
1 

Efficacy and safety of ganaxolone in patients with CDKL5 deficiency disorder: a randomized, double-

blind, placebo-controlled, phase 3 trial  

Elia M. Pestana-Knight, MD;1 Sam Amin, MD;2 Prof Nadia Bahi-Buisson, MD;3 Prof Tim A. Benke, MD;4 Prof 

J. Helen Cross, MD;5 Scott T. Demarest, MD;4 Heather E. Olson, MD;6 Nicola Specchio, MD;7 Prof Thomas R. 

Fleming, PhD;8 Alex A. Aimetti, PhD;9 Maciej Gasior, MD;9 Prof Orrin Devinsky, MD;10 on behalf of the 

Marigold Trial Group*  

1Epilepsy Center, Cleveland Clinic Neurological Institute, Cleveland, OH, USA; 2Pediatric Neurology, 

University Hospitals Bristol and Weston, Bristol, UK; 3Pediatric Neurology, Necker Enfants Malades 

University Hospital, Paris, France; 4Deparment of Pediatrics and Neurology, University of Colorado School 

of Medicine, Children’s Hospital Colorado, Aurora, CO, USA; 5UCL NIHR BRC Great Ormond Street 

Institute of Child Health, London, UK; 6Department of Neurology, Boston Children’s Hospital, Boston, MA, 

USA; 6Division of Epilepsy and Clinical Neurophysiology and Epilepsy Genetics Program, Department of 

Neurology, Boston Children’s Hospital and Harvard Medical School, Boston, MA, USA; 7Rare and Complex 

Epilepsy Unit, Department of Neuroscience, Bambino Gesù Children’s Hospital, IRCCS, Rome, Italy; 

8Department of Biostatistics, University of Washington, Seattle, WA, USA; 9Marinus Pharmaceuticals, 

Radnor PA, USA; 10New York University Langone Comprehensive Epilepsy Center, New York, NY, USA 

*Members listed at the end of the paper. 

 

Corresponding author:  

Elia M. Pestana Knight, MD, Epilepsy Center, Cleveland Neurological Institute, Cleveland Clinic 

Mail Code S51, 9500 Euclid Avenue, Cleveland, OH, 44195 USA 

Telephone: +01.216.445.6739; Email: pestane@ccf.org  

 

Word count: Abstract: 430; Manuscript body: 3839; References: 38; Tables and figures: 5. 

mailto:pestane@ccf.org


2 

SUMMARY 1 

Background: CDKL5 deficiency disorder (CDD) is a rare, X-linked, developmental and epileptic 2 

encephalopathy characterized by severe global developmental impairment and early-onset, refractory 3 

seizures. Ganaxolone, an investigational neuroactive steroid, reduced seizure frequency in an open-label 4 

phase 2 trial. The current trial assessed the efficacy and safety of ganaxolone in patients with CDD-5 

associated refractory epilepsy. 6 

Methods: This was a randomized, double-blind, placebo-controlled, phase 3 trial conducted at 39 sites 7 

in eight countries. Patients ages 2–21 years with a pathogenic/likely pathogenic CDKL5 variant and ≥16 8 

major motor seizures (MMS; defined as bilateral tonic, generalized tonic-clonic, bilateral clonic, 9 

atonic/drop, or focal to bilateral tonic-clonic seizures) per month were eligible. After a 6-week 10 

prospective baseline period, patients were randomized via interactive web response system in a 1:1 11 

ratio to oral adjunctive ganaxolone 63 mg/kg/day (≤28 kg) or 1800 mg/day (>28 kg) or placebo for 17 12 

weeks. Patients/caregivers, investigators, trial staff, and sponsor (other than investigational product 13 

manager) were blinded to treatment. The primary endpoint was percentage change in 28-day MMS 14 

frequency (MMSF) averaged over the entire 17-week double-blind phase relative to baseline (Wilcoxon-15 

rank sum test). Safety, including adverse events (AEs), was compared descriptively across treatment 16 

groups. This study is registered with ClinicalTrials.gov number NCT03572933. 17 

Findings: The study was conducted between June 25, 2018 and July 2, 2020. One hundred and one 18 

patients (median age, 6 years) were randomized to ganaxolone (n=50) or placebo (n=51); all patients 19 

received a dose of study drug and were analyzed for efficacy and safety. One patient (ganaxolone group) 20 

did not have seizure frequency activity recorded in the baseline phase and was not included in the 21 

primary seizure frequency analysis. For the primary endpoint, patients in the ganaxolone group 22 

experienced a median reduction of 30∙7% (IQR: 49∙5 to 1∙9) (from median [IQR] 28-day MMSF of 54∙0 23 

[31∙3 to 147∙3] to 45∙0 [23∙5 to 106∙3]) compared with 6∙9% (IQR: 24∙1 to ‒39∙7) in the placebo group 24 
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(p=0∙0036) (from median [IQR] 28-day MMSF of 49∙2 [18∙7 to 120∙0] to 55∙5 [21∙6 to 124∙7]). The median 25 

difference was 27∙1% (95% CI: 9∙6, 47∙9) over the 17-week double-blind phase. AEs occurred in 86% 26 

(n=43) and 88% (n=45) of patients in ganaxolone and placebo groups, respectively. Somnolence, pyrexia, 27 

and upper respiratory tract infections occurred in ≥10% of patients, with greater frequency in the 28 

ganaxolone group. Serious AEs occurred in 12% (n=6) and 10% (n=5) of patients in ganaxolone and 29 

placebo groups, respectively. In ganaxolone and placebo groups, two (4%) and four (8%) patients, 30 

respectively, discontinued the trial.  31 

Interpretation: Ganaxolone significantly reduced CDD-associated seizures compared with placebo and 32 

was generally well tolerated. Results from the first controlled trial in CDD suggest a potential treatment 33 

benefit with ganaxolone in patients with CDD. Long-term treatment is being assessed in an open-label 34 

extension study. 35 

Funding: Marinus Pharmaceuticals, Inc.  36 

 37 
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Research in context 

Evidence before this trial 

An unrestricted PubMed search of “[CDKL5] and [ganaxolone]” conducted on January 12, 2022 yielded 

no publications. The next PubMed search was of “CDKL5” only, restricting results to “clinical trial” 

publications. This search yielded three publications, of which two were non-interventional nor relevant 

to the present trial. The third publication was a randomized, double-blind, placebo-controlled study 

evaluating ataluren in patients with Dravet syndrome and CDKL5 deficiency disorder (CDD). Results 

showed no treatment difference between ataluren and placebo. A final PubMed search of 

“ganaxolone,” also restricted to “clinical trial” publications, identified four publications reporting on 

clinical studies of ganaxolone treatment for epilepsy-related disorders. None of these studies evaluated 

the effect of ganaxolone in patients with CDD. A previous exploratory, open-label trial (NCT02358538) 

evaluated the safety and efficacy of ganaxolone as adjunctive therapy for several rare genetic epilepsies, 

including seven patients with CDD. Following a 26-week treatment period, the median change from 

baseline in 28-day seizure frequency (primary endpoint) among the seven patients was a decrease of 

44∙4%. Ganaxolone was generally well tolerated with no serious adverse events. These results provided 

proof-of-concept evidence of ganaxolone’s anti-seizure activity in patients with CDD and contributed to 

the rationale for the phase 3 study presented herein.  

