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Graphical abstract

� Enters the CNS and reverses the 
inhibitory effects of neuroactive
steroids on brain function in 
humans

� Normalizes an elevated
GABAergic tone, independent of
ammonia

� Improves cognitive function

Cirrhosisis a growing problem
and an end-stage disease

Current drugs are targeting elevated
ammonia levels

Increased production
of allopregnanolone

Ammonia, inflammation

Golexanolone: the only HE drug directly targeting CNS

Golexanolone in HE
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is a central driver of HE
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Cirrhosis
Highlights
with cognition, for which there is
no approved treatment, might be
� Herein, we report findings from a pilot phase IIa study of golex-
anolone, a GABA-A receptor-modulating steroid antagonist, in clin-
ical development for HE.

� Golexanolone was generally well tolerated and seemed to improve
neuropsychiatric performance.

� These findings support a role for neurosteroids in the pathogenesis
of HE-related sleepiness and vigilance.

� The results also suggest a role for golexanolone in the treatment of
neurosteroid-mediated vigilance and cognitive disorders including
HE.
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Lay summary
Many patients with cirrhosis expe-
rience subtle but disabling cogni-
tive problems, including sleepiness
and poor attention span, that
impair their ability to be gainfully
employed or carry out activities of
daily living. This pilot study tested
the hypothesis that these problems

improved by an experimental drug,
golexanolone, designed to
normalize the function of receptors
which inhibit brain function. The
results of this study suggest that
golexanolone is well tolerated and
may improve cognition, as reflected
by measures of sleepiness, atten-
tion span and brain wave activity,
paving the way for future larger
studies of this promising experi-
mental drug.
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Background & Aims: Golexanolone is a novel small molecule
GABA-A receptor-modulating steroid antagonist under develop-
ment for the treatment of cognitive and vigilance disorders
caused by allosteric over-activation of GABA-A receptors by
neurosteroids. It restored spatial learning and motor coordina-
tion in animal models of hepatic encephalopathy (HE) and
mitigated the effects of intravenous allopregnanolone in healthy
adults in a dose-dependent fashion. Herein, we report data on
the safety, pharmacokinetics (PK) and efficacy of golexanolone in
adult patients with cirrhosis.
Methods: Following single/multiple ascending dose studies,
adults with Child-Pugh A/B cirrhosis and abnormal continuous
reaction time (CRT) on screening were randomized to 3 weeks’
dosing with golexanolone (10, 40 or 80 mg BID) or placebo. CRT,
psychometric hepatic encephalopathy score (PHES), animal
naming test (ANT), Epworth sleepiness scale (ESS) and electro-
encephalogram (mean dominant frequency [MDF]; delta+theta/
alpha+beta ratio [DT/AB]) were obtained at baseline, 10, and 21
days.
Results: Golexanolone exhibited satisfactory safety and PK.
Baseline characteristics were similar between the 12 and 33
patients randomized to placebo or golexanolone, respectively. By
prespecified analyses, golexanolone was associated with direc-
tionally favourable changes vs. placebo in ESS (p = 0.047), MDF
(p = 0.142) and DT/AB (p = 0.021). All patients also showed

directionally favourable changes in CRT, PHES and ANT, but with
no statistical difference between golexanolone and placebo. Post
hoc analyses taking into account the variability and improvement
in CRT, PHES and ANT observed between screening and baseline
suggested an efficacy signal by cognitive measures as well.
Conclusion: Golexanolone was well tolerated and associated
with improvement in cognitive performance. These results
implicate GABA-A receptor-modulating neurosteroids in the
pathogenesis of HE and support the therapeutic potential of
golexanolone.
Lay summary: Many patients with cirrhosis experience subtle
but disabling cognitive problems, including sleepiness and poor
attention span, that impair their ability to be gainfully employed
or carry out activities of daily living. This pilot study tested the
hypothesis that these problems with cognition, for which there
is no approved treatment, might be improved by an experi-
mental drug, golexanolone, designed to normalize the function
of receptors which inhibit brain function. The results of this
study suggest that golexanolone is well tolerated and may
improve cognition, as reflected by measures of sleepiness,
attention span and brain wave activity, paving the way for future
larger studies of this promising experimental drug.
Clinical trial registration number: EudraCT 2016-003651-30.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of Euro-
pean Association for the Study of the Liver. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction
Hepatic encephalopathy (HE) is defined as brain dysfunction due
to acute and chronic liver disease.1 Its pathophysiology is multi-
factorial and, while lowering of plasma ammonia levels reduces
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the risk and frequency of overt HE events,2,3 recent studies
suggest that the effects on the brain of hyperammonaemia and
other injurious insults such as neuroinflammation are mediated
by neurosteroid-induced allosteric activation of inhibitory GABA-
A receptors.1,4,5

The GABA-system, the brain’s major inhibitory neurotrans-
mitter system, regulates a variety of functions including learning,
memory, vigilance and sleep.6,7 GABA-A receptors are ionotropic
heteropentameric assemblies with >−20 distinct configurations,
the functional characteristics of which vary depending on re-
ceptor subtype and cellular and subcellular localization.6,7 While
the GABA-A receptor is a validated target with several agonist
drugs approved, development of GABA-A antagonists has been
hindered by their propensity to induce seizures.1,8

