect dots on the tablet using an electronic stylus to
yield scores related to speed and accuracy.

3.4.5.5. Motor speech testing with audio recording. The
neurodevelopmental speech acoustic battery included five
tasks to assess motor speech function: an automated task
(days of the week), a voice quality and maximum phonation
task (sustained vowel), fine motor timing (diadochokinesis —
papapa, pataka), a picture description task and the children’s
test of non-word repetition (CNRep).Speech tasks were
recorded as noted earlier [46].

3.5. Participant timeline

The project was primed for launch in early 2020 but was
delayed because of the COVID-19 pandemic, with participant
enrollment beginning in September 2022. The last participant
enrolled in March 2024, and completion of all participant
study activities occurred in February 2025.

3.6. Sample size

The planned sample size was N=60 (n=30 per treatment
arm). The study was designed to provide preliminary assess-
ments of safety, tolerability, and efficacy, so while statistically



underpowered, the proposed sample size is appropriate for
a pilot/exploratory study and will provide useful information
about feasibility and appropriateness of outcome measures
[47-49].

3.7. Recruitment

Recruitment was restricted to North America and primarily
conducted through anonymized Searchlight (https://www.
simonssearchlight.org/), family meetings, and family
Facebook groups. Data collection occurred anonymized

3.8. Statistical analysis

Analyses will be performed both with an Intent to Treat (ITT)
and as Per Protocol (PP) approach. ITT analyses include all
randomized participants who were administered at least 1
dose and have post-Visit 1 efficacy data. To be included in
the PP sample, participants will fulfill ITT criteria and take at
least 75% of the prescribed medication.

3.8.1. Safety

Safety summaries during the active double-blind experiment
will be descriptive and include the number and percentage of
participants experiencing adverse events, mean changes from
baseline in health metrics as assessed during the physical
examination, and the number and percentage of participants
with clinically significant abnormal vital signs (i.e. temperature,
heart rate, respiratory rate, and blood pressure) at each visit.

3.8.2. Efficacy

Efficacy will be analyzed by a difference between treatment
arms at Visit 3 using Analysis of Covariance (ANCOVA), with
Visit 3 score used as the dependent variable, treatment group
as a factor, and baseline score as a covariate. Alternative ana-
lyses will include logistic regression and Chi-Square techniques,
as appropriate for variable type. Hypothesis testing will be
performed at the 5% level of significance for two-sided tests.

4. Methods: assignment of interventions
4.1. Sequence generation

The Interactive Web Response System (IWRS) was used for
allocating and maintaining treatment masking of group
assignment.

4.2. Allocation concealment mechanism

The investigators, study site staff, clinical research organization
staff, and Medical Monitor did not have access to the treat-
ment assignment, as the IWRS was responsible for group
allocation.

4.3. Implementation

This was a double-blind, placebo-controlled (1:1 randomiza-
tion), parallel group trial.
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4.4. Masking

Unmasking of treatment allocation was allowed in case of
emergency but was considered a protocol violation. Site inves-
tigators were to consult with the Medical Monitor prior to
unmasking, unless a delay would jeopardize the safety and
well-being of the participant. Medical monitors were to be
informed of unmasking, but the participant’s group assign-
ment was not to be communicated to anyone unless neces-
sary for ensuring safety and proper treatment. If unmasking
occurred, the study drug would be discontinued and partici-
pation by that participant would end.

5. Methods: data collection, management, and
analysis

5.1. Data collection methods

Site investigators were responsible for data collection, includ-
ing the accuracy, completeness, and timeliness of the data.
Site investigators were responsible for collecting and record-
ing study data on source documents in a way that was accu-
rate, clear, unambiguous, permanent, and capable of being
audited. For example, ink was used, correction fluids or tem-
porary attachments were forbidden, and photocopies/print-
outs of eCRFs were inadmissible. All sites were trained in
October 2019 and were supported with ongoing training
throughout the trial.

5.2. Data management

Source documents were kept in a secure, limited access area.
Computer generated source documents were printed, signed,
and dated by the investigator to become a permanent part of
the subject’s source documents.

Clinical report forms (CRFs) were entered in a database that
conforms to FDA requirements for electronic data capture.
Database electronic-CRFs were completed as soon as possible
following the completion of a study visit, no more than 3
working days after the corresponding visit. Cross-check pro-
grams were used to ensure the completeness of electronic
records. Error messages were generated to allow for the mod-
ification or verification of entered data. Queries were sent to
the investigational site using an electronic data query system
that included an automated audit trail of the corrections. The
Sponsor contracted with a Clinical Research Organization
(CRO) to monitor to review the source documents and elec-
tronic capture for completeness and accuracy; electronic-
queries were generated to address inconsistencies, incomplete
responses, or errors. The Principal Investigator certified data
completeness and accuracy.

5.3. Methods

Demographic, baseline, medical history (coded using MedDRA
terminology), concomitant medications (summarized by WHO
Drug Dictionary class 4 names), safety, and efficacy data will
be summarized and presented by treatment group and time
point in summary tables. The diagnoses of speech disorders,
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based on the GFTA-3 and oral-motor assessment conducted
by the speech-language pathologist as part of the study and
classified according to the Mayo Clinic dysarthria categoriza-
tion (Articulation disorder, Phonological disorder, Stuttering,
Dysarthria, Childhood Apraxia of Speech), will also be sum-
marized descriptively (using frequencies and percentages) for
the 2 treatment groups.

All statistical comparisons will be carried out as 2-sided
tests. All efficacy analyses will be based on the intent to treat
(ITT) population. The primary efficacy variable will also be
analyzed in the PP population. Differences in primary and
secondary efficacy variables from baseline to the end of
16 weeks of double-blind treatment in the arbaclofen group
and placebo group will be assessed using Analysis of
Covariance (ANCOVA) techniques for continuous variables
and Chi-Square techniques for categorical variables, as
appropriate. There will be no p-value adjustment for multiple
comparisons in this Phase 2 exploratory study. Differences
between the arbaclofen and placebo groups with respect to
the change from baseline (last measurement prior to rando-
mization) to the other study time points (e.g. Visit 2) will be
summarized. The following information about treatment
emergent AEs will be summarized: number and percentage
of subjects, intensity, relationship to study drug, seriousness,
and those that resulted in discontinuation of the study.
Clinical laboratory variables, vital signs, physical examination
findings, and suicidality assessments will be presented as
change from baseline to each scheduled assessment, sum-
marized by group. No imputation will be done for missing
data in safety variables. A sensitivity analysis will be per-
formed using multiple imputation to impute missing data
for the primary efficacy analysis, but imputation of individual
efficacy results will be implemented. The effects of site and
age will be evaluated.

5.4. Methods: monitoring

5.4.1. Data monitoring

The following steps were taken to ensure the accuracy, con-
sistency, completeness, and reliability of the data by the CRO:
(1) Routine site monitoring; (2) eCRF review against source
documents; (3) Data management quality control checks; (4)
Statistical quality control checks; (5) Continuous data acquisi-
tion and cleaning; (6) Quality control of the final report.

5.4.2. Harms
See Section 2.4.3.1 for description of adverse events.

5.4.3. Auditing

A representative from the sponsor conducted periodic audits
of the clinical sites and study processes. This included auditing
the clinical database, final report, and study data.

6. Ethics and dissemination
6.1. Ethics approval and consent to participate

This study protocol was reviewed and approved by the inter-
nal review boards of Western anonymized written, informed

consent was given by the participant’s parent/caregiver/LAR
and, when applicable, the participant, in line with local laws
and regulations. Assent from the participant was obtained, as
appropriate. An independent Data Monitoring Committee
(DMC) comprised of expert clinicians, and a statistician pro-
vided oversight of the trial conduct and monitored safety,
efficacy, and dose escalations. All procedures performed
were in accordance with the ethical standards of the 1964
Helsinki declaration and its later amendments or comparable
ethical standards.

6.2. Dissemination policy

The policy and plan for data analysis and publications for the
current study are derived from policies and practices that were
utilized in other multicenter academic studies and are in
accordance with the principles and standards of scientific
research and scholarship within the fields of biomedical
research and scientific journalism. The goals of this policy
are: (1) to provide for the timely, scholarly, and comprehensive
reporting of the data in the scientific literature; (2) to provide
for the assignment of authorship and data analytic opportu-
nities to study investigators in a manner that is equitable and
supports career development; and (3) to ensure that the ana-
lysis and reporting data are consistent with regulatory agency
requirements.

The data analysis and publication strategy will be deter-
mined by the Study Management Group. All study publica-
tions must be submitted for review to the Study Management
Group.

Investigators are required to maintain and retain records
for a period of 2 years following the date a marketing applica-
tion is approved for the study drug for the indication for which
it is being investigated. If no application is being filed, they
must maintain and retain records for up to 2 years after the
investigation is discontinued, and the FDA is notified. Custody
of records may be transferred to the sponsor, who will follow
retention policies.

7. Conclusion

The L16hthouse study was a double-blind randomized pla-
cebo-controlled trial designed to evaluate the safety, efficacy,
and tolerability of arbaclofen in youth (5 to 17 years) with
16p11.2 deletion syndrome. The current study has the poten-
tial to advance the evidence base for a medication hypothe-
sized to improve functioning for individuals with
neurodevelopmental conditions more broadly, as arbaclofen
is being evaluated in other populations, and was designed to
overlap in methods with concurrent RCTs (e.g. POND, AIMS-
2-CT1) to best contribute to the evidence base investigating
the efficacy, safety, and tolerability of arbaclofen [18,20]. To
the authors’ knowledge, it also represents the first-time
speech articulation has been a primary endpoint in
a precision medicine trial for a genetically defined neurodeve-
lopmental condition. In conjunction with those other clinical
trials, positive outcomes related to arbaclofen could have
meaningful implications for future trials on this and other



medications that target excitatory/inhibitory imbalances in
autism.

L16hthouse is a novel and meaningful trial as it extends the
research to a novel population and includes primary outcomes
related to speech-motor difficulties, based upon the philoso-
phy of patient-centered outcome research. In a survey of over
200 families of youth with 16p11.2 deletion syndrome, 60% of
families indicated speech or language use as their primary
concern. Further, 60% of caregivers also reported concerns
related to learning, memory, and cognition, and 30% reported
motor issues. The L16hthouse study was thus designed to
integrate both standardized tasks in these target domains, as
well as novel, objective, performance-based experimental
measures of various facets of motor coordination, to elucidate
other potential benefits of arbaclofen in response to families’
observations/concerns. The current study has the potential to
expand our understanding of the wider impacts of arbaclofen,
to inform future research and therapeutic approaches, as well
as to strengthen our understanding of how to measure poten-
tial treatment effects in RCTs in 16p11.2 deletion syndrome
and other neurodevelopmental conditions. The L16hthouse
study also provides a model for designing RCTs using
a collaborative, family-centered study design.

Ethics approval and consent to participate

This study protocol was reviewed and approved by the internal review
boards of WCG anonymized Written, informed consent was given by the
participant’s parent/caregiver/LAR and, when applicable, the participant,
in line with local laws and regulations. Assent from the participant was
obtained, as appropriate. An independent Data Monitoring Committee
(DMC) comprised of expert clinicians and a statistician provided oversight
of the trial conduct and monitored safety, efficacy, and dose escalations.
All procedures performed were in accordance with the ethical standards
of the 1964 Helsinki declaration and its later amendments or comparable
ethical standards.
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The data will be shared on clinicaltrials.gov.

SPIRIT 2025 guidelines

The Standard Protocol Items: Recommendations for Interventional Trials
standards were followed.
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