 

Added value of this trial 

The Marigold trial is the first phase 3, randomized, double-blind, placebo-controlled trial to evaluate the 

efficacy and safety of any anti-seizure treatment for CDD-associated refractory epilepsy. This trial 

evaluated ganaxolone, a novel neuroactive steroid that acts as a positive allosteric modulator of 

synaptic and extrasynaptic GABAA receptors. Trial results show that, compared with placebo, adjunctive 

ganaxolone significantly reduced 28-day frequency of major motor seizures relative to placebo in 
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patients with CDD who had a history of early-onset seizures uncontrolled by ≥2 anti-seizure medications 

and ≥16 major motor seizures per month. Ganaxolone treatment was generally well tolerated, with a 

similar rate of treatment-emergent adverse events in ganaxolone and placebo groups (86% vs 88%, 

respectively).  

 

Implications of all the available evidence 

Adjunctive ganaxolone showed a favorable efficacy and safety profile in children and young adults with 

CDD, suggesting that ganaxolone could be a valuable treatment option for patients with refractory 

epilepsy. Data from the ongoing, open-label phase of this trial should provide additional insights 

regarding the extended use of ganaxolone in patients with CDD. 
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Introduction  

Cyclin-dependent kinase-like 5 (CDKL5) is a protein that plays a critical role in brain development and 

function,1,2 regulating neuronal proliferation, morphogenesis, and survival, as well as synaptic function, 

structure, and plasticity.2-6 Pathogenic variants of CDKL5 (de novo- or mosaicism-derived missense, 

nonsense, deletion, frameshift, and/or splicing mutations)1,7-9 lead to the development of CDKL5 

deficiency disorder (CDD), a rare, X-linked disorder with an incidence of approximately one in 40,000 live 

births and a female to male ratio of 4:1.10,11 Although males are generally reported as experiencing more 

severe disease versus females,12,13 results from a recent report suggest otherwise.14 Additionally, cases 

of a milder phenotype have been reported in mosaic males.11 Severity in females is also variable, 

possibly due to X-chromosome inactivation.7,15  

 

CDD is a developmental and epileptic encephalopathy characterized by early-onset, refractory seizures 

and severe global developmental impairment; cortical visual impairment, sleep disturbances, and 

hypotonia are also common.5,16,17 Seizures are most often the initial manifestation of the disorder, with 

a median time to onset of 4–6 weeks of age,10,14,17,18 and with more than 90% of patients experiencing 

seizures within 3 months of birth.16 Patients commonly have multiple seizures daily16-18 and may 

experience differing seizure types over time. Epileptic spasms are the initial seizure type in nearly one 

quarter of patients.5,14 Other presenting seizure types include tonic, focal, and generalized tonic-

clonic.5,14,15,18 Other seizure types can emerge over time, specifically seizures such as tonic spasms or 

hypermotor-tonic-spasms sequence (HTSS).5,14,19 HTSS and HTSS-like seizures are characterized by 

multiple motor phases, including hypermotor, tonic, and spasm phases, with each phase lasting several 

seconds to minutes.19 CDD-associated seizures are usually refractory to treatment with anti-seizure 

medications (ASMs), and when responsive to therapy, improvements are often short-lived (median, 6 
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months).15,18,20-22 Thus, there is a considerable need for treatment that can durably decrease seizure 

burden (frequency, duration, and/or severity of seizures) in patients with CDD.  

 

Pathogenic CDKL5 variants can impair the excitatory/inhibitory neuronal balance due to alterations in 

glutamatergic and GABAergic mechanisms, including diminished GABAergic signaling.23,24 Ganaxolone is 

a neuroactive steroid that acts as a positive allosteric modulator of synaptic and extrasynaptic GABAA 

receptors to enhance GABAergic inhibitory tone.25,26 Given that seizure activity was not a phenotype of 

preclinical CDD models until recently,27,28 the potential utility of ganaxolone in CDD was suggested by its 

broad-spectrum activity in preclinical seizure models.25,26,29,30 Ganaxolone was assessed clinically in CDD 

in an open-label, phase 2 trial (ClinicalTrials.gov NCT02358538) that included seven patients.31 Patients 

dosed with ganaxolone up to 63 mg/kg/day in three divided doses experienced a 44∙4% median 

reduction in 28-day seizure frequency during the 26-week treatment period in relation to baseline. Four 

patients progressed to the open-label extension of the study and continued to experience reduced 

seizure frequency out to 18 months.32  

 

Given ganaxolone’s unique mechanism of action, broad-spectrum anti-seizure activity in preclinical 

studies, and favorable preliminary phase 2 trial results, the phase 3 Marigold trial was conducted to 

compare the efficacy and safety of adjunctive ganaxolone compared with placebo in patients with CDD-

associated refractory epilepsy. 

 

Methods 

Trial design  

The trial (NCT03572933) was a randomized, placebo-controlled, phase 3 study conducted at 39 sites in 

eight countries (Australia, France, Israel, Italy, Poland, Russian Federation, United Kingdom, and United 
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States of America). It consisted of two parts, a double-blind phase followed by an open-label phase 

(supplemental figure 1), and was conducted in compliance with the International Conference on 

Harmonization Guidelines for Good Clinical Practice and applicable national and local regulatory 

requirements. The protocol was approved by the independent ethics committee/institutional review 

board at each participating site, and written informed consent was provided for all patients by their 

guardians or legal representatives prior to screening or at the screening visit. 

 

Participants 

Eligible patients included males and females 2–21 years of age with a molecularly confirmed pathogenic 

or likely pathogenic CDKL5 variant, including mosaic variants. The lower limit of mosaicism detection 

was 10%. For all countries except France, genetic testing was performed and verified by a single testing 

facility (GeneDx, Gaithersburg, MD). For France, genetic mutations were confirmed by an approved 

French organization per the country’s legislation. Other inclusion criteria included history of early-onset 

seizures uncontrolled despite the appropriate trial of ≥2 ASMs and ≥16 major motor seizures per 28 days 

(defined as bilateral tonic [sustained motor activity ≥3 seconds], generalized tonic-clonic, bilateral clonic, 

atonic/drop, or focal to bilateral tonic-clonic seizures) in each 4-week period of the 8-week historical 

seizure period before screening. Seizure type was classified by the physician using the International 

League Against Epilepsy’s Classification of Epileptic Seizures and was verified by the independent 

Epilepsy Study Consortium. If seizures with multiple motor phases occurred, the seizure was classified as 

the most severe or prolonged phase. Hence, if a tonic seizure progressed into a spasm, it was classified 

as a tonic seizure. Patients were allowed to be on a stable regimen of up to four concomitant ASMs 

during the trial as long as the dosing regimens for these ASMs were stable for ≥1 month before 

screening, with no foreseeable change in dosing during the double-blind phase. Vagus nerve stimulation 

and ketogenic diet did not count toward the ASM limit but must have been consistent in the 3-month 
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period preceding screening. Key exclusion criteria included West syndrome or predominantly infantile 

spasm-type seizures; active central nervous system (CNS) infection, demyelinating disease, degenerative 

neurological disease, or CNS disease deemed progressive upon brain imaging; and abnormal liver 

function or significant renal insufficiency. Concomitant use of adrenocorticotropic hormone, prednisone 

(or other glucocorticoids), or moderate or strong inducers or inhibitors of CYP3A4/5/7 were not allowed, 

with the exception of moderate or strong inducer or inhibitor ASMs (eg, carbamazepine, phenytoin). Full 

inclusion and exclusion criteria are provided in supplemental table 1.  

 

Randomization and masking 

Eligible patients were randomized 1:1 centrally via an interactive web response system (IWRS) to receive 

either ganaxolone or placebo as adjunctive therapy to existing ASM(s). Each patient was assigned a 

unique number via IWRS at screening and then at randomization as determined by the randomization 

schedule, which was generated by the study’s Clinical Research Organization (CRO), ICON plc (Dublin, 

Ireland). Ganaxolone and placebo were identical in taste and appearance and provided in bottles with 

unique numbers. Trial staff, patients, caregivers, investigators, and the sponsor (other than the 

investigational product manager) were blinded to treatment. The investigational product manager had 

contact with people involved in the trial, but had no role in the assessment. 

 

Procedures 

The first phase of the trial included an 8-week historical seizure period, a 6-week prospective baseline 

period, and a 17-week double-blind treatment period. Trial drug was administered three times daily 

with food as an oral suspension for 17 weeks. Ganaxolone (50 mg/mL) or matching placebo solution was 

titrated over 4 weeks up to a maximum dose of 63 mg/kg/day (≤28 kg) or 1800 mg/day (>28 kg) 

followed by 13 weeks of maintenance dosing. Following completion of the double-blind phase, patients 
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were allowed to enter the open-label phase of the trial, during which all patients could receive 

adjunctive ganaxolone until its regulatory approval or trial termination. As the open-label phase is 

ongoing, this report focuses exclusively on data from the double-blind phase. 

 

Outcomes 

This study used a primary efficacy measure inclusive of multiple seizure types, defined as major motor 

seizures (bilateral tonic [sustained motor activity ≥3 seconds], generalized tonic-clonic, bilateral clonic, 

atonic/drop, or focal to bilateral tonic-clonic seizures), as these included seizure types are the most 

common manifestations of epilepsy associated with CDD.5,14 The primary endpoint was the percentage 

change from baseline in major motor seizure frequency (MMSF) during the 17-week double-blind phase 

expressed as a 28-day average. Baseline seizure frequency was established during the 6-week baseline 

period. Key secondary efficacy endpoints were the proportion of patients with ≥50% reduction from 

baseline in MMSF (responder analysis) and Clinical Global Impression of Improvement (CGI-I) scale score 

per caregiver and clinician assessment at the end of the 17-week double-blind phase. Trial drug effects 

on seizure frequency-related outcomes were assessed based on daily seizure frequency/type entries 

made by the patient’s caregiver in an electronic diary (eDiary) throughout the double-blind phase. The 

CGI-I scale was used to assess the change in overall seizure control, behavior, safety, and tolerability 

before and after the initiation of trial treatment. Patients were rated by their caregiver and clinician on a 

7-point Likert scale as follows: 1=very much improved, 2=much improved, 3=minimally improved, 4=no 

change, 5=minimally worse, 6=much worse, and 7=very much worse. Prespecified secondary efficacy 

endpoints included the Caregiver Global Impression of Change in Seizure Intensity/Duration (CGI-CSID) 

score, the Caregiver Global Impression of Change in Attention (CGI-CA) score, and the Caregiver Global 

Impression of Change (CGI-C – target behavior) score in parent/caregiver-identified behavioral target, 

and these CGI measures used the same 7-point Likert scale as described for the CGI-I. Safety was 
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evaluated throughout the trial. Adverse events (AEs) were coded to the Medical Dictionary for 

Regulatory Activities (version 23∙0).  

 

Additional prespecified subgroup and exploratory analyses included change from baseline to week 17 in 

28-day MMSF by sex, plasma allopregnanolone sulfate levels at baseline (≤2·5 ng/mL, >2·5 ng/mL and 

<6·0 ng/mL, or ≥6·0 ng/mL), seizure type, and treatment phase (titration and maintenance). 

 

Statistical analysis 

Sample size estimation was based on data from the aforementioned open-label, phase 2 trial 

(NCT02358538) of adjunctive ganaxolone in females with rare genetic epilepsies, including CDD. 

Assuming that the standard deviation for the percentage change in 28-day seizure frequency was 44∙5%, 

a sample size of 100 patients (50 per group) would have 92% power at a one-sided alpha of 0∙025 to 

detect a between-group difference of 30% in the percentage change in 28-day MMSF. Statistical 

significance would be achieved with an estimated between-group difference of 18%. All patients who 

received ≥1 dose of trial treatment were included in the safety and efficacy analyses.  

Seizure data was converted to a 28-day rate, calculated as the total number of seizures in the 

assessment period (eg, baseline, double-blind period) divided by the total number of days with seizure 

data, multiplied by 28. Formal hypothesis testing, along with calculation of p values, was pre-planned 

hierarchically for the primary endpoint and then for two key secondary endpoints sequentially, starting 

with the ≥50% responder rate, followed by the CGI-I scales. Comparison for statistical significance would 

end when the first non-significant result was encountered. The analysis of the primary endpoint, the 

percentage change in 28-day MMSF between baseline and the double-blind phase for ganaxolone vs 

placebo, was conducted using a Wilcoxon rank-sum test (with two-sided alpha of 0∙05). The Hodges-

Lehmann estimate of median difference was used to quantify the extent to which responses in the 
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ganaxolone group shifted from the placebo group. The first key secondary endpoint was the percentage 

of patients with a ≥50% reduction from baseline in primary seizure frequency, analyzed using Fisher’s 

exact test. The next key secondary endpoints were the CGI-I scales (parent/caregiver and clinician) at 

the last scheduled visit in the 17-week double-blind treatment phase, analyzed using ordinal logistic 

regression, with treatment group as a fixed factor; the estimated odds ratios (OR) and corresponding 

95% confidence intervals (CI) were generated. 

 

Up to two interim efficacy analyses were planned using O’Brien-Fleming monitoring boundaries. These 

were to be conducted when 50 and 75 patients were at least 17 weeks post-randomization. Based on 

the hypothesis that the standard deviation for the percent change in 28-day seizure frequency was 

44∙5%, the boundary for terminating the study early because of a lack of benefit was an estimated 

treatment difference (ganaxolone – placebo) of ‒10% for the percent reduction in 28-day seizure 

frequency at 50 patients and 1% reduction for the estimated treatment difference at 75 patients. The 

boundary for terminating the study early because of benefit was a Z-value of 3∙73 (with 1-sided nominal 

p-value=0∙0001) at 50 patients and a Z-value of 3∙03 (with 1-sided nominal p-value 0∙0012) at 75 

patients. When the standard deviation is 44∙5%, this boundary was an estimated treatment difference of 

47% reduction at 50 patients and 32% reduction at 75 patients. All statistical analyses were performed 

using SAS software (SAS Institute, Cary, NC; version 9·4). 

 

Role of the funding source 

The sponsor, in collaboration with investigators and other experts, contributed to the design of the trial; 

data collection, analysis, and interpretation; verification of the data; and writing of this report. Authors 

had full access to all trial data, and the corresponding author had the final responsibility for the decision 

to submit this report for publication. 
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Results 

The study was conducted between June 25, 2018 and July 2, 2020. One hundred and fourteen patients 

were screened for eligibility, of which 101 were randomized to adjunctive ganaxolone (n=50) or placebo 

(n=51) (figure 1). After the first interim efficacy analysis, the study was allowed to continue without 

modification. The second interim analysis was not performed because the assessment would have taken 

place after study enrollment was completed. There were no protocol violations that led to 

discontinuation during the study or had any meaningful impact on the integrity or ability to interpret the 

data. All patients received a dose of trial drug and were included in the intention-to-treat and safety 

analysis populations. Seventeen patients received trial drug by percutaneous endoscopic gastrostomy 

(10 on ganaxolone and 7 on placebo). One patient randomized to ganaxolone experienced seizures 

during the 6-week baseline period, but the frequency of those seizures was not recorded. Thus, all 

seizure-related efficacy endpoints, including the primary endpoint, were based on data from 100 

patients (ganaxolone, n=49; placebo, n=51).  

 

Baseline demographic and disease characteristics are shown in table 1. Of the 101 patients, 79% were 

female, and the median (interquartile range [IQR]) age was 6 years (3 to 10). Patients had previously 

received a median of seven (IQR: 5 to 10) ASMs and were on a median of two (IQR: 1 to 3) concomitant 

ASMs during the trial. During the 6-week baseline period, the median (IQR) 28-day MMSF in the 

ganaxolone and placebo groups was 54∙0 (31∙3 to 147∙3) and 49∙2 (18∙7 to 120∙0), respectively, with an 

estimated difference in MMSF of 12∙0 (Hodges-Lehmann estimate of median difference, 95% CI: −8∙4, 

32∙7). 
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At the end of the titration phase, 40 of 50 patients in the ganaxolone group and 42 of 51 patients in the 

placebo group achieved the target dose of 63 mg/kg/day or 1800 mg/day (dosing dependent on weight). 

A total of 95 patients (94%) completed the 17-week double-blind phase (figure 1). Two patients in the 

ganaxolone group discontinued the trial, one due to a treatment-emergent AE (TEAE; seizure) and one 

due to withdrawal of consent. Additionally, 1 patient in the ganaxolone group discontinued study drug 

due to an adverse event but continued in the study until the end of the double-blind phase. All four trial 

discontinuations in the placebo group were attributable to TEAEs (seizure, n=2; unresponsive to stimuli, 

n=1; abdominal pain/respiratory failure/sedation, all n=1). 

 

At the end of the 17-week double-blind phase, the median (IQR) 28-day MMSF was 45∙0 (23∙5 to 106∙3) 

in the ganaxolone group and 55∙5 (21∙6 to 124∙7) in the placebo group. Compared with the 6-week 

baseline period, patients in the ganaxolone and placebo group experienced a median (IQR) reduction in 

MMSF of 30∙7% (49∙5 to 1∙9) and 6∙9% (24∙1 to ‒39∙7), respectively (p=0∙0036). The Hodges-Lehmann 

estimate of median difference in responses between ganaxolone and placebo was 27∙1% (95% CI: 9∙6, 

47∙9). 

 

Because the primary endpoint was met, formal statistical analysis of the first key secondary endpoint 

(≥50% responder rate) was permitted, according to the hierarchical gate-keeping procedure as 

previously described. The percentage of patients with ≥50% reduction between baseline and week 17 in 

MMSF was 24% (12/49) for ganaxolone and 10% (5/51) for placebo (p=0∙0643), corresponding to a 

difference of 14.7% (95% CI: ‒4∙7, 33∙8) (figure 2). Seizure reductions in the ganaxolone group and 

placebo group along the entire MMSF response curve are shown in figure 2. No patient in the trial 

achieved 100% reduction (ie, seizure freedom). For the CGI-I caregiver-administered scale, 63% (30/48) 

of patients in the ganaxolone group were rated as minimally improved or better compared with 44% 
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(21/48) of patients in the placebo group (OR, 1∙87; 95% CI: 0∙89, 3∙91). For the CGI-I clinician-

administered scale, 54% (26/48) of patients in the ganaxolone group were rated as minimally improved 

or better compared with 42% (20/48) of patients in the placebo group (OR, 1∙41; 95% CI: 0∙68, 2∙94). The 

median (IQR) change from baseline in percentage of major motor seizure-free days was 4∙9 (0∙0 to 15∙6) 

for patients in the ganaxolone group and 0∙2 (–3∙0 to 15∙2) for patients in the placebo group. Results for 

other secondary endpoints, including the CGI assessments, are shown in table 2 and supplemental 

figures 2 (CGI-I), 3 (CGI-CSID), 4 (CGI-CA), and 5 (CGI-C). Additionally, a higher proportion of patients in 

the ganaxolone group experienced minimal improvements or better on all secondary endpoint CGI’s 

specific to seizure intensity and duration, attention, and selected target behavior. Percentage change 

from baseline in 28-day MMSF during the 17-week double-blind phase for sex, allopregnanolone sulfate 

levels, and seizure type subgroups, and for the titration and maintenance periods, are shown in 

supplemental table 2. The median (IQR) percentage reduction from baseline in 28-day seizure frequency 

for all seizure types combined was 19∙1% (‒8∙6, 43∙5) for ganaxolone and 8∙9% (‒29∙1, 28∙7) for placebo 

(Hodges-Lehmann estimate of median difference, 17∙4%; 95% CI: ‒0∙3, 36∙4). During the titration period 

(weeks 1–4), the median (IQR) percentage reduction from baseline in 28-day MMSF was 35∙1% (48∙2 to 

10∙9) for ganaxolone and 13∙9% (36∙5 to ‒28∙0) for placebo (Hodges-Lehmann estimate of median 

difference, 18∙7%; 95% CI: 1∙8, 34∙8). The corresponding reductions in 28-day MMSF during the 

maintenance period (weeks 5–17) were 29∙4% (65∙8 to ‒1∙0) and 6∙5% (26∙8 to ‒38∙5) (Hodges-Lehmann 

estimate of median difference, 29∙3%; 95% CI: 8∙9, 51∙5). Results when stratified by baseline 

allopregnanolone sulfate levels were consistent with those for all patients.  

 

TEAEs were reported in 86% of patients (n=43) in the ganaxolone group and 88% of patients (n=45) in 

the placebo group (table 3), the majority of which were mild or moderate in severity. TEAEs reported in 

≥10% of patients in either the ganaxolone or placebo group and more frequently with ganaxolone were 
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somnolence (36% [n=18] vs 16% [n=8] for ganaxolone and placebo groups, respectively); pyrexia (18% 

[n=9] vs 8% [n=4]), and upper respiratory tract infections (10% [n=5] vs 6% [n=3]). TEAEs leading to dose 

reduction or temporary discontinuation of trial drug were reported in 22% (n=11) of patients in the 

ganaxolone group and 16% (n=8) of those in the placebo group. TEAEs leading to dose reduction or 

temporary discontinuation of the trial drug reported in more than one patient overall were limited to 

somnolence (ganaxolone, n=4) and insomnia (placebo, n=2). No deaths were reported in either 

treatment group during the double-blind period. 

 

Serious treatment-emergent adverse events (SAEs) were reported in 12% of patients (n=6) in the 

ganaxolone group and 10% of patients (n=5) in the placebo group. One SAE in the ganaxolone group, 

decreased oxygen saturation, was considered treatment-related. In the placebo group, one patient 

experienced episodes of hypotonia, unresponsiveness, or hypoxia that were considered related to study 

treatment.  

 

There were no significant findings related to clinical laboratory evaluations; vital signs (including 

weight); physical, neurological, and developmental examinations; or ECG. 

 

Discussion 

This is the first randomized, placebo-controlled trial to evaluate a treatment for CDD-associated 

seizures. For the primary endpoint, there was a significantly greater reduction from baseline in 28-day 

MMSF with ganaxolone versus placebo (median reduction: 30∙7% vs 6∙9%; p=0∙0036). Furthermore, anti-

seizure effects were observed during the 4-week titration period (median reduction from baseline of 

35∙1% vs 13∙9% in ganaxolone vs placebo groups, respectively) and they persisted through the 13-week 

maintenance period (median reduction from baseline: 29∙4% vs 6∙5%). A higher proportion of patients 
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on ganaxolone demonstrated improvements on all CGI scales assessing overall improvement, attention, 

target behavior, and seizure intensity and duration. These results are notable given that patients had a 

high seizure burden at baseline, with a median 28-day MMSF of 49∙2 in the placebo group and 54∙0 in 

the ganaxolone group at baseline, as well as having received a median of seven prior ASMs, reflecting 

their significant need for effective treatment of CDD-associated seizures.  

 

The 6∙9% reduction in 28-day MMSF observed in the placebo group is lower than placebo-response rates 

observed in other pediatric epilepsy studies.33-35 One possible explanation for the lower placebo-

response rate in this trial is the highly refractory nature of epilepsy in patients with CDD.21,22 Another 

recent placebo-controlled trial evaluating ataluren in CDD found that patients in the placebo group had 

a 9% median reduction from baseline in motor seizure frequency.36 Additionally, this trial included an 8-

week historical seizure period (eDiary) which was used to determine eligibility rather than the 

prospective baseline on which seizure frequency reduction calculations were based. This may have 

reduced the influence of regression to the mean on response. 

 

The rate of patients with ≥50% reduction from baseline in MMSF for ganaxolone (24% [n=12]) relative to 

placebo (10% [n=5]) did not achieve statistical significance. Therefore, testing for statistical significance 

was not performed for the subsequent key endpoints in the pre-specified hierarchical testing procedure.  

 

Adjunctive ganaxolone oral suspension administered three times daily was generally well tolerated, with 

the majority of TEAEs categorized as mild or moderate in severity. The percentages of patients who had 

dose reductions or temporary discontinuations due to TEAEs were generally comparable between 

groups, and fewer than 5% of patients in the ganaxolone group discontinued treatment due to a TEAE. 

Other than somnolence, pyrexia, and upper respiratory tract infections, which were more common 
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among patients in the ganaxolone group, TEAEs generally occurred at a similar frequency in the 

ganaxolone and placebo groups. Importantly, there were no deaths during the double-blind phase. The 

safety profile of adjunctive ganaxolone in patients with CDD was consistent with that observed in the 

overall ganaxolone clinical development program.26  

 

As with other randomized, placebo-controlled clinical trials of ASMs, there are a several limitations, 

including the relatively short treatment duration, the potentially confounding use of different 

concomitant ASMs and no formal assessment of concomitant ASM levels, and the inclusion of different 

geographical regions. The maintenance period of 13 weeks is similar to the 12-week maintenance most 

often used in trials of ASMs.37 The relatively low number of patients enrolled in this trial is another 

limitation. CDD is a rare disorder, and in clinical trials investigating rare conditions, median participant 

enrollment is 61, with nearly 75% of completed clinical trials enrolling fewer than 100 patients.38 

Therefore, the Marigold trial population size is consistent with that in previous studies of other rare 

conditions. Data from the ongoing, open-label phase of this trial should provide additional insights 

regarding the extended use of ganaxolone in patients with CDD. Additional analyses are also underway 

to examine the effects of ganaxolone on quality of life and adaptive functioning. 

 

In summary, patients with CDD commonly experience refractory seizures despite the use of existing 

ASMs, underscoring the need for new, evidence-based treatments. Results from this phase 3 trial 

provide clinical evidence that ganaxolone is generally well tolerated and effective in reducing the 

frequency of major motor seizures, supporting the potential for ganaxolone as a treatment option for 

patients with CDD-associated refractory epilepsy. 
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Table 1: Baseline demographic and disease characteristics 

 Ganaxolone 
(n=50) 

Placebo 
(n=51) 

Median age, years (IQR) 5∙0 (3∙0 to 10∙00) 7∙0 (4∙0 to 11∙0) 

Sex, n (%)   

Male 11 (22) 10 (20) 

Female 39 (78) 41 (80) 

Ethnicity, n (%)   

Hispanic or Latino 4 (8) 6 (12) 

Not-Hispanic or Latino 44 (88) 43 (84) 

Unknown 1 (2) 1 (2) 

Not reported 1 (2) 1 (2) 

Race, n (%)   

White 46 (92) 47 (92) 

Asian 2 (4) 3 (6) 

Other 2 (4) 1 (2) 

Major motor seizure types during 
the study, patient no. (%)a 

  

Bilateral tonic  35 (71) 39 (76) 

Generalized tonic-clonic 24 (49) 20 (39) 

Atonic/drop 9 (18) 12 (24) 

Bilateral clonic 6 (12) 3 (6) 

Focal to bilateral tonic-clonic 7 (14) 6 (12) 

Median 28-day major motor seizure 
frequency, n (IQR)a,b 

54∙0 (31∙3 to 147∙3) 49∙2 (18∙7 to 120∙0) 

Median number of prior ASMs used, 
n (IQR) 

7 (5 to 10) 7 (4 to 9) 

Median number of concomitant 
ASMs, n (IQR) 

2 (2 to 4) 2 (1 to 3) 

Concomitant ASMs, n (%)   

Valproate  18 (36) 16 (31) 

Levetiracetam 13 (26) 13 (25) 

Clobazam 12 (24) 13 (25) 

Vigabatrin 10 (20) 12 (24) 

ASM=anti-seizure medication; IQR=interquartile range. 
aOne patient randomized to ganaxolone experienced seizures during the 6-week baseline period (seizure 
frequency not recorded). 
bDetermined during the 6-week baseline period. 
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Table 2: Primary and secondary outcomes in the double-blind phase 

 Ganaxolone 
(n=50) 

Placebo 
(n=51) 

Ganaxolone–Placeboa 

or Odds Ratiob  
(95% CI) 

p-value 

Primary efficacy endpoint     

Percentage reduction from 
baseline to week 17 in 28-day 
major motor seizure frequency, n 

49 51   

Median (IQR)  30∙7 (49∙5 to 
1∙9) 

6∙9 (24∙1 to 
‒39∙7) 

27∙1 (9∙6, 47∙9) 0∙0036c 

Key secondary efficacy endpoints     

≥50% reduction from baseline in 
major motor seizure frequency, n 

49 51   

n (%) 12 (24) 5 (10) 14∙7 (‒4∙7, 33∙8) 0∙0643d 

Clinical Global Impression of 
Improvement score at  
week 17, n 

48 48   

Parent or caregiver rating     

Very much improved, n (%) 0 1 (2)   

Much improved, n (%) 13 (27) 7 (15)   

Minimally improved, n (%) 17 (35) 13 (27)   

No change, n (%) 14 (29) 22 (46)   

Minimally worse, n (%) 2 (4) 4 (8)   

Much worse, n (%) 2 (4) 1 (2)   

Very much worse, n (%) 0 0   

Minimally improved or 
better, n (%) 

30 (63) 21 (44) 1∙87 (0∙89, 3∙91) ― 

Clinician rating, n (%)     

Very much improved, n (%) 0 0   

Much improved, n (%) 7 (15) 7 (15)   

Minimally improved, n (%) 19 (40) 13 (27)   

No change, n (%) 16 (33) 19 (40)   

Minimally worse, n (%) 2 (4) 9 (19)   

Much worse, n (%) 3 (6) 0   

Very much worse, n (%) 1 (2) 0   

Minimally improved or 
better, n (%) 

26 (54) 20 (42) 1∙41 (0∙68, 2∙94) ― 

Secondary seizure control 
endpoints 

    

Change from baseline to week 17 
in percentage of seizure-free days, 
based on major motor seizure 
types, n 

49 50   

Median (IQR) 4∙9 (0∙0 to 
15∙6) 

0∙2 (‒3.0 to 
15∙2) 

1∙7 (‒2∙7, 7∙8) ― 

Caregiver Global Impression of 
Change in Seizure 

45 47   
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Intensity/Duration score at week 
17, n 

Very much improved, n (%) 2 (4) 1 (2)   

Much improved, n (%) 15 (33) 5 (11)   

Minimally improved, n (%) 11 (24) 11 (23)   

No change, n (%) 10 (22) 21 (45)   

Minimally worse, n (%) 3 (7) 5 (11)   

Much worse, n (%) 2 (4) 4 (9)   

Very much worse, n (%) 2 (4) 0   

Minimally improved or better, n 
(%) 

28 (62) 17 (36) 2∙56 (1∙20, 5∙45) ― 

Secondary 
behavioral/neuropsychiatric 
endpoints 

    

Caregiver Global Impression of 
Change in Attention score at week 
17, n  

45 47   

Very much improved, n (%) 1 (2) 1 (2)   

Much improved, n (%) 2 (4) 7 (15)   

Minimally improved, n (%) 21 (47) 14 (30)   

No change, n (%) 18 (40) 23 (49)   

Minimally worse, n (%) 1 (2) 1 (2)   

Much worse, n (%) 1 (2) 1 (2)   

Very much worse, n (%) 1 (2) 0   

Minimally improved or better, n 
(%) 

24 (53) 22 (47) 0∙97 (0∙45, 2∙09) ― 

Caregiver Global Impression of 
Change in parent or caregiver 
identified behavioral target score 
at week 17 (potential domains 
include sociability, communication, 
irritability, and hyperactivity), n 

45 46   

Very much improved, n (%) 0 0   

Much improved, n (%) 4 (9) 6 (13)   

Minimally improved, n (%) 20 (44) 14 (30)   

No change, n (%) 19 (42) 22 (48)   

Minimally worse, n (%) 2 (4) 1 (2)   

Much worse, n (%) 0 2 (4)   

Very much worse, n (%) 0 1 (2)   

Minimally improved or better, n 
(%) 

24 (53) 20 (43) 0∙94 (0∙44, 2∙01) ― 

CI=confidence interval; IQR=interquartile range. 
aHodges-Lehmann estimate of median difference (95% confidence interval). 
bOrdinal logistic regression model. 
cWilcoxon rank-sum test. 
dFisher’s exact test. 
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Table 3: Safety summary 

Patients, n (%) Ganaxolone (n=50) Placebo (n=51) 

Any TEAEa 43 (86) 45 (88) 

Somnolence 18 (36) 8 (16) 

Pyrexia 9 (18) 4 (8) 

Seizure 7 (14) 9 (18) 

Vomiting 5 (10) 10 (20) 

Upper respiratory tract infection 5 (10) 3 (6) 

Constipation 3 (6) 3 (6) 

Salivary hypersecretion 3 (6) 1 (2) 

Sedation 3 (6) 2 (4) 

Ear infection 2 (4) 3 (6) 

Rash 2 (4) 4 (8) 

Rhinitis 2 (4) 4 (8) 

Diarrhea 1 (2) 4 (8) 

Respiratory tract infection viral 1 (2) 3 (6) 

Urinary tract infection 1 (2) 3 (6) 

Cough 0 3 (6) 

Gastroesophageal reflux disease 0 3 (6) 

Nasopharyngitis 0 5 (10) 

Treatment-related TEAEa 35 (70) 22 (43) 

Somnolence 17 (34) 3 (6) 

Seizure 4 (8) 4 (8) 

Constipation 3 (6) 0 

Salivary hypersecretion 3 (6) 1 (2) 

Sedation 3 (6) 2 (4) 

Any serious TEAE 6 (12) 5 (10) 

Bronchitis 1 (2) 0 

Rhinovirus infection 1 (2) 0 

Urinary tract infection 1 (2) 0 

Pneumonia mycoplasmal 0 1 (2) 

Pneumonia viral 0 1 (2) 

Respiratory syncytial virus bronchiolitis 0 1 (2) 

Oxygen saturation decreased 1 (2) 0 

Food refusal 1 (2) 0 

Pneumonia aspiration 1 (2) 0 

Hypoxia 0 1 (2) 

Faecaloma 0 1 (2) 

Hypotonia 0 1 (2) 

Seizure 0 1 (2) 

Unresponsive to stimuli 0 1 (2) 

TEAE leading to study drug discontinuation 2 (4)b 4 (8) 
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TEAE leading to dose reduction or 
temporary treatment discontinuation 

11 (22) 8 (16) 

TEAE leading to death 0 0 
TEAE=treatment-emergent adverse event.  
Patients could have more than one TEAE. 
aPreferred terms reported in ≥5% of patients in either treatment group are presented. 
bOne additional patient in the ganaxolone group discontinued study drug due to a TEAE (somnolence), but 
remained in the study. 
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Figure 1: Trial profile 

 
 
TEAE=treatment-emergent adverse event. 
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Figure 2: MMSF response curve including key secondary efficacy outcome  

  
 
MMSF= major motor seizure frequency. 
First key secondary outcome was response rate (≥50% reduction in major motor seizure frequency between 
baseline and week 17). See supplemental figure 1 for second key secondary outcome, Clinical Global Impression 
Scale of Improvement (CGI-I) scores at week 17.  
aFisher's exact test. 
bDifference (95% confidence interval). 
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SUPPLEMENTAL APPENDIX 

Supplemental table 1: Inclusion/exclusion criteria  

Inclusion criteria 

• Patients must have (a) molecular confirmation of a pathogenic or likely pathogenic CDKL5 variant, early onset, difficult to control seizures, 

and neurodevelopmental impairment are required. The principal investigator (PI) must review the results of the genetic analysis and 

confirm that gene mutation is likely to be the cause of the epilepsy syndrome. If the patient has a de novo variant of unknown 

significance (VUS) in the kinase domain of the CDKL5, parental testing is negative and meets all other inclusion criteria, then the subject 

can be included. Genetic mutations will be confirmed by the sponsor’s chosen central laboratory. In France, genetic mutations may be 

confirmed by an approved French organization, in compliance with French legislation prior to Screening Visit 1. Patients must have (b) 

seizure onset by 1 year of age and (c) lack of independent ambulation by 2 years of age. 

• Male or female patients aged 2 through 21 years, inclusive. 

• Subject/parent or LAR willing to give written informed consent/assent, after being properly informed of the nature and risks of the study 

and prior to engaging in any study-related procedures. 

• Failure to control seizures despite appropriate trial of 2 or more anti-seizure mediations at therapeutic doses. 

• Have at least 16 seizures of primary seizure types: bilateral tonic (sustained motor activity ≥3 seconds), generalized tonic-clonic, bilateral 

clonic, atonic/drop or focal to bilateral tonic-clonic per 28 days in each 1-month period in the 2-month period prior to screening. 

• Subject must be approved to participate by sponsor and/or designee (i.e., Epilepsy Consortium) after review of medical history, genetic 

testing, seizure classification, and historical seizure calendars. 

• Participants should be on a stable regimen of 0‒4 anti-seizure medications (ASMs, including moderate or strong inducer or inhibitor anti-

seizure medications eg, carbamazepine, phenytoin, etc) for ≥1 month prior to the screening visit, without a foreseeable change in dosing 

for the duration of the double-blind phase. Vagus nerve stimulator (VNS), ketogenic diet, and modified Atkins diet do not count towards 

this limit but must be unchanged for 3 months prior to screening. 

• Subjects with surgically implanted VNS will be allowed to enter the study provided that all of the following conditions are met: a. The VNS 

has been in place for ≥1 year prior to the screening visit; b. The settings must have remained constant for 3 months prior to the screening 

visit and remain constant throughout the double-blind phase; c. The battery is expected to last for the duration of the double-blind 

phase. 

• Felbamate: The use of felbamate is allowed provided that the subject has been maintained on a stable dose of felbamate for > 6 months 

and has had stable liver function (aspartate aminotransferase [AST] and alanine aminotransferase [ALT]) and hematology during the 

course of treatment, and is expected to remain constant throughout the double-blind phase. 

• Parent/caregiver able and willing to maintain an accurate and complete daily electronic seizure calendar for the duration of the study. 

• Able and willing to take investigational product with food 3 times daily. Ganaxolone must be administered with food. 
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• Sexually active female of childbearing potential must be using a medically acceptable method of birth control and have a negative 

quantitative serum β-human chorionic growth hormone (β-HCG) test collected at the initial screening visit. Childbearing potential is 

defined as a female who is biologically capable of becoming pregnant. A medically acceptable method of birth control includes 

intrauterine devices in place for at least 3 months prior to screening, surgical sterilization, or adequate barrier methods (eg, diaphragm 

and foam). An oral contraceptive alone is not considered adequate for the purpose of this study. Hormonal oral contraceptives must also 

be used when a condom is used. In subjects who are not sexually active, abstinence is an acceptable form. 

Exclusion criteria 

• Previous exposure to ganaxolone. 

• Pregnant or breastfeeding. 

• West Syndrome with hypsarrhythmia pattern on EEG or seizures predominantly of Infantile Spasm (IS) type; if EEG pattern/seizure type is 

uncertain, study inclusion should be reviewed and determined by the sponsor/sponsor delegate. 

• Concurrent use of adrenocorticotropic hormone (ACTH), prednisone or other glucocorticoid is not permitted, nor use of moderate or 

strong inducers or inhibitors of CYP3A4/5/7. Moderate or strong inducer or inhibitor ASMs will be allowed (eg, carbamazepine, 

phenytoin, etc) 

• Patients on ACTH, prednisone or other systemically (non-inhaled) administered steroids should be off the product greater than 28 days 

prior to screening. Concomitant PRN topical or intranasal steroids for dermatologic reactions and allergic rhinitis are allowed and do not 

warrant exclusion from the study. 

• Subjects with a positive result on tetrahydrocannabinol (THC) or cannabidiol (CBD) test (via urine or plasma drug screen) at the screening 

visit, and a positive result on THC or CBD test (via plasma) at the baseline visit without prescription for Epidiolex (may go by another 

name in countries outside the United States) in epilepsy will be excluded from the study. Concomitant Epidiolex (CBD) use will be allowed 

in the double-blind phase provided the subject has been on a stable dose for at least 1 month prior to screening and is expected to 

remain on a stable dose without a foreseeable change for the duration of the double-blind phase. THC and/or CBD will be allowed in the 

open-label phase. 

• Use of dietary supplements or herbal preparations are not permitted if subject has been using them consistently for less than 3 months 

prior to screening or does not plan on remaining on stable doses for the duration of the double-blind phase. Use of St. John’s Wort is not 

permitted. 

• Changes in ASMs within the last month prior to screening. All ASMs must be stable in dose for at least 1-month prior to screening unless 

otherwise noted. 

• Have an active CNS infection, demyelinating disease, degenerative neurological disease, or CNS disease deemed progressive as evaluated 

by brain imaging (magnetic resonance imaging [MRI]). 
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• Have any disease or condition (medical or surgical; other than CDKL5) at screening that might compromise the hematologic, 

cardiovascular, pulmonary, renal, gastrointestinal, or hepatic systems; or other conditions that might interfere with the absorption, 

distribution, metabolism, or excretion of the investigational product, or would place the subject at increased risk. 

• An AST (serum glutamic oxaloacetic transaminase [SGOT]) or ALT (serum glutamic pyruvic transaminase [SGPT]) greater than 3 times the 

upper limit of normal (ULN) at study entry. If AST or ALT increases > 3 times ULN during the study, subject should be followed with weekly 

laboratory repeat testing and continue in study if levels trending down. Subject will be discontinued if levels do not decline to under 3 x 

ULN. 