In addition to GABA, endogenous neurosteroids such as allo-
pregnanolone (3a-hydroxy-5a-pregnane-20-one) are strong
positive allosteric modulators of GABA-mediated activation of
GABA-A receptors and are present in increased concentrations in
the brain of patients with HE and in animal HE models.6 Allo-
pregnanolone is a potent anaesthetic that alters the sleep-wake
cycle and impairs memory and learning; allosteric activation of
the GABA-A system by neurosteroids is implicated in the path-
ogenesis of HE and sleep disorders.7 Inhibition of the effects of
neurosteroids on the GABA-A receptor is therefore a promising
therapeutic approach for reversing GABAergic-mediated inhibi-
tion of cognitive function, prompting the development of
neurosteroid-antagonist drugs.

Golexanolone (GR3027) is a novel investigational drug that
has been shown in vitro to selectively antagonize the positive
modulation of a1-and a5-subunit-containing GABA-A receptors
by neurosteroids without antagonizing the effects of GABA.6,7 It
has shown promise in 2 animal models of HE associated with
increased brain neurosteroid concentrations9; i.e., rats with
portacaval shunts and chronic hyperammonaemia, where it
restored motor coordination, spatial learning and memory.6,7

Prior human studies have shown that orally administered
golexanolone is well tolerated and exhibits favourable pharma-
cokinetics (PK).10 Single oral doses of 3 or 30 mg dose-
dependently mitigated the inhibitory effects of intravenous
allopregnanolone on sedation and saccadic eye velocity,10 indi-
cating that golexanolone enters the brain and produces the ex-
pected pharmacodynamic effect at doses which appear well
tolerated during short-term dosing in healthy adults.10 Collec-
tively, these findings form the basis of our working hypothesis
that normalization of GABA-A receptor-mediated neurotrans-
mission via golexanolone inhibition of neurosteroid-mediated
allosteric GABA-A hyperactivation may benefit patients with HE.

We have now examined the safety, tolerability and PK of
golexanolone during single dose and multiple ascending dose
(MAD) studies in adults with cirrhosis, as well as, preliminarily,
the potential beneficial effect of 3 weeks of oral dosing on
cognitive performance in patients with cirrhosis and covert HE.

Patients and methods
Clinical study design
Protocol UCAB-CT-02 (EudraCT 2016-003651-30) was a ran-
domized, double-blinded, placebo-controlled study consisting of
4 parts. The results of Part A (MAD in healthy adults) and of
Protocol UCAB-CT-01 (EudraCT 2015-004911-19, single
ascending dose and allopregnanolone challenge) have been
previously reported.10 Parts B, C and D, reported here, were

designed to assess safety, tolerability and PK of single dose and
MAD administration of golexanolone in patients with cirrhosis
(Parts B and C, respectively) (Fig. S1) and its potential efficacy
(Part D) in patients with cirrhosis (Fig. 1).

Consenting patients underwent screening <−4 weeks prior to
dosing. In Part B, patients with Child-Pugh (CP) B cirrhosis were
randomized to double-blinded treatment with 10 mg golex-
anolone (n = 6) or placebo (n = 2) and remained at the study site
from pre-dosing until 48 h post last dose. In Part C, patients with
CP A/B cirrhosis were randomized to 5 days’ double-blinded
treatment with placebo or 10 mg, 40 mg or 80 mg BID of
golexanolone (6 active, 2 placebo per cohort) and remained at
the study site from pre-dosing until 48 h post last dose (Day 7).
For parts B and C, a “sentinel group” of 2 individuals (1 active
drug/1 placebo) was dosed and observed for 48 h before dosing
remaining participants. Dose escalation was stopped after the
third cohort, even though dose-limiting toxicity had not been
observed, because systemic exposure exceeded that predicted to
be needed to achieve a drug effect.

Following evaluation of safety and PK from each Part C cohort,
an extended treatment cohort (Part D) was initiated at that same
dosage. Patients were screened for evidence of impaired cogni-
tion by continuous reaction time (CRT) and randomized to 3
weeks’ treatment with 10 mg, 40 mg or 80 mg BID of golex-
anolone or placebo. Patients from Part C who fulfilled the CRT
criteria were eligible for Part D. Part D study visits were per-
formed on Days 1, 10, 21. A follow-up visit was performed 21
days after last study drug administration in parts B, C and D.

The study was performed at sites in Sweden, Denmark,
Ukraine, Russia, Hungary, and Poland in compliance with the
Declaration of Helsinki, ICH/Good Clinical Practice E6(R1), Eu-
ropean Union Clinical Trials Directive, and local regulatory re-
quirements and was approved by all applicable independent
Ethics Committees and Regulatory Authorities. Written informed
consent was obtained from all participants. Part D required a
designated caregiver who consented to assist patients with study
visits and contact the study site with concerns about safety. All
sites were trained for the study, including performance of the
neuropsychiatric assessments, and monitored to ensure its cor-
rect conduct.

