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INTRODUCTION: This study is to evaluate the safety and pharmacokinetics (PK) of larsucosterol (DUR-928 or 25HC3S)

in subjects with alcohol-associated hepatitis (AH), a devastating acute illness without US Food and

Drug Administration–approved therapies.

METHODS: This phase 2a, multicenter, open-label, dose escalation study evaluated the safety, PK, and efficacy

signals of larsucosterol in 19 clinically diagnosed subjects with AH. Based on the model for end-stage

liver disease (MELD) score, 7 subjects were considered to havemoderate AH and 12 to have severe AH.

All subjects received 1 or 2 intravenous infusions (72 hours apart) of larsucosterol at a dose of 30, 90, or

150 mg and were followed up for 28 days. Efficacy signals from a subgroup of subjects with severe AH

were compared with those from 2 matched arms of those with severe AH treated with standard of care

(SOC), including corticosteroids, from a contemporaneous study.
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RESULTS: All 19 larsucosterol-treated subjects survived the 28-day study. Fourteen (74%) of all subjects including 8

(67%) of the subjects with severe AH were discharged £72 hours after receiving a single infusion. There

werenodrug-related seriousadverseeventsnor early terminationsdue to the treatment. PKprofileswerenot

affected by disease severity. Biochemical parameters improved in most subjects. Serum bilirubin levels

declined notably frombaseline to day 7 and day 28, andMELD scoreswere reduced at day 28. The efficacy

signals compared favorably with those from 2matched groups treated with SOC. Lille scores at day 7 were

<0.45 in 16 of the 18 (89%) subjects with day 7 samples. Lille scores from 8 subjects with severe AHwho

received 30 or 90 mg larsucosterol (doses used in phase 2b trial) were statistically significantly lower (P <
0.01) than those from subjects with severe AH treated with SOC from the contemporaneous study.

DISCUSSION: Larsucosterol was well tolerated at all 3 doses in subjects with AH without safety concerns. Data from

this pilot study showed promising efficacy signals in subjects with AH. Larsucosterol is being evaluated

in a phase 2b multicenter, randomized, double-blinded, placebo-controlled (AHFIRM) trial.
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INTRODUCTION
Alcohol-associatedhepatitis (AH), anacute formofalcohol-associated
liverdisease, results from long-termheavy intakeof alcohol, frequently
on a background of cirrhosis and usually after a recent period of
increased alcohol consumption (1). AH is typically characterized by a
recent onset of jaundice, progressive cholestasis, and hepatocellular
dysfunction. Patients may be febrile and have leukocytosis in the
absence of infection. In a retrospective analysis of 77 studies between
1971 and 2016 including.8,000 patients, an average mortality from
AHwas 26% at 28 days and 29% at 90 days (2). Consistently, a recent
prospective study that enrolled.2,500 hospitalized patients with AH
(median model for end-stage liver disease [MELD] score 23.5) by 85
hospitals in 11 countries across 3 continents showed that mortality at
28days and90dayswas20%and30.9%, respectively (3).According to
themost recent data provided by the Agency for Healthcare Research
andQuality (USDepartmentofHealth andHumanServices), 136,620
patients with AH were hospitalized in 2019 with an average hospital
charge estimated at.$50,000 (4).

There is noUSFood andDrugAdministration (FDA)–approved
treatment for severe AH. The current standard of care (SOC) as
delineated in multiple treatment guidelines for subjects with severe
AH consists of supportive care and the use of corticosteroids (CS) if
there are no contraindications (1). However, the large placebo-
controlled Steroids or Pentoxifylline for Alcoholic Hepatitis (STO-
PAH) trial failed to show a 90-day survival benefit of CS (5). Other
efforts have focused on inflammation, cell death, or tissue re-
generation aspects of AH pathogenesis (6,7).

A recent study using liver samples from patients with AH and
other liver diseases proposed epigenetic dysregulation as the
mechanism of hepatocellular dysfunction and subsequent liver
failure in AH (8). The observed epigenetic dysregulation in the liver
included an increased expression of DNA methyltransferases
(DNMT), aberrant DNA methylation, and transcriptomic reprog-
ramming, suggesting that DNMT inhibition could be a novel
therapeutic approach for severe AH.

Larsucosterol is an endogenous cholesterol derivative, 25-
hydroxycholesterol 3-sulfate (25HC3S), which was discovered in
the cell nucleus after an overexpression of a mitochondrial choles-
terol transporter protein, steroidogenic acute regulatory protein

(STARD1) (9). Functional studies (10) demonstrated that 25HC3S
reduces intracellular lipid accumulation by inhibiting lipid bio-
synthesis, dampens inflammation by decreasing inflammatory
mediators, and improves cell survival by suppressing apopto-
sis. Mechanistic studies (11) showed that 25HC3S inhibited
DNMT1, 3a and 3b, and reduced DNA hypermethylation.

Endogenous 25HC3S was present in all 7 species studied to date,
including humans. It has been evaluated in vitro in cell lines or
primary cells, in vivo in animal disease models, in toxicology studies,
and in human subjects (both healthy volunteers and patients) for its
pharmacology, toxicology, safety, pharmacokinetics (PK), and effi-
cacy signals. More than 350 human subjects, who were enrolled in
more than 10 phase 1 and 2 clinical trials sponsored by DURECT in
the United States or overseas, have received larsucosterol, the results
of which have demonstrated excellent safety profiles and promising
efficacy signals. In this phase 2a, multicenter, open-label, dose esca-
lation study, we investigated the safety, PK, and efficacy signals of
larsucosterol in subjects with a clinical diagnosis of AH.

METHODS
The study was conducted in 5 centers in the United States
(Southern California Research Center, Piedmont Hospital Trans-
plant Services, NorthwesternUniversityHealth System,University
of Miami, and University of Louisville School of Medicine) and
registered at ClinicalTrials.gov, NCT03432260. The protocol was
approved by a central Institutional ReviewBoard (IRB) (WCG IRB
No. 20180736) and each local IRB. Written informed consent was
obtained from each subject or the subject’s legal guardian before
anyundertaking any study-related activity. The trialwas conducted
and reported in accordance with US FDA guidance, the In-
ternational Conference on Harmonization Good Clinical Practice,
and the provisions of the Declaration of Helsinki.

In a contemporaneous study, subjects with severe AH were
recruited from 4 US clinical centers (University of Texas South-
western Medical Center, University of Massachusetts Medical
School, Cleveland Clinic, and University of Louisville School of
Medicine). This study was part of a large national multisite
clinical trial indexed at ClinicalTrials.gov: NCT01809132. The
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study was approved by all local IRBs. All subjects provided in-
formed consent to participate in this trial.

The primary objectives of the study were the safety, PK, and
efficacy signals of larsucosterol in subjects with AH. The primary
efficacