
Neurology Publish Ahead of Print

DOI: 10.1212/WNL.0000000000011409

 

 

 

 

 

The STARS Phase 2 Study: A Randomized Controlled Trial of Gaboxadol in Angelman 
Syndrome 

Lynne M. Bird, MD; Cesar Ochoa-Lubinoff, MD; Wen-Hann Tan, BMBS; Gali Heimer, MD, 
PhD; Raun D. Melmed, MD; Amit Rakhit, MD, MBA; Jeannie Visootsak, MD; Matthew J. 
During, MD, PhD; Christina Holcroft, ScD; Rebecca D. Burdine, PhD; Alexander Kolevzon, 
MD; Ronald L. Thibert, DO 

 

The Article Processing Charge was funded by Ovid Therapeutics Inc. 

 

This is an open access article distributed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND), which permits downloading and 
sharing the work provided it is properly cited. The work cannot be changed in any way or used 
commercially without permission from the journal. 

 

Neurology® Published Ahead of Print articles have been peer reviewed and accepted for 

publication. This manuscript will be published in its final form after copyediting, page 

composition, and review of proofs. Errors that could affect the content may be corrected during 

these processes. 

 

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 

 

 Published Ahead of Print on December 21, 2020 as 10.1212/WNL.0000000000011409



 

 

Corresponding Author: 

Alexander Kolevzon 

alexander.kolevzon@mssm.edu 

 

Affiliation Information for All Authors:  

Lynne M. Bird, University of California, San Diego and Rady Childrens Hospital; 3020 
Childrens Way #5031, San Diego, CA 

Cesar Ochoa-Lubinoff, Rush University Medical Center, Division of Developmental-Behavioral 
Pediatrics, 1725 West Harrison Street, Suite 710, Chicago, IL 

Wen-Hann Tan, Boston Childrens Hospital, Division of Genetics and Genomics: Harvard 
Medical School, Boston, MA 

Gali Heimer, Pediatric Neurology Unit, Safra Childrens Hospital, the Sheba Medical Center, 
Ramat Gan, Israel and The Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel 

Raun D. Melmed, Southwest Autism Research and Resource Center, Phoenix, AZ 

Amit Rakhit, Ovid Therapeutics Inc, 1460 Broadway, New York, NY 

Jeannie Visootsak, Neurogene Inc 535 West 24th Street, New York, NY; Matthew J. During, 
Ovid Therapeutics Inc, 1460 Broadway, New York, NY 

Christina Holcroft, Prometrika, LLC, 100 Cambridge Park Drive, Cambridge, MA 

Rebecca D. Burdine, Department of Molecular Biology, Princeton University, Washington Road, 
Princeton, NJ 

Alexander Kolevzon, Seaver Autism Center for Research and Treatment, Department of 
Psychiatry, Icahn School of Medicine at Mount Sinai, 1425 Madison Avenue, New York, NY 

Ronald L. Thibert, Angelman Syndrome Clinic, Department of Neurology, Massachusetts 
General Hospital, 175 Cambridge Street, Boston, MA 

 

 

Number of characters in title: 88 

Abstract Word count: 231 

Word count of main text: 4748 

 

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 

 



References: 35 

Figures: 2 

Tables: 5 

Supplemental data: doi:10.5061/dryad.k98sf7m4f 

Clinical Trial registration number: NCT02996305 

Statistical Analysis performed by: Christina Holcroft, ScD Prometrika, Cambridge, MA 

 

Acknowledgements: We would like to thank the individuals and their families for participating 
in this study. Furthermore, we would like to thank the healthcare personnel and the 
administrative staff at each medical center for their continuous support. Assistance for statistical 
analyses was provided by Shijie Chen, Ovid Therapeutics Inc., New York, NY and additional 
contributions to the manuscript were provided by Judith Jaeger, CognitionMetrics, LLC. 
Editorial support and medical writing assistance were provided by Daniel Famer, PhD, Ovid 
Therapeutics Inc., New York, NY. 

 

Study Funding: Funded by Ovid Therapeutics Inc. 

 

Disclosures: 

L.M. Bird has received research support from Ovid Therapeutics Inc. (Ovid), and consulted for 
Ionis Pharmaceuticals and F. Hoffman LaRoche 

C. Ochoa-Lubinoff and R.D. Burdine have consulted for Ovid 

A. Kolevzon has received research support from AMO Pharma and consulted for Ovid, Acadia, 
and sema4 

W.-H. Tan has received indirect funding for statistical analyses from Ovid; J. Visootsak was an 
employee of Ovid at the time of the clinical trial and during the development of the first draft of 
the manuscript 

A. Kolevzon, R.D. Burdine, and R.L. Thibert were members of the STARS trial steering 
committee.  

 

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 

 



ABSTRACT 

Objective: To evaluate safety and tolerability and exploratory efficacy endpoints for gaboxadol 

(OV101) compared with placebo in individuals with Angelman syndrome (AS). 

Methods: Gaboxadol is a highly selective orthosteric agonist that activates γ-subunit–containing 

extrasynaptic γ-aminobutyric acid type A (GABAA) receptors. In a multicenter, double-blind, 

placebo-controlled, parallel-group trial, adolescent and adult individuals with a molecular 

diagnosis of AS were randomized (1:1:1) to 1 of 3 dosing regimens for a duration of 12 weeks: 

placebo morning dose and gaboxadol 15 mg evening dose (qd); gaboxadol 10 mg morning dose 

and 15 mg evening dose (bid); or placebo morning and evening dose. Safety and tolerability 

were monitored throughout the study. Prespecified exploratory efficacy endpoints included 

adapted Clinical Global Impression–Severity (CGI-S) and Clinical Global Impression–

Improvement (CGI-I) scales which documented the clinical severity at baseline and change after 

treatment, respectively. 

Results: Eighty-eight individuals were randomized. Of 87 individuals (aged 13–45 years) who 

received at least 1 dose of study drug, 78 (90%) completed the study. Most adverse events (AEs) 

were mild to moderate, and no life-threatening AEs were reported. Efficacy of gaboxadol, as 

measured by CGI-I improvement in an exploratory analysis, was observed in gaboxadol qd vs 

placebo (p = 0.0006).  

Conclusion: After 12 weeks of treatment, gaboxadol was found to be generally well tolerated 

with a favorable safety profile. The efficacy as measured by the AS-adapted CGI-I scale 

warrants further studies. 
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Classification of evidence: This study provides Class I evidence that, for individuals with AS, 

gaboxadol is generally safe and well tolerated. 

ClinicalTrials.gov Identifier Number: NCT02996305 
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Introduction 

First described in 1965, Angelman syndrome (AS) is a rare genetic neurodevelopmental 

condition with an estimated prevalence of 1/12,000 to 1/20,000.1 Commonly diagnosed before 

5 years of age, AS is characterized by severe impairments in behavior, motor function, 

communication, and sleep, as well as intellectual disability, seizures, and ataxia.2,3 The molecular 

basis of AS was identified in 1987,4 and the unique ICD-10 code Q93.51 was introduced in 

2018. Because of the lack of therapies that target the underlying pathophysiology, individuals 

with AS have unmet clinical needs and burden.5  

AS is caused primarily by loss of function of the maternally inherited ubiquitin protein ligase 

E3A gene (UBE3A).6,7 The disrupted UBE3A expression causes an increase in the synaptic levels 

of γ-aminobutyric acid (GABA) transporter type 1 (GAT1) and, subsequently, an increased 

reuptake of GABA (figure 1A).7–10 The reduced extrasynaptic GABA levels lead to reduced 

activation of extrasynaptic GABAA receptors and attenuation of tonic inhibition. Loss of tonic 

inhibition plays a critical role in balancing neuronal excitability, which appears to contribute to 

the underlying pathophysiology of AS.11 

Gaboxadol (OV101) is a highly selective orthosteric agonist that activates δ-subunit–containing 

extrasynaptic GABAA receptors (figure 1B).11–14 When administered to mice with disrupted 

UBE3A expression, at dose levels expected to activate only extrasynaptic GABAA receptors, 

gaboxadol has restored deficits in tonic inhibition and ameliorated some of the neurologic 

symptoms seen in the AS mice.11 
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Methods 

Standard protocol approvals, registrations, and patient consents 

This study (ClinicalTrials.gov identifier: NCT02996305) was reviewed and approved by 

institutional review boards/independent ethics committees at each site. Written informed consent 

was obtained from the legally authorized representative of each participating individual prior to 

any study procedures. 

Study design 

The STARS phase 2 study was an international, multicenter, randomized, double-blind, placebo-

controlled, parallel-group, safety and tolerability, 12-week trial of gaboxadol in individuals with 

AS, conducted at 12 sites in the United States and 1 in Israel, between January 24, 2017, and 

June 4, 2018 (supplemental table 1). 

Objectives 

The objectives of this study were to evaluate safety and tolerability of 2 different gaboxadol 

dosing regimens in adult and adolescent individuals with AS receiving 12 weeks of treatment as 

assessed by frequency and severity of adverse events (AEs) vs placebo. Exploratory endpoints 

included assessments of behavior, motor function, and sleep, as well as evaluation of quality of 

life. 

Participants 

Adolescent and adult individuals (≥13 and ≤49 years) with a diagnosis of AS confirmed by 

molecular testing, on stable diets and receiving stable doses of concomitant medications for 

at least 4 weeks prior to the baseline visit, were eligible to participate. Individuals were excluded 

if they were nonambulatory, had poorly controlled seizures, had concomitant cardiovascular, 
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hepatic, or respiratory diseases, or had significant laboratory abnormalities. Concomitant use of 

minocycline, levodopa, zolpidem, zaleplon, eszopiclone, ramelteon, benzodiazepines for sleep, 

cannabinoid derivatives, and any other investigational agent, device, or procedure 4 weeks prior 

to baseline and during the study were prohibited (table 1). 

Randomization, treatment, and titration 

The participants were randomly assigned to 1 of 3 treatment groups (1:1:1): gaboxadol once 

daily (qd), gaboxadol twice daily (bid), or placebo bid. Randomization was made centrally via 

Interactive Web Response System. Investigators, study staff, central readers, and 

caregivers/individuals were blinded to the randomized treatment assignments. Gaboxadol 5 mg 

and placebo were supplied in identical capsules provided in a kit including 2 bottles, each labeled 

for morning or evening administration.  

The gaboxadol qd group received placebo in the morning and 15 mg gaboxadol in the evening. 

The gaboxadol bid group received gaboxadol 10 mg in the morning and 15 mg in the evening. 

The placebo group received placebo in the morning and in the evening. The dose began at 5 mg 

and was titrated in 5-mg increments over 2 weeks; dose escalation occurred after assessment of 

tolerability by the caregiver and Investigator. Individuals were treated for up to 12 weeks at the 

highest tolerated dose (supplemental table 2). 

Outcome measures  

The Clinical Global Impression–Severity (CGI-S) scale was used to document the clinical 

severity of each participant at the baseline visit. The CGI-S was adapted for AS by including 9 

domains that were identified by caregivers and AS clinical experts to capture the clinical 

spectrum of AS ([1] irritability/agitation/crying, [2] lethargy/social withdrawal, [3] stereotypic 
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behavior, [4] hyperactivity, [5] inappropriate laughter/hyperexcitability, [6] gross motor ability, 

[7] fine motor ability, [8] anxiety, and [9] sleep). Based on clinical examinations of the 

individual with AS, interview of the caregiver, and review of all available data, changes (overall 

and in the 9 prespecified clinical domains) were assessed after 12 weeks of treatment using the 

similarly adapted Clinical Global Impression–Improvement (CGI-I) scale with baseline reference 

to CGI-S. The CGI-S and CGI-I scales are well-validated, clinician-rated tools commonly used 

in CNS drug development trials to measure global changes and treatment effects that are 

clinically meaningful.15, 16, 17 The CGI scales may be optimal for assessing severity and change in 

rare and heterogeneous neurodevelopmental disorders for which no validated disease-specific 

symptom scales have been developed, such as AS.18, 19, 20  The CGI-I has been previously used to 

assess efficacy of treatment in AS.15 The steps to ensure reliability and validity of CGI ratings 

included (1) training and certifying study raters based upon consensus ratings of prototypical 

cases, (2) re-training during the course of the trial, and (3) using the same rater-participant pair 

throughout the trial (a protocol deviation would be noted if rule 3 was violated). Safety, 

behavior, and mobility assessments were administered at baseline, Week 6, and Week 12.  

Endpoints 

The safety and tolerability of gaboxadol were examined by AE reporting along with monitoring 

of chemistry and hematology laboratory values, vital signs, physical examination, EEG, and 

concomitant medication use. 

Exploratory endpoints 

Prespecified exploratory efficacy endpoints were based on the adapted CGI-I (overall and for the 

9 clinical domains: [1] irritability/agitation/crying, [2] lethargy/social withdrawal, [3] stereotypic 
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behavior, [4] hyperactivity, [5] inappropriate laughter/hyperexcitability, [6] gross motor ability, 

[7] fine motor ability, [8] anxiety, and [9] sleep), with responders defined as having a CGI-I 

score of 3 or less overall or in any of the 9 clinical domains with 3 = minimally improved, 2 = 

much improved, or 1 = very much improved. Additional exploratory endpoints were change in 

the Aberrant Behavior Checklist–Community (ABC-C), which was developed for the 

developmentally disabled population and has been used in the AS population previously; change 

in Anxiety, Depression, and Mood Scales (ADAMS) total score; Sleep Pattern e-Diary; and 

change in the modified Performance Oriented Mobility Assessment–Gait (mPOMA-G).  

Exploratory efficacy endpoints for global functioning and quality of life were based on the 

Parent Global Impression (PGI), European Quality of Life Five Dimension Five Level (EQ-5D-

5L), 36-Item Short-Form Health Survey (SF-36), and CGI-S. Exploratory endpoints for motor 

function were based on the Pediatric Evaluation of Disability Inventory–Computer Adaptive Test 

(PEDI-CAT; Daily Activities and Mobility), Childhood Health Assessment Questionnaire 

(CHAQ), and Zeno™ Walkway, and Bayley Scale of Infant and Toddler Development, 3rd  

Edition, Motor scales (BSID-III). Exploratory endpoints for sleep were based on actigraphy data. 

Actigraphy watches were provided to the caregivers and worn by the participating individuals to 

collect day and evening sleep-related outcomes (supplemental table 3). 
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Classification of evidence 

The primary research question was to examine the safety and tolerability of gaboxadol in 

individuals with AS. This study provides Class I evidence that, for individuals with AS, 

gaboxadol is generally safe and well tolerated. 

Statistical analysis 

Sample size calculations were based on the objective of estimating AE rates within each active 

treatment group. The minimal sample size of 25 individuals per group provided the required 

precision for incidence estimation of common AEs using 2-sided 95% CI. For example, a 2-sided 

95% CI for a true incidence of 25% will estimate that incidence with a 17% precision (half width 

of the 95% CI). The intention-to-treat population consisted of all individuals randomized to 

treatment. Safety analyses were performed on the Safety Set, defined as individuals who 

received at least 1 dose of study drug. Efficacy analyses were performed on the Full Analysis 

Set, defined as those individuals who received at least 1 dose of study drug and had at least 1 

efficacy evaluation after receiving study drug. The Per Protocol Set is a subset of the Full 

Analysis Set and included all individuals who completed the Week 12 visit and had no major 

protocol deviations that were deemed to affect efficacy. 

AEs were coded using the Medical Dictionary for Regulatory Activities (MedDRA v19.1). 

Incidences of AEs and their 95% CIs were determined for each treatment group and summarized 

by MedDRA system organ class and preferred term. The number and percentage of individuals 

experiencing serious AEs, treatment-related AEs, and AEs leading to treatment discontinuation 

were also summarized for each treatment group.  
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Descriptive statistics (not including 95% CI) were calculated for laboratory values and vital signs 

by treatment group. Concomitant medication use was summarized. Descriptive statistics for 

observed value and change from baseline at each visit (if applicable), were reported for efficacy 

variables at each time point (Week 6 and Week 12) for the combined gaboxadol group 

(qd and bid) and placebo group. For the inferential analyses of key efficacy endpoints, type I 

error was controlled at the 0.05 significance level with a multiple-comparisons adjustment 

procedure (gated sequential testing). The prespecified testing hierarchy consisted of the 

following endpoints, tested in the order shown: (1) responder variable based on CGI-I overall 

and 9 specified domains, (2) composite responder variable for behavior based on the ADAMS 

and ABC-C questionnaires, (3) frequency of night awakenings derived from the sleep diary, (4) 

duration of night awakenings derived from the sleep diary, and (5) responder variable based on 

gross motor function assessed by mPOMA-G.  

If the comparison of the combined gaboxadol group vs placebo was statistically significant for a 

specific endpoint (significance level, p ≤ 0.05), the result was followed up by statistical testing 

for each gaboxadol dose group vs placebo for that endpoint. Testing of the specific dose groups 

was prespecified if the comparison of the combined gaboxadol group vs placebo for an endpoint 

was statistically significant, and this testing was not included in the hierarchical gated sequential 

testing procedure. If the treatment difference for an endpoint was statistically significant, the 

components of the endpoint were tested. p Values are presented for supporting CGI-I tests, but 

only comparisons compliant with the prespecified hierarchical gated sequential testing procedure 

are reported as statistically significant. All other endpoint analyses were exploratory, and p 

values are considered descriptive only. 
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The identified responder endpoints indicating improvement at Week 12 were compared between 

the combined gaboxadol group and placebo using a Fisher’s exact test. If the Week 12 endpoint 

was not available, the Week 6 endpoint was used as a method of imputation. For continuous 

endpoints with both Week 6 and Week 12 measurements (CGI-S, ADAMS, ABC-C [total and 

Irritability domain], actigraphy, sleep diary, and CHAQ), a Mixed Model Repeated Measures 

(MMRM) analysis was used, and the response variable was “change from baseline,” with 

baseline as a covariate and fixed effects for visit, treatment, age group (adolescent, 13–17 years; 

adult, 18–49 years), and visit by treatment interaction. For the CGI-I endpoints (overall and 9 

clinical domains), separate models were created for each measure with post-baseline score 

(response variable), as there was no baseline value to include as a covariate. An unstructured 

within-individual covariance structure was assumed. From this model, an estimate of the 

treatment difference at Week 12 was generated (least squares [LS] mean), when comparing 

placebo with the qd, bid, and combined gaboxadol groups, with corresponding 2-sided p values. 

As post-hoc analysis, an additional CGI-I responder analysis was conducted separately for the 

two dose groups using a more rigorous definition of ‘highly meaningful’ response on CGI-I 

overall of either 1 (very much improved) or 2 (much improved).  If the Week 12 endpoint was 

not available, the Week 6 endpoint was used as a method of imputation.   For continuous 

endpoints collected only at baseline and Week 12 (BSID-III, PEDI-CAT, Zeno Walkway), 

change from baseline was analyzed using analysis of covariance model, with fixed effects for 

treatment, age group, and the corresponding baseline as a covariate. Estimates of the treatment 

means and difference at Week 12 were generated when comparing placebo with the combined 

dose group, and each dose of gaboxadol, with corresponding 2-sided p values.  
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In a post hoc analysis, the changes from baseline to Week 12 in the PEDI-CAT Daily Activity 

and Mobility summary scores were compared between the gaboxadol qd group and placebo 

using a 2-sided t-test, with corresponding 95% CI and p value. Analyses of the PEDI-CAT 

Mobility score were conducted with and without excluding outliers, defined as individuals whose 

mobility score changed from screening to baseline by ≥3 points. Post hoc analyses were 

performed for the BSID-III total gross motor, total fine motor, and overall motor (gross and fine) 

scores. A responder was defined as improvement by 3 points or more in the Week 12 score vs 

baseline. For BSID-III analyses, the differences in proportions of responders in the qd, bid, and 

combined gaboxadol groups vs placebo were compared using Fisher’s exact test, with 

corresponding exact 95% CI for the differences. All statistical analyses were performed using 

SAS for Windows (v.9.4). Selected efficacy analyses of Week 12 endpoints include missing 

value adjustments, if possible, that use the corresponding Week 6 observations either implicitly 

or by simple imputation (for binary endpoints). For all other analyses, observed case data were 

used without imputations for missing data.  

Data Availability 

Ovid Therapeutics Inc (Ovid) is committed to providing qualified scientific researchers 

appropriate access to anonymized data and clinical study information from the company’s 

clinical trials for the purpose of conducting legitimate scientific research. Requests for specific 

data will be considered along with the rationale, description of use need and clinical value of the 

proposed analysis. Ovid supports an approach to sharing data that responsibly reflects the 

interests of all parties involved in clinical trials, including protecting (i) the rights and privacy of 

trial participants, (ii) the innovator’s intellectual property rights, and (iii) other incentives for 

innovation, and as such, will evaluate requests for sharing company clinical trial data with 
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qualified external scientific researchers. Requests to access the data from this clinical trial may 

be made at clinical@ovidrx.com. Data will be made available for request either (i) after product 

approval in the United States and European Union, (ii) after product development is discontinued 

or (iii) as otherwise required by law or regulation. There are circumstances that may prevent 

Ovid from sharing the requested data as the product is still investigational at this time. 
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Results 

Study population 

The intention-to-treat population consisted of 88 individuals randomized to participate in the 

trial, including 1 who was randomized to gaboxadol bid but who did not receive treatment 

(figure 2 and tables 1 and 2). The Full Analysis Set/Safety Set consisted of 87 individuals 

randomized into 3 groups: 29 who received gaboxadol qd, 29 who received gaboxadol bid, and 

29 who received placebo. Seventy-eight (90%) individuals completed the study. Baseline ratings 

on the CGI-S scale were similar in all 3 groups, excluding a chance clustering of more severely 

affected individuals in any treatment group. Seizure history was balanced among the treatment 

groups; 93% had a history of seizure, including 37% who reported having had seizures within the 

past 2 years. Concomitant use of non-benzodiazepine and benzodiazepine medications 

administered for seizures, and benzodiazepines used for other purposes “as needed” were similar 

among all treatment groups (supplemental tables 4 and 5). 

Safety 

During the 12-week trial period, 2 serious AEs of seizure were reported, 1 in the gaboxadol qd 

(not related) and 1 in the gaboxadol bid group (possibly study drug related) (supplemental table 

6). Four individuals discontinued the study due to AEs, 1 treated with placebo (irritability) and 3 

treated with gaboxadol bid (seizure, n = 1; myoclonus, n = 1; and irritability/anxiety/sleep 

disorder, n = 1; supplemental table 6). A comparison between the treatment groups reveals a 

safety profile with similar proportion of AEs; the majority of AEs were mild to moderate, and no 

life-threatening AEs were reported (tables 3 and 4). Study drug-related AEs occurred at a greater 

incidence among individuals treated with gaboxadol qd (62%) than among those who received 
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placebo (45%) (table 4). The AEs that occurred at least 5% more frequently (2 or more 

individuals in a treatment group; table 3) in the qd group vs placebo included pyrexia (24% and 

7%, respectively), rash (10% and 3%, respectively), and seizure, otitis media, and enuresis (each 

7% and 0, respectively). AEs that occurred at least 5% more frequently in the bid group vs 

placebo included unspecified seizures (10% and 0, respectively), and viral infection, myoclonic 

seizures, lethargy, sleep disorder, and acne (each 7% and 0, respectively). The percentage of 

individuals requiring a dose interruption or change due to an AE was higher with gaboxadol bid 

(28%) vs gaboxadol qd and placebo (each 17%) (supplemental tables 7 to 9). The irritability 

domain of the ABC-C was used as a proxy for suicidal ideation, and no differences in change 

from baseline were found for gaboxadol qd or bid vs placebo. Results of hematology and 

chemistry testing in the combined groups showed no differences from placebo. There were no 

differences or discernable trends between treatment groups in vital signs or physical examination 

findings. The incidences of moderate and severe slowing and of occipital rhythm on EEG were 

similar at baseline and Week 12, and similar among treatment groups.  

Exploratory efficacy endpoints  

Global function 

The prespecified responder analysis of the adapted CGI-I showed an improvement in the 

combined gaboxadol group at Week 12 compared to placebo (66.7% and 39.3%, respectively; p 

= 0.0206). When this responder analysis was carried out post-hoc for the 2 dose groups using a 

more rigorous definition of “highly meaningful” response on CGI-I of either 1 (very much 

improved) or 2 (much improved), the qd group showed an improvement at Week 12 vs placebo 

(32.1% and 7.1%, respectively; descriptive p = 0.0403), but no improvement was observed in the 

gaboxadol bid group compared to placebo (10.3% and 7.1%; descriptive p = 1.0000). A pre-
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specified supportive MMRM analysis of CGI-I overall showed an improvement in the qd group 

vs placebo (LS mean difference, -0.78; SE 0.218; p = 0.0006), whereas the bid group showed no 

difference from placebo (LS mean, -0.21; SE, 0.216; p = 0.3446) (Table 5). 

Behavior  

An exploratory analysis of PGI domain responses showed a higher proportion of individuals in 

gaboxadol qd (n = 28) had CGI-I score ≤2 and PGI score of improved (a little, moderately, a lot) 

vs bid (n = 28) and placebo (n = 27) within the domains of behavior (3 [10.7%], 2 [7.1%], and 

1 [3.7%], respectively), nonverbal communication (6 [21.4%], 2 [7.1%], and 1 [3.7%], 

respectively), verbal communication (3 [10.7%], 1 [3.6%], and 0 [0%], respectively), and anxiety 

(4 [14.3%], 2 [7.1%], and 1 [3.7%], respectively). 

Motor function 

Exploratory post hoc analyses conducted on the BSID-III gross and fine motor domains did not 

reveal any statistically significant differences vs placebo. For the gross motor domain, the 

gaboxadol qd group showed a  change vs placebo (difference, 24.5%; 95% CI, 0.1, 48.4; and 

descriptive p = 0.052), whereas the bid group showed no difference from placebo (descriptive p 

= 0.070). There were no differences between the groups for the fine motor domain of BSID-III. 

On the CHAQ Disability Index (a pre-specified exploratory end point) at Week 12 no difference 

was seen for the two dosing groups vs placebo. 

The Zeno Walkway data showed a reduction from baseline in the gaboxadol qd group vs placebo 

in mean stride velocity (n = 24, LS mean, 0.56, SEM, 3.273; and n = 24, LS mean, 9.68, SEM, 

3.271; 95% CI, -17.84, -0.40, and descriptive p = 0.0406, respectively) and cadence (n = 24, LS 

mean, -0.47, SEM, 2.149; and n = 24, LS mean, 5.79, SEM 2.162; 95% CI, -12.05, -0.49 and 
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descriptive p = 0.0340, respectively). The bid group showed similar findings for cadence and no 

difference from placebo in mean stride velocity. Post-hoc analyses of change from baseline to 

Week 12 in PEDI-CAT Daily Activity scores (mean, 0.69; SE, 0.434; 95% CI, -0.18, 1.56) and 

PEDI-CAT Mobility scores (excluding outliers defined as a difference in total score between 

Screening and Baseline >3; mean, 0.68; SE, 0.397; 95% CI, -0.12, 1.48), showed no difference in 

the QD group versus placebo. 

Sleep 

The CGI-I Sleep domain score improved in the gaboxadol qd group vs placebo (MMRM: 

LS mean, -0.77; SEM, 0.307; p = 0.0141), whereas the bid group showed no difference from 

placebo (LS mean, -0.45; SEM, 0.305; p = 0.1407) (table 5). Because of technical issues with the 

devices and/or noncompliance, actigraphy data were missing for approximately 50% of the 

participants. Descriptive analysis of the evaluable actigraphy data showed changes in sleep-onset 

latency from baseline to Week 12 in the qd (LS mean, -11.0; SE, 8.49), placebo (LS mean, 14.7; 

SE, 6.56) and bid (LS mean, 2.6; SE, 7.24) groups with a treatment difference for the qd group of 

-25.7 minutes (95% CI, -46.08, -5.29; p = 0.0147). 

Over the course of the 12-week study, sleep-onset latency shortened in the qd group, remained 

relatively unaffected in the bid group (with a transient reduction observed at 1 week following 

initiation of treatment), and lengthened in the placebo group (supplemental table 10). 

Improvements were suggested in “total sleep time during the day” and “sleep efficiency” in the 

qd group vs placebo, and decreased “total sleep time at night” in the bid arm (supplemental 

table 10). Of the 9 CGI-I domains, only sleep showed an improvement. A post hoc evaluation of 

the relationship between the CGI-I sleep domain and the other CGI-I domains at Week 12 found 

no significant correlations in the qd group (correlation coefficient [CC], range, -0.16 [anxiety] to 
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0.38 [symptoms overall]), whereas in the bid group, the CGI-I sleep domain correlated with 

several domains to a moderate to strong degree, including inappropriate laughter or 

hyperexcitability (CC, 0.52), gross motor ability (CC, 0.62), fine motor ability (CC, 0.56), and 

symptoms overall (CC, 0.84) (supplemental table 11). 

Exploratory efficacy: other scales  

No change was found between the combined gaboxadol group vs placebo for the endpoints in the 

hierarchical testing procedure for the ADAMS, ABC-C, mPOMA-G, and Sleep Pattern e-Diary. 

No change was found in a comparison of the combined gaboxadol group vs placebo for the 

endpoints in the Seizure Activity e-Diary, EQ-5D-5L questionnaire, SF-36 Health Survey, or 

PGI scale. Change from baseline to Week 12 in CGI-S was found to be minimal for all 3 study 

groups. 
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Discussion  

Many symptoms of AS are heterogenous and vary throughout the patient lifespan. Preclinical 

studies in a mouse model with an inactivated maternal Ube3a gene (Ube3am-/p) showed loss of 

tonic inhibition in cerebellar granule cells,11 as well as motor dysfunction.21 GABA, the main 

inhibitory neurotransmitter in the mammalian brain, signals through 2 major receptor types 

comprising multiple subtypes,22 while GABAergic inhibitory signaling within the CNS proceeds 

through activation of pentameric GABAA receptors.23, 24, 25 Decreased activation of extrasynaptic 

GABAA receptors affects the postsynaptic membrane potential and overall neuronal excitability 

through a phasic inhibitory chloride ion (Cl–) current in the postsynaptic neuron.11, 22–24,26–28 

Through the highly selective activation of extrasynaptic GABAA receptors, gaboxadol has the 

potential to restore the deficit in tonic inhibition25, which animal model evidence suggests may 

play a central role in the underlying neuropathophysiology of AS.11 

The STARS phase 2 study found that gaboxadol was generally well tolerated with an overall 

favorable safety profile, as demonstrated by primarily mild to moderate AEs and few treatment 

discontinuations owing to AEs (table 4; supplemental table 9). It should be noted that 1 

individual discontinued gaboxadol bid treatment owing to myoclonus, which can be difficult to 

treat. While the study was not designed to be sufficiently powered for efficacy outcomes, the 

CGI-I nevertheless showed a gaboxadol treatment effect. It is notable that the CGI-I response for 

gaboxadol qd showed a clear separation from placebo, while gaboxadol bid did not. The CGI-I 

was used as a global assessment to allow clinicians to capture improvement overall and in a 

constellation of clinical symptoms—including communication, behavior, gross and fine motor 

ability, and sleep— relevant for individuals with AS and their caregivers. Exploration of the 

drivers for the CGI-I findings showed modest improvements for gaboxadol qd only in sleep. 
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While more sensitive outcome measures may be required to accurately capture other endpoints, 

we believe that these findings provide insights into the observed improvements in CGI-I.   

An important finding from this study was that gaboxadol qd was associated with improved CGI-I 

scores, whereas gaboxadol bid was not. Notably, sustained improvement in sleep-onset latency, 

as measured by the actigraphy watch, was observed with the qd dose, an effect not observed with 

bid dosing. To examine the hypothesis that sleep may be the underlying cause of the observed 

improvements in CGI-I, a post hoc analysis found that the CGI-I Sleep symptom score for 

gaboxadol qd was unrelated to other domain scores, suggesting the effect on sleep may be 

independent from other clinical changes.  

A theoretical explanation for the lack of improvement in CGI-I in the bid group at 6 and 

12 weeks, along with the lack of sustained effect on sleep-onset latency, could be that 

participants receiving the higher bid dosing may have developed tolerance to gaboxadol.29  

Development of tolerance is consistent with previous preclinical and clinical findings involving 

GABAergic drugs (benzodiazepines,30 neurosteroids,31, 32 barbiturates,32 certain anesthetics,33 

and chronic alcohol administration33), including those that act at the extrasynaptic GABAA 

receptor. Functional desensitization to gaboxadol in mice has been observed with time and dose 

level.11,34 It should be appreciated that GABAergic signaling through GABAA receptors, 

including those extrasynaptic variants containing a δ-subunit, is a highly dynamic process under 

the influence of a host of controls that may lead to desensitization and development of tolerance 

to treatment, causing reduced therapeutic effect at higher doses. Other potential explanations for 

a lack of dose response may include a false-positive result due to chance and small sample size. 

In designing and conducting this trial, several obstacles common to trials in rare neurologic 

disorders were encountered. Although the seizure history among the participants was balanced 

 

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 

 



and consistent with previous studies,34, 35 AS is a heterogeneous condition with respect to both 

genotype and phenotype. This heterogeneity, coupled with the lack of validated tools to measure 

symptoms in AS, presents numerous challenges for trial design and clinical endpoint selection. 

The concerns regarding heterogeneity might have been mitigated by implementing stricter 

exclusion criteria however, the criteria were designed to represent a more inclusive AS 

population.  

There were several limitations of this study. Because of the inherent nature of their disabilities, 

individuals with AS are unable to report their symptoms independently, and a caregiver is 

required to infer symptoms from observed behaviors, which introduces an element of 

subjectivity into the reporting. Individuals and caregivers experienced difficulties in completing 

the Sleep Pattern e-Diary and using the actigraphy watch, partly due to technical limitations and 

the participants’ sensitivity to wearing the devices; this poor compliance meant data were 

available for only half of the study participants. Additionally, the variable degrees of gait 

disturbances present in most individuals with AS made it challenging to interpret the walkway 

data. Another limitation of the study is that the BSID-III is not designed to capture change in 

response to treatment in a 12-week study, but instead to identify areas of developmental delays. 

For this reason, implementation of the clinician assessment such as the CGI-S and CGI-I 

provided an additional source of tracking treatment response.  

Originally designed for use in neuropsychiatric disorders, typically the CGI scales are paired 

with 1 or more disease-specific rating scales that establish the basis of the global ratings. Since 

there are no condition-specific rating scales for AS, the study team established 9 domains to be 

evaluated (based on literature reviews, caregiver interviews, and AS experts’ clinical guidance) 

to permit exploration of which domains might be most affected by gaboxadol. Raters were 
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clinicians experienced in working with children with disabilities and, although we attempted to 

minimize interrater differences through training and consistency of rater-participant pairs,  

interrater reliability statistics were not captured. Intrarater reliability remains an area for 

additional exploration.  

This study demonstrates that gaboxadol was generally safe and well tolerated in individuals with 

AS. Evidence for clinical global improvement, as measured by the CGI-I, was found in the 

gaboxadol qd group, with potential contributions from the domains of behavior, motor function, 

communication, and sleep. These results support further clinical development of gaboxadol for 

AS.  
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TABLES AND FIGURES 

Table 1  Study criteria 

Inclusion Criteria Exclusion Criteria 

Age ≥13 and ≤49 years at the time of informed consent Nonambulatory individuals (e.g., requiring a 
wheelchair), not able to perform the assessments of 
motor ability/function 

Molecular confirmation of AS Poorly controlled seizures, defined as >3 seizures 
lasting <3 minutes, per week or >1 seizure lasting 
>3 minutes, per week, or as per medical monitor 
judgment 

Receiving a stable dose of concomitant medications 
such as antiepileptic medication, gabapentin, clonidine, 
melatonin, trazadone, supplements, and special diets for 
at least 4 weeks prior to baseline, and able to maintain 
these throughout the duration of the study 

Concomitant cardiovascular or respiratory diseases of 
a degree that would limit participation in the study 

Has a parent or caregiver capable of providing informed 
consent on behalf of the individual and able to attend 
scheduled study visits to participate in all assessments 
described in the protocol 

Concomitant disease (e.g., gastrointestinal, renal, 
hepatic, endocrine, or cardiovascular system disease) 
or condition, or any clinically significant finding at 
screening that could interfere with the conduct of the 
study or that would pose an unacceptable risk to the 
individual in this study 

Able to attend scheduled study visits and willing to 
perform the required clinical evaluations 

Any of the following laboratory abnormalities: total 
bilirubin >1.5 × ULN (unless isolated Gilbert 
syndrome); alanine aminotransferase or aspartate 
aminotransferase >2.5 × ULN; serum creatinine >1.2 
× ULN; absolute neutrophil count <1.5 × 109/L; 
platelets <80× 109/L; hemoglobin <80 g/L; 
TSH >1.25 × ULN or <0.8 × ULN 

Able to ingest the study drug Pregnancy 
Caregivers must agree not to post any personal medical 
data related to the study or information related to the 
study on any website or social media site (e.g., 
Facebook, Twitter) until the study is completed 

Women of child-bearing potential who are not using a 
double-barrier method of contraception (e.g., 
condoms plus oral contraceptives), with abstinence 
being an accepted method 

 Concomitant use of minocycline, levodopa, zolpidem, 
zaleplon, eszopiclone, ramelteon, or benzodiazepines 
for sleep, as well as cannabinoid derivatives and any 
other use of any investigational agent, device, and/or 
investigational procedure 4 weeks prior to baseline 
and during the study 
Allergy to gaboxadol or any excipients 
At increased risk of harming self and/or others based 
on investigator assessment 
Any condition or reason that, in the opinion of the 
investigator, makes the individual unsuitable for 
enrollment 
Inability of individual or caregiver to comply with 
study requirements 

Abbreviations: AS = Angelman syndrome; TSH = thyroid-stimulating hormone; ULN = upper limit of normal. 
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Table 2: Demographics, Safety Set 

Abbreviations: bid = twice daily; qd = once daily; SD = standard deviation. 

 

Table 3  AEs in ≥5% of individuals in any treatment group by preferred term, Safety Set 

Preferred term, 
n (%) 

Placebo 
(n = 29) 

Gaboxadol qd 
(n = 29) 

Gaboxadol bid 
(n = 29) 

Gaboxadol combined 
(n = 58) 

At least 1 AE 25 (86.2) 27 (93.1) 25 (86.2)  52 (89.7) 

Vomiting 9 (31.0)  5 (17.2)  5 (17.2)  10 (17.2)  

Somnolence 5 (17.2)  5 (17.2)  3 (10.3)  8 (13.8)  

Irritability 4 (13.8)  3 (10.3)  5 (17.2) 8 (13.8)  

Pyrexia 2 (6.9)  7 (24.1)  1 (3.4)  8 (13.8)  

Upper respiratory tract infection 4 (13.8)  5 (17.2)  1 (3.4)  6 (10.3)  

Aggression 5 (17.2)  4 (13.8)  1 (3.4)  5 (8.6)  

Rash 1 (3.4)  3 (10.3)  2 (6.9)  5 (8.6)  

Seizure 0  2 (6.9)  3 (10.3)  5 (8.6)  

Decreased appetite 4 (13.8)  2 (6.9)  2 (6.9)  4 (6.9)  

Diarrhea 3 (10.3)  1 (3.4)  3 (10.3)  4 (6.9)  

Nausea 3 (10.3)  0  4 (13.8)  4 (6.9)  

Agitation 1 (3.4) 2 (6.9) 2 (6.9) 4 (6.9) 

Tremor 1 (3.4) 2 (6.9) 2 (6.9) 4 (6.9) 

Nasopharyngitis 5 (17.2)  2 (6.9) 1 (3.4)  3 (5.2)  

Fatigue 2 (6.9) 1 (3.4) 2 (6.9) 3 (5.2) 

Otitis media 0 2 (6.9) 1 (3.4) 3 (5.2) 

Viral infection 0 1 (3.4) 2 (6.9) 3 (5.2) 

Fall 1 (3.4) 2 (6.9) 1 (3.4) 3 (5.2) 

Myoclonus 1 (3.4) 1 (3.4) 2 (6.9) 3 (5.2) 

Myoclonic epilepsy 0 1 (3.4) 2 (6.9) 3 (5.2) 

 Placebo 
(n = 29) 

Gaboxadol  
qd 

(n = 29) 

Gaboxadol 
bid 

(n = 29) 

Gaboxadol 
combined 

(n= 58) 

All individuals  
(N = 87) 

Age at informed consent 
Mean (SD) 22.0 (6.70) 23.1 (7.76) 22.8 (6.51) 22.9 (7.10) 22.6 (6.95) 
Median (min, max) 21.0 (13, 35) 21.0 (13, 45) 22.0 (14, 38) 21.0 (13, 45) 21.0 (13, 45) 
Age at informed consent, per age group, n (%) 
  13–17 y 8 (27.6) 7 (24.1) 6 (20.7) 13 (22.4) 21 (24.1) 
  18–24 y 12 (41.4) 12 (41.4) 15 (51.7) 27 (46.6) 39 (44.8) 
  25–49  y — 10 (34.5) 8 (27.6) 18 (31.0) 27 (31.0) 
Gender, n (%) 
Male 15 (51.7) 20 (69.0) 18 (62.1) 38 (65.5) 53 (60.9) 
Female 14 (48.3) 9 (31.0) 11 (37.9) 20 (34.5) 34 (39.1) 
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Anxiety 1 (3.4) 1 (3.4) 2 (6.9) 3 (5.2) 

Insomnia 1 (3.4) 2 (6.9) 1 (3.4) 3 (5.2) 

Enuresis 0 2 (6.9) 1 (3.4) 3 (5.2) 

Rhinorrhea 1 (3.4) 2 (6.9) 1 (3.4) 3 (5.2) 

Headache 1 (3.4) 0 2 (6.9) 2 (3.4) 

Lethargy 0 0 2 (6.9) 2 (3.4) 

Sleep disorder 0 0 2 (6.9) 2 (3.4) 

Acne 0 0 2 (6.9) 2 (3.4) 

Dizziness 2 (6.9) 0 0 0 

Localized infection 2 (6.9) 0 0 0 

Abbreviations: AE = adverse event; bid = twice daily; qd = once daily. 
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Table 4  Summary of AEs, Safety Set  

n (%) 
Placebo 
(n = 29) 

Gaboxadol qd 
(n = 29) 

Gaboxadol bid  
(n = 29) 

Gaboxadol 
combined 
(n = 58) 

Any AE 25 (86.2) 27 (93.1) 25 (86.2) 52 (89.7) 
Any mild AE 23 (79.3) 23 (79.3) 23 (79.3) 46 (79.3) 
Any moderate AE 9 (31.0) 15 (51.7) 9 (31.0) 24 (41.4) 
Any severe AE 0 1 (3.4) 4 (13.8) 5 (8.6) 
Any life-threatening 
AE 

0 0 0 0 

Drug-related AE* 13 (44.8) 18 (62.1) 19 (65.5) 37 (63.8) 
Any serious AE 0 1 (3.4) 1 (3.4) 2 (3.4) 
Any AE leading to 
dose change or 
interruption 

5 (17.2) 5 (17.2) 8 (27.6) 13 (22.4) 

Any AE leading to 
study withdrawal 

1 (3.4) 0 3 (10.3) 3 (5.2) 

Abbreviations: AE = adverse event; bid = twice daily; qd = once daily. 

*Drug-related AEs were defined as possibly, probably, or definitely related to the study drug; AEs with missing 
relationship were counted as “related.” 

 

Table 5  LS Mean difference in CGI-I and sleep, MMRM analysis,* Full Analysis Set 

Score at Week 12 
Placebo 
(n = 27) 

Gaboxadol qd 
(n = 27) 

Gaboxadol bid 
(n = 28) 

Gaboxadol 
combined 
(n = 55) 

Symptoms overall 
LS mean (SE) 3.79 (0.161) 3.00 (0.163) 3.58 (0.161) 3.29 (0.120) 
Gaboxadol vs placebo 
  LS mean difference (SEM) 
  p Value†  

 
— 

 
-0.78 (0.218)  

0.0006 

 
-0.21 (0.216)  

0.3446 

 
-0.49 (0.188)  

0.0103 

Sleep 
LS mean (SE) 3.89 (0.228) 3.12 (0.231) 3.44 (0.228) 3.28 (0.171) 
Gaboxadol versus placebo 
  LS mean difference (SEM) 
  p Value† 

 
— 

 
-0.77 (0.307) 

0.0141 

 
-0.45 (0.305) 

0.1407 

 
-0.61 (0.266) 

0.0236 

Abbreviations: bid, twice daily; CGI-I, Clinical Global Impression–Improvement; MMRM, mixed model 
repeated measures; LS, least squares; qd, once daily. 
*Including fixed effects for visit, treatment, age, and visit by treatment interaction. 
†Two-sided p value for the difference of active treatment vs placebo. 
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Figure Titles and Legends 

 

Figure 1A and B5-8 

Title 

GABA signaling in physiologic condition vs Angelman syndrome* 

Legend 

Cl– = chloride ion; GABA = gamma-aminobutyric acid; GAT1 = GABA transporter type 1. 
*Loss of UBE3A causes reduced degradation of GAT1 and upregulated GABA uptake.  

 

 

 

 

 

 

 

 

 

 

 

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 

 



 

Figure 2  

Title: 

CONSORT DIAGRAM 

Legend 
aIncludes individuals unwilling to participate, investigator decision due to medication change, 
and caregiver withdrawal. 
bDefined as compliance <60%.  
cExcluded individuals could have >1 reason; primary reason given.  
dWithdrew after randomization for inability to comply with study 
bid = twice daily; FAS = full analysis set; ITT, intention-to-treat set; PP = per protocol set; qd = 
once daily. 

 

 

 

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 

 



DOI 10.1212/WNL.0000000000011409
 published online December 21, 2020Neurology 

Lynne M. Bird, Cesar Ochoa-Lubinoff, Wen-Hann Tan, et al. 
Syndrome

The STARS Phase 2 Study: A Randomized Controlled Trial of Gaboxadol in Angelman

This information is current as of December 21, 2020

Services
Updated Information &

 ull
http://n.neurology.org/content/early/2020/12/21/WNL.0000000000011409.f
including high resolution figures, can be found at:

  
Permissions & Licensing

 http://www.neurology.org/about/about_the_journal#permissions
entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in its

  
Reprints

 http://n.neurology.org/subscribers/advertise
Information about ordering reprints can be found online:

0028-3878. Online ISSN: 1526-632X.
Kluwer Health, Inc. on behalf of the American Academy of Neurology.. All rights reserved. Print ISSN:
is now a weekly with 48 issues per year. Copyright Copyright © 2020 The Author(s). Published by Wolters 

® is the official journal of the American Academy of Neurology. Published continuously since 1951, itNeurology 

http://n.neurology.org/content/early/2020/12/21/WNL.0000000000011409.full
http://n.neurology.org/content/early/2020/12/21/WNL.0000000000011409.full
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