Study population
Male and female (non-childbearing potential) patients, 18
through 70 years of age with cirrhosis and a model for end-stage
liver disease (MELD) score of 8 through 20 were eligible. CP B
patients were enrolled in Part B. Part C enrolled CP A/B patients
with >−50% CP B patients in each cohort. Part D eligibility required
evidence of cognitive impairment, defined as CRT index <1.9 at
screening.11 CRT was reassessed at baseline, prior to dosing, but
was not required to be abnormal at baseline. Exclusion criteria
included uncontrolled infection, active gastrointestinal bleeding,
a history of bleeding requiring transfusion, transjugular intra-
hepatic portosystemic shunt placement within the past 90 days,
hepatorenal syndrome, uncontrolled ascites, current malignancy,
evidence of overt HE at screening or within 7 days of screening,
use of psychoactive drugs, or any other psychiatric or medical
comorbidity judged by the Investigator to preclude safe partici-
pation and/or confound the interpretation of study results.

Alcohol consumption was not allowed within 2 days prior to
screening or within 24 h prior to all study visits. Moreover,
participants were required to have a negative alcohol breath test
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at screening and subsequent study visits, including Part D study
days 10 and 21 when cognitive function was measured.

Randomization
Block randomization was utilized with stratification for dose.
Allocation to golexanolone or placebo was assigned centrally in
the electronic Case Report Form and was double-blinded.

Interventions
Golexanolone (Umecrine Cognition AB, Sweden) was adminis-
tered orally in 10 mg gelatin capsules (RISE Research Institutes,
Södertälje, Sweden). Placebo capsules contained excipients only,
appeared identical to golexanolone and their number was
adjusted to match the number of golexanolone capsules at each
dosage level.

A single dose of 10 mg golexanolone or placebo was admin-
istered in Part B. Golexanolone or placebo was administered
every 12 h for 5 and 21 consecutive days, respectively, in Parts C
and D. The initial dosage of 10 mg BID was based on the results
from Part B and prior data in healthy individuals.10 Dosage levels
of 40 mg BID and 80 mg BID were selected based on PK and
safety evaluations of the previous level. A maximum daily dose
(200 mg) and exposure (AUC = 40 000 ng*h/ml) were pre-
specified based on prior animal and human studies.6,10

Safety and PK
Safety was assessed by adverse event (AE) reporting, physical
examination, vital signs, electrocardiogram and laboratory
studies. Plasma golexanolone concentrations, including bound
and unbound fraction were analysed using a validated high-
performance liquid chromatography tandem mass spectrom-
etry method (Lablytica Life Science, Uppsala, Sweden and
Admescope Ltd., Oulu, Finland). In Part B, samples were collected
pre-dose and at 20, 40, 60, 90, 120, 180 min and 4, 6, 9, 12, 18, 24

and 48 h post dose. Part C sampling was performed at the same
time-points up to 24 h on Days 1 and 5; pre-dose samples were
collected on Days 2-4. In Part D, pre-dose samples were collected
on Days 1, 10 and 21. PK parameters were calculated by Non-
Compartmental Analysis using Phoenix WinNonlin® version 6.3
(Pharsight Corporation, U.S.A.).

Neuropsychiatric assessment
CRT index measures attention span/vigilance based on consis-
tency of response times to an auditory stimulus (50 percentile/
(90-10) percentile). An abnormal value <1.9 was required at
screening for Part D eligibility.1,11–13,29 CRT training was super-
vised by author ML.

ANT, a test of semantic fluency and memory recall, was
administered as described.14,15 A response of <20 animals in
1 minute was considered abnormal. Where needed, the count
was adjusted for level of education and age.11–13

PHES is a paper and pencil test comprised of 5 sub-tests
(number connection tests A and B, serial dotting test, line
tracing test and digit symbol test) which assess psychomotor
speed and accuracy, concentration, attention and visual-spatial
orientation.1,16 In Ukraine, Hungary, Poland and Russia, a modi-
fied NCT-B sub-test with Cyrillic alphabet or country-specific
letters was used. The time in seconds required for each test
was converted into a score based on age-adjusted German
norms. A sub-test performance score <−1 SD is 0, with maximum
and minimum sub-test score of +1 and -3 (+1 SD above, -3 SDs,
respectively). The PHES range is -18 to 6; a score <−-5 was
considered abnormal.16 Author ML was responsible for the
blinded centralized analyses of the line tracing test component of
the PHES.

ESS is a self-administered daytime subjective sleepiness
questionnaire where respondent’s rate, on a 0-3 scale, their
chances of falling asleep during 8 different activities. The ESS

Assessed for eligibility (n = 76)

Randomized  (n = 45)

Allocated to golexanolone (n = 33)
• Received golexanolone 10 mg BID (n = 10)
• Received golexanolone 40 mg BID (n = 10)
• Received golexanolone 80 mg BID (n = 13)

Lost to follow-up (n = 0)
Discontinued intervention (n = 3)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Allocated to placebo (n = 12)
• Received allocated intervention (n =12)

Text
Excluded (n = 31):

• Not meeting inclusion criteria (n = 28)
• Declined to participate (n = 2)
• Other reasons (n = 1)

Analysed (n = 33)
• Excluded from safety analysis (n = 0)
• Excluded from efficacy analysis (n = 5)
 - Withdrawn (n = 3)
 - Major protocol deviations (n = 2)

Analysed (n = 12)
• Excluded from safety analysis (n = 0)
• Excluded from efficacy analysis (n = 0)

Enrollment

Allocation

Follow-up

Analysis

Fig. 1. Disposition of patients in study part D.
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score ranges from 0-24, with higher scores indicating higher
sleep propensity; a score >−12 is considered abnormal.17

The electroencephalogram (EEG) is a quantitative measure of
brain electrical activity which has been utilized extensively in
patients with HE.18–21 EEGs were recorded in part B and C/D,
respectively, using a Brain-Quick 3200 digital EEG equipment
(Micromed, Italy)22 and a wireless, portable EEG system (Emotiv
EPOC 16-electrode cap).23 Spectral analysis was utilized to obtain
the mean dominant frequency (MDF) and the relative powers of
the frequencies delta+theta to alpha+beta. EEGs were classified
according to Amodio21 or Schiff,23 depending on the acquisition
tool, which are both modifications of the original classification
proposed by van der Rijt et al.24 All sites received specialized EEG
training from authors SM and LZ, who were also responsible for
centralized EEG reading. The 100 s EEG section to be utilized for
automated spectral analysis was chosen prior to unblinding
based on quality and absence of artifact by authors SM and LZ
separately, who then agreed where necessary.

In Part B, EEGs were recorded pre-dose, 90 and 180 min post
dose. In Part C, CRT and PHES were assessed at baseline only;
EEGs were recorded pre-dose, 90 min, 180 min and 6-8 h post
dose on each treatment day. In Part D, CRT, PHES, ANT, ESS and
EEGs were measured at baseline and pre-dose on Days 10 and 21.
CRT, PHES and ANT were measured at screening.

Statistical methods
Sample sizes were based on practical rather than statistical
considerations and judged sufficient for evaluation of study data
and future planning. Safety was analysed using descriptive sta-
tistics including change from baseline at each time point.
Abnormal values/clinically significant findings were reported as
AEs. For Part D, changes from baseline at each assessment time
point in CRT index, PHES total score, ANT score and ESS score
were compared in the per protocol population using a mixed
model for repeated measures, with comparisons between each
dose group and placebo. All statistical analyses were performed
in accordance with the ICH E9 guideline for Statistical Principles
for Clinical Trials using SAS® (Version 9.4 or higher, SAS Institute
Inc., Cary, NC, USA). Post hoc analyses are described in the results.

Results
Subject disposition and demographics
Eight and 24 eligible, consenting patients were randomized in
Parts B and C, respectively (Fig. S1). Forty-five individuals,
including 5 from Part C and 3 extra in the 80 mg cohort as
allowed per protocol, were randomized in Part D (Fig. 1). Among
part D, approximately two-thirds had CP A cirrhosis and the
average MELD score was 10.2 (Table 1). Most (86.7%) part D
patients had manifestations of portal hypertension and, based on
The Medical Dictionary for Regulatory Activities (MedDRA)
preferred terms, cirrhosis was most commonly related to alcohol
(48.9% of patients), particularly in Hungary (76.0% of patients),
followed by chronic hepatitis (28.9% of patients), particularly in
Russia (64.7% of patients) (Table S1). Mean (±SD) baseline char-
acteristics among part D patients randomized to placebo (n = 12)
vs. golexanolone (n = 33; 10 each to 10 mg and 40 mg; 13 to
80 mg) were generally similar: CRT (1.8 ± 0.6 vs. 1.6 ± 0.4), PHES
(-5.3 ± 4.8 vs. -4.4 ± 4.3), ANT (16.5 ± 4.7 vs. 19.8 ± 4.1), CP score
(5.8 ± 1.2 vs. 6.2 ± 1.1), MELD (10.3 ± 3.5 vs. 10.2 ± 2.6), age (59.7 ±
9.4 vs. 54.4 ± 10.9 years) and sex (42% vs. 34% female) (Table 1).
While average baseline ammonia values were within normal

limits, a higher proportion of patients randomized to golex-
anolone vs. placebo had abnormal values (6/33 vs. 1/12), in
particular those randomized to 40 mg BID (Table S2).

Safety
In part B, there were no serious adverse events (SAEs) or AEs
leading to withdrawal from study participation. Safety data for
study parts C and D are summarized in Tables S3 and S4,
respectively. In Part C, 8 treatment-emergent adverse events
(TEAEs) were reported by 7 patients (29.2%) (Table S3). Most (7/
8) were mild (Grade 1) and there were no SAEs or AEs leading to
withdrawal. Fifty percent, 50% and 16.7% of patients in the
golexanolone dose groups (10, 40 and 80 mg, respectively) re-
ported TEAEs vs. none in the placebo group. In Part D, 49 TEAEs
were reported by 15 patients (33.3%) (Table S4). Most (40/49)
were mild (Grade 1). Twenty percent, 30.0% and 46.2% of pa-
tients receiving golexanolone (10, 40 and 80 mg, respectively)
reported TEAEs vs. 33.3% of patients receiving placebo. One pa-
tient experienced 3 SAEs, with 2 defined as serious and unex-
pected (leukopenia, neutropenia) which led to discontinuation of
golexanolone. One patient was withdrawn due to a protocol-
specified laboratory exclusion prior to dosing, and 1 patient
withdrew consent immediately after the first dose due to an AE
considered unrelated to study drug. Gastrointestinal disorders
were most commonly reported (53.8% of patients in the 80 mg
dose group). TEAEs reported as probably/possibly related to
golexanolone in the 80 mg dose group were diarrhoea (n = 1),
dyspepsia (n = 3) and nausea (n = 1).

There were no changes in vital signs, electrocardiogram or
laboratory parameters related to golexanolone in parts C or D.
Abnormalities in haematology, transaminases, international
normalized ratio and sodium were common – consistent with
cirrhosis – and occurred before and during dosing with similar
frequency among treatment groups. Overall, golexanolone safety
and tolerability appeared satisfactory and the pattern of TEAEs
and other safety variables were consistent with those expected
for the study population.25–29

Pharmacokinetics
PK parameters following 5 days of dosing are summarized in
Table S5. Steady state was reached in all dosage groups by 5 days
(Fig. 2). The median unbound golexanolone fraction in plasma
was 0.76%, 0.70% and 0.92% for 10 mg BID, 40 mg BID and 80 mg
BID. The median accumulation ratios for Cmax were 0.85, 1.15 and
1.96 for 10 mg BID, 40 mg BID and 80 mg BID, respectively.
Corresponding values for AUC were 1.84, 1.68 and 2.06. Dose
proportionality after 5 days of dosing – assessed by a non-linear
power model – showed a tendency toward higher exposure with
dose; the proportionality constant for AUC was 1.18 (90% CI
1.01–1.35) and that for Cmax was 1.22 (90% CI 1.03–1.41). In Part
D, median pre-dose concentrations on Day 21 were 42.8, 146.5
and 465.0 ng/ml in the 10, 40 and 80 mg dose groups, respec-
tively, generally consistent with those expected based on Part C.

Effect on EEG
Compared with placebo, golexanolone treatment (all dosage
groups together) was associated with significant decreases in the
relative power of theta (p = 0.0086), the quantitative EEG index
DT/AB (p = 0.021), and a directionally favourable, although non-
statistically significant increase in MDF (p = 0.142) on Day 21
(Fig. 3).
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Effect on subjective sleepiness and neuropsychological tests
Prespecified analyses demonstrated significant differences
among the treatment groups with respect to ESS (Table 3, Fig.
S2A). Compared to placebo, ESS was improved at Day 21 in all

golexanolone groups combined (p = 0.0448) and the improve-
ment was most prominent in the 40 mg BID golexanolone group
(p = 0.0075). The highest proportion of patients with an
improvement in ESS at Day 21 was also seen in the golexanolone

Table 1. Patient characteristics at baseline.

Statistic/Category Part B
All patients (n = 8)

Part C
All patients (n = 24)

Part D
All patients (n = 45)

Age (years)
Total/missing 8/0 24/0 45/0
Mean (SD) 62.25 (3.45) 55.1 (9.8) 55.8 (10.7)
Median (Min, Max) 62.00 (55.0, 66.0) 56.5 (34, 69) 58.0 (24, 70)

Sex
Female 0 7 (29.2%) 16 (35.6%)
Male 8 (100.0%) 17 (70.8%) 29 (64.4%)

Time from screening to randomization (days)
n/nmiss 8/0 24/0 40/5
Mean (SD) -10.25 (9.57) 16.3 (8.0) 11.5 (7.4)
Median (Min, Max) -8.00 (-28.0, -1.0) 14.0 (5, 28) 10.0 (2, 42)

MELD score, mean 10.0
Child-Pugh score
A 0 8 (33.3%) 31 (68.9%)
B 8 (100.0%) 16 (66.7%) 14 (31.1%)

CRT index at screening
Total/missing n.a. n.a. 40/5
Mean (SD) 1.3725 (0.4069)
95% CI for the mean (1.2424, 1.5026)
Median (Min, Max) 1.3470 (0.523, 1.869)

CRT index at baseline
Total/missing n.a. 24/0 45/0
Mean (SD) 2.2903 (0.6107) 1.6495 (0.4772)
95% CI for the mean (2.0324, 2.5482) (1.5062, 1.7929)
Median (Min, Max) 2.3445 (1.154, 3.305) 1.6690 (0.544, 3.059)

PHES total score at screening
Total/missing n.a. n.a. 39/6
Mean (SD) -5.7 (4.5)
95% CI for the mean (-7.1, -4.2)
Median (Min, Max) -6.0 (-14, 3)

PHES total score at baseline
Total/missing n.a. 24/0 44/1
Mean (SD) -3.9 (4.5) -4.7 (4.4)
95% CI for the mean (-5.8, -2.0) (-6.0, -3.3)
Median (Min, Max) -3.0 (-12, 2) -6.0 (-12, 3)

ESS at baseline
Total/missing n.a. n.a. 45/0
Mean (SD) 5.2 (4.7)
95% CI for the mean (3.8, 6.6)
Median (Min, Max) 5.0 (0, 15)

ANT1 at screening
Total/missing n.a. n.a. 40/5
Mean (SD) 17.8 (5.2)
95% CI for the mean (16.1, 19.4)
Median (Min, Max) 18.0 (4, 32)

ANT1 at baseline
Total/missing n.a. n.a. 45/0
Mean (SD) 18.9 (4.5)
95% CI for the mean (17.5, 20.2)
Median (Min, Max) 19.0 (11, 29)

Ammonia at screening (lmol/L)
n/nmiss 8/0 24/0 40/5
Mean (SD) 68.3 (16.4) 54.5 (45.7) 34.8 (25.5)
Median (Min, Max) 68.0 (46, 95) 42.7 (10.6, 210.0) 32.2 (5.87, 90.0)

Ammonia at baseline (lmol/L)
Total/missing n.a. 24/0 44/1
Mean (SD) 54.4 (43.8) 32.2 (25.1)
Median (Min, Max) 41.8 (7.63, 195.00) 21.1 (5.87, 87.7)

ANT, animal naming test; CRT, continuous reaction time; ESS, Epworth sleepiness scale; MELD, model for end-stage liver disease; PHES, portosystemic hepatic encephalopathy
score.
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40 BID group (66.7% vs. 16.7% placebo); compared to the other
study arms, baseline ESS scores were higher, indicating worse
daytime sleepiness (Table 2), and a higher proportion of patients
(40% vs. a range of 0–15% for the other study arms) had elevated
ammonia values at baseline (Table S2). The prespecified analyses

of changes from baseline to Days 10 and 21 for CRT, PHES and
ANT are depicted in Fig. S2, panels B-D. Patients in all study arms
exhibited improvement in CRT, PHES and ANT on Days 10 and 21
compared to baseline, but with no statistical difference between
golexanolone vs. placebo.

Whereas the design of Part D assumed that cognitive function
would remain relatively stable during the screening period and
prior to treatment, 4 placebo-treated patients exhibited >−50%
improvement between screening and baseline (Fig. 4A) in CRT.
These patients mostly had CP A cirrhosis and were enrolled in
the 3rd dosage cohort. Indeed, there was a statistically significant
improvement in CRT between screening and baseline among
placebo-treated patients (p =0.01) vs. lesser (p = 0.03) or non-
significant improvement among those randomized to golex-
anolone (Fig. 4B). Fig. 4C, therefore, depicts the results of an
analysis restricted to patients with abnormal baseline CRT (CRT
<1.9; n = 9, 8, 10, and 9 for the placebo, 10 mg, 40 mg, and 80 mg
BID dosage groups, respectively). A similarly prespecified anal-
ysis of the relationship between CRT at baseline and the change
in CRT suggested a trend (p = 0.071) toward a beneficial treat-
ment effect. Among patients with abnormal baseline CRT, the
proportion with an improvement in CRT at Day 21 was also
higher in the golexanolone groups (75.0%, 80.0%, and 66.7% for
10, 40, and 80 mg BID, respectively, vs. 55.6% for placebo).
Conversely, the proportion of patients with a worsening of the
CRT at Day 21 was higher in the placebo group (44.4% vs. 12.5%,
20.0%, and 11.1% for 10, 40, and 80 mg BID groups, respectively).
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Additional and post hoc analyses
The results of complementary and post hoc analyses of study part
D are depicted in Fig. 5. Fig. 5A-C depict values for CRT, PHES and
ANT, respectively, among patients randomized to golexanolone
vs. placebo at screening, baseline and Day 21. Fig. 5D depicts the
percentage change in CRT, PHES and ANT between screening and
baseline for placebo vs. golexanolone-treated patients. Fig. 5E
depicts the relative change from baseline to Day 21 among pa-
tients randomized to placebo vs. golexanolone, taking into ac-
count changes between screening and baseline. Table S6

summarizes the number of sites and patient enrollment per
country, as well as the CRT results at screening, baseline and
day 21.

Discussion
The primary objective of the study was to assess the safety and
PK of golexanolone in patients with CP A/B cirrhosis. While
longer dosing of more patients is required to fully define its
safety profile, safety and tolerability during 3 weeks of dosing
appear satisfactory. PK parameters reported following 5 days of

Table 2. ESS score among the various treatment arms.