• Total bilirubin levels greater than ULN at study entry. In cases of documented, stable medical condition (i.e., Gilbert’s Syndrome) resulting 

in levels of total bilirubin greater than ULN, the medical monitor can determine if a protocol exception can be made. If total bilirubin 

increases to 1.5 x ULN or more during study, the subject will be discontinued. 

• Subjects with significant renal insufficiency, estimated glomerular filtration rate (eGFR) < 30 mL/min (calculated using the Cockcroft-Gault 

formula, Pediatric GFR calculator or Bedside Schwartz), will be excluded from study entry or will be discontinued if the criteria is met post 

baseline. 

• Have been exposed to any other investigational drug within 30 days or less than 5 half-lives prior to screening. 

• Unwillingness to withhold grapefruit, Seville oranges or star fruit from diet during the entire clinical trial. 

• Unwillingness to withhold alcohol throughout the entire clinical trial. 

• Have active suicidal plan/intent or have had active suicidal thoughts in the past 6 months or a suicide attempt in the past 3 years. 

• Known sensitivity or allergy to any component in the investigational product(s), progesterone or other related steroid compounds. 

• Plasma allopregnanolone sulfate (Allo-S) levels ≥ 6.0 ng/ml at the screening visit. 

β-HCG=β-human chorionic growth hormone; ACTH=adrenocorticotropic hormone; Allo-S=allopregnanolone sulfate; ALT=alanine aminotransferase; 

ASMs=antiseizure medications; AST=aspartate aminotransferase; CBD=cannabidiol; CNS=central nervous system; EEG=electroencephalogram; eGFR=estimated 

glomerular filtration rate; IS=infantile spasms; LAR=legally authorized representative; MRI=magnetic resonance imaging; PRN=as needed; SGOT=serum 

glutamic oxaloacetic transaminase; SGPT=serum glutamic pyruvic transaminase; THC=tetrahydrocannabinol; ULN=upper limit of normal; VNS=vagus nerve 

stimulator; VUS=variant of unknown significance. 
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Supplemental table 2: Prespecified subgroup/exploratory analyses of median percentage change from 

baseline in 28-day seizure frequency by subgroup 

  Ganaxolone Placebo 

Ganaxolone–Placebo  

(95% CI)a 

Sexb 

Female −27∙5% (n=38) −10∙2% (n=41) −22∙2c (-48∙4, −1∙4) 

Male −32∙0% (n=11) 7∙5% (n=10) −42∙1c (−95∙2, −8∙4) 

Allopregnanolone sulfateb     

Patients with baseline levels 

≤2.5 ng/mL 
−25∙4% (n=39) −9∙5% (n=37) −21∙0d (−47∙3, 2∙2) 

Patients with baseline levels 

>2.5 and <6.0 ng/mL 
−40∙9% (n=5) −3∙5% (n=12) −48∙0d (−149∙4, −16∙8) 

Patients with baseline levels 

≥6.0 ng/mLc 
−34∙3% (n=4) 8∙9% (n=2) −47∙9d (−83∙1, 6∙2) 

Seizure typeb  

All seizure types −19∙1% (n=49) −8∙9% (n=51) −17∙4d (−36∙4, 0∙3) 

Bilateral tonice −30∙7% (n=35) −11∙6% (n=39) −16∙8d (−39∙5, 6∙6) 

Generalized tonic-clonice −34∙5% (n=24) 13∙4% (n=20) −47∙9d (−86∙8, −3∙5) 

Atonice −80∙5% (n=9) −18∙7% (n=12) −49∙2d (−108∙7, 64∙2) 

Focal to bilateral tonic-clonice −60∙1% (n=7) 121∙5% (n=6) −150∙0d (−2445, −9∙0) 

Bilateral clonice −100% (n=6) 59∙1% (n=3) −159∙1d (−488∙5, −61∙0) 

Myoclonic −41∙9% (n=13) −20∙6% (n=13) −28∙4d (−118∙0, 30∙2) 

Epileptic spasms 1∙6% (n=12) −3∙7% (n=10) 12∙6 (−67∙8, 104∙7) 

Focal motor with intact 

awareness or altered awareness 
−16∙2% (n=10) −52∙6% (n=6) 36∙4 (−43∙5, 1110) 

Absence −49∙9% (n=7) −33∙5% (n=2) −16∙5d (−61∙4, 141∙8) 

Focal non-motor with altered 

awareness 
−96∙9% (n=3) −66∙9% (n=4) −16∙4d (−52∙9, 67∙2) 

Treatment phasef 

4-week titration period −35∙1% (n=49) −13∙9% (n=51) −18∙7d (−34∙8, −1∙8) 

13-week maintenance period −29∙4% (n=49) −6∙5% (n=51) −29∙3d (−51∙5, −8∙9) 

Note: 6-week baseline period. 

CI=confidence interval; MMSF=major motor seizure frequency. 
aHodges-Lehmann estimate of median difference (95% confidence interval). 
bMedian percentage change from baseline in 28-day major motor seizure frequency over 17 weeks. 
cAfter enrollment started, the protocol was amended to exclude patients with allopregnanolone sulfate levels ≥6.0 

ng/mL at screening. 
dFavors ganaxolone group. 
eIndicates a major motor seizure included in the primary efficacy endpoint. 
fMedian percentage change from baseline in 28-day major motor seizure frequency at end of treatment phase.
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Supplemental figure 1: Trial design 

  
CDD=CDKL5 deficiency disorder; R=randomization.  
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Supplemental figure 2: Clinical global impression of improvement (CGI-I) scores at week 17  

 

 

CI=confidence interval; OR=estimated odds ratio.  

CGI-I scale score at week 17 per caregiver (OR, 1∙87; 95% CI: 0∙89, 3∙91) and clinician (OR, 1∙41; 95% CI: 0∙68, 2∙94) 

assessments for patients in the ganaxolone group compared with placebo. 
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Supplemental figure 3: Caregiver Global Impression of Change in Seizure Intensity/Duration (CGI-CSID) 

score at week 17 

  
 
CI=confidence interval; OR=estimated odds ratio.  

CGI-CSID score at week 17 (OR, 2∙56; 95% CI: 1∙20, 5∙45) per caregiver assessment for patients in the ganaxolone 

group compared with placebo.  
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Supplemental figure 4: Caregiver Global Impression of Change in Attention (CGI-CA) score at week 17 

  
 
CI=confidence interval; OR=estimated odds ratio.  

CGI-CA score at week 17 (OR, 0∙97; 95% CI: 0∙45, 2∙09) per caregiver assessment for patients in the ganaxolone 

group compared with placebo.  
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Supplemental figure 5: Caregiver Global Impression of Change (CGI-C) in parent/caregiver identified 

target behavior score at week 17 

 
 

CI=confidence interval; OR=estimated odds ratio.  

CGI-C score at week 17 (OR, 0∙94; 95% CI: 0∙44, 2∙01) per caregiver assessment for patients in the ganaxolone 

group compared with placebo. 