Study day Statistic GR3027
10 mg BID (n = 8)

GR3027
40 mg BID (n = 9)

GR3027
80 mg BID (n = 11)

GR3027 Total
(n = 28)

Placebo
(n = 12)

ESS at baseline
Total/missing 10/0 10/0 13/0 12/0
Mean (SD) 5.8 (4.4) 8.0 (5.1) 3.2 (4.1) 4.6 (4.4)
95% CI for the mean (2.6, 9.0) (4.3, 11.7) (0.7, 5.7) (1.8, 7.4)
Median (Min, Max) 6.0 (0, 15) 8.0 (0, 15) 0.0 (0, 11) 5.0 (0, 11)

Change at Day 10
Least square mean estimate -0.8 -1.2 -0.9 -1.0 -0.8
95% CI (-2.5, 0.8) (-2.8, 0.4) (-2.4, 0.5) (-1.9, -0.1) (-2.1, 0.6)
Difference vs. placebo (p value) 0.9597 0.7075 0.8698 0.8010

Change at Day 21
Least square mean estimate -0.7 -3.0 -1.4 -1.7 -0.0
95% CI (-2.4, 0.9) (-4.6, -1.3) (-2.8, 0.0) (-2.6, -0.8) (-1.4, 1.3)
Difference vs. placebo (p value) 0.5263 0.0075 0.1703 0.0448

A mixed model repeated measures analysis was used to estimate the statistics presented in this table. These analyses are based on the change from baseline (Day 1) to post-
baseline assessment time-points at Days 10 and 21. ESS, Epworth sleepiness scale; GR3027, golexanolone.

Table 3. EEG findings among the various treatment arms.

Study day EEG parameter & statistics GR3027
10 mg BID (n = 4)

GR3027
40 mg BID (n = 9)

GR3027
80 mg BID (n = 9)

GR3027
Total (n = 22)

Placebo (n = 7)

Change in mean dominant frequency

Day 10
Least square mean estimate -0.183 0.265 -0.175 -0.031 -0.091
95% CI (-1.633, 1.267) (-0.755, 1.285) (-1.198, 0.848) (-0.708, 0.645) (-1.174, 0.991)
Difference vs. placebo (p value) 0.9193 0.6317 0.9104 0.9246

Day 21
Least square mean estimate 0.754 0.224 0.337 0.439 -0.572
95% CI (-0.696, 2.205) (-0.731, 1.180) (-0.683, 1.356) (-0.234, 1.111) (-1.749, 0.605)
Difference vs. placebo (p value) 0.1614 0.2953 0.2474 0.1417

Change in relative power of theta frequencies

Day 10
Least square mean estimate -1.006 -3.442 3.238 -0.404 6.895
95% CI (-10.61, 8.595) (-9.793, 2.910) (-3.186, 9.662) (-4.736, 3.929) (-0.1605, 13.95)
Difference vs. placebo (p value) 0.1872 0.0338 0.4379 0.0823

Day 21
Least square mean estimate -2.786 2.452 2.306 0.657 12.30
95% CI (-12.39, 6.815) (-3.765, 8.669) (-4.096, 8.708) (-3.661, 4.976) (5.050, 19.55)
Difference vs. placebo (p value) 0.0161 0.0436 0.0429 0.0086

Change in ratio of relative powers of DT/AB frequencies

Day 10
Least square mean estimate -0.083 -0.196 0.042 -0.079 0.096
95% CI (-0.619, 0.454) (-0.580, 0.187) (-0.338, 0.423) (-0.333, 0.175) (-0.310, 0.503)
Difference vs. placebo (p value) 0.5942 0.3000 0.8467 0.4666

Day 21
Least square mean estimate -0.353 -0.044 -0.231 -0.209 0.390
95% CI (-0.889, 0.184) (-0.404, 0.316) (-0.613, 0.151) (-0.459, 0.040) (-0.050, 0.830)
Difference vs. placebo (p value) 0.0360 0.1318 0.0360 0.0209

A mixed model repeated measures analysis was used to estimate the statistics presented in this table. These analyses were based on the change from baseline (Day 1) to post-
baseline assessment time-points at Days 10 and 21. Change in the relative power of theta frequencies, the ratio of relative powers of delta and theta frequencies to relative
powers of alpha and beta frequencies (DT/AB) and mean dominant frequencies are based on the average of temporal (T) and Occipital (O) leads T3-O1 and T4-O2. EEG,
electroencephalogram; GR3027, golexanolone.
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dosing in healthy adult males10 vs. those observed in the present
study in CP A/B patients with cirrhosis (Table S5) suggest that
golexanolone metabolism is slower in patients with CP A/B
cirrhosis vs. healthy adults. While higher dosing in patients with
CP A/B cirrhosis would need to take into account the higher
accumulation ratios observed in patients with cirrhosis vs.
healthy adults, prior human data demonstrating that single oral
doses of 3 or 30 mg golexanolone dose-dependently mitigated
the inhibitory effects of intravenous allopregnanolone10 suggest
that the efficacious dose is likely to be less than the maximal
dose of 80 mg/BID used in the present study.

The study also explored the potential clinical benefit of
golexanolone using several complementary approaches. These
included EEG, a neurophysiological measure of brain activity
which, in patients with HE, is characterized by a decrease in MDF
and increase in the slow theta and delta frequencies.18,19 Addi-
tional measures included ESS, a subjective self-assessment of
sleepiness, CRT, a computerized assessment of attention span/
vigilance, PHES, a multicomponent psychometric measure of
cognitive processing and fine motor skills and ANT, a measure of
semantic fluency and recall memory.

Golexanolone treatment improved neuropsychiatric perfor-
mance, especially as demonstrated by the decrease in the slow
delta and theta frequencies on the EEG, which has previously
been used to diagnose minimal HE, assess response to treatment
and predict overt HE.18–21 By prespecified analyses, golexanolone
treatment was associated with directionally favourable changes
in EEG as reflected by MDF (p = 0.142), relative power of theta
(p = 0.0086) and DT/AB (p = 0.021) as well as in ESS (p = 0.047).
The effect of golexanolone on excess daytime sleepiness by ESS
in the present study is reminiscent of the previously reported
golexanolone-induced improvement in sleepiness induced in
healthy adults by allopregnanolone challenge.10 Moreover, the
improvement in ESS appeared greatest in the 40 mg dosage
cohort, which had both the highest ESS scores at baseline as well
as a higher proportion of abnormal baseline values for ammonia,
elevated levels of which are associated with an increased risk
and frequency of overt and covert HE.2 All patients exhibited
improvement during treatment as reflected by changes in CRT,
PHES and ANT, but with no significant difference between pla-
cebo- and golexanolone-treated patients by prespecified
analyses.

Additional analyses considering the unexpectedly large
changes between screening and baseline, which occurred
disproportionately in the placebo group, suggested an effect on
CRT. These included a prespecified analysis of the relationship
between baseline CRT and the magnitude of change with treat-
ment (p = 0.071), as well as a post hoc analysis assessing the
treatment response among all patients as a ratio of change in CRT
during treatment (baseline to Day 21) to the change during
screening to baseline. The latter analysis suggested the possi-
bility of an efficacy signal for PHES and ANT as well.

Certain limitations of part D of the current study merit
emphasis. The sample size was small, confidence intervals
correspondingly wide and treatment duration comparatively
short. In addition, since this was a dose escalation study, the
recruitment of placebo patients was necessarily distributed
among and occurred concurrently with each of the 3 consecu-
tively recruited active dosage groups. Thus, compared with
active treatment arms, recruitment for the placebo arm occurred
over a longer time and was distributed over a greater number of

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Screen Day 1 Day 21

Placebo 10 mg 40 mg 80 mg
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Screen Day 1

*p = 0.01 *p = 0.39 *p = 0.13 *p = 0.03

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Baseline D10 D21
Plc 10 mg 40 mg 80 mg

A

B

C

Fig. 4. Additional continuous reaction time analyses. (A) Depicts the CRT
values at screening, baseline and day 21 among the 12 patients randomized to
placebo. (B) Depicts box and whisker plots created using MS Excel of mean CRT
values at screening vs. baseline among patients randomized to placebo and the
individual GR3027 (golexanolone) dosage groups (p values obtained from
2-tailed t test comparing baseline and screening values for each group). (C)
depicts the mean CRT values at baseline, Day 10 and Day 21 among patients
(n = 9, 8, 10, and 9 patients for the placebo, 10 mg, 40 mg, and 80 mg BID
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value was abnormal at baseline. A prespecified analysis of the relationship
between baseline CRT and treatment effect (change from baseline in CRT; p =
0.071) suggested a beneficial effect of treatment on cognition as assessed by
CRT (mixed model for repeated measures analysis). CRT, continuous reaction
time.
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study sites, factors which may help explain the unusual behav-
iour of the placebo group, as well as the variability among sites.
Finally, to inform the design of future trials, the present study
utilized several complementary neurophysiological and psycho-
metric measures of cognitive function without statistical
correction for multiple analyses. Therefore, while the results of
this small pilot study suggest a potentially beneficial effect of
golexanolone on cognitive performance, validation in larger
studies over longer durations is required.

There have been few therapeutic studies targeting patients
with minimal or covert HE, particularly multicentre multina-
tional studies. Two findings are therefore instructive with
respect to study design. First, future studies will need to consider
the fact that cognitive measures may vary prior to treatment, due
either to intrinsic fluctuation in cognition and/or extrinsic factors
such as the closer medical attention associated with participa-
tion in a clinical trial. Second, as a corollary, patient selection in
future studies should ensure the presence of bonafide abnor-
malities at baseline.

Finally, while considerable correlative data suggests a role for
neurosteroid-induced allosteric activation of GABA-A receptors
in the pathogenesis of HE,6,7,10 this is the first study to our
knowledge to suggest improvement in cognitive function
through selective inhibition of this pathway. Thus, these findings
implicate neurosteroids in the pathogenesis of HE-related
sleepiness and vigilance and support a potential role for

golexanolone in the treatment of neurosteroid-mediated vigi-
lance and cognitive disorders including HE, either alone or in
association with ammonia-lowering strategies.
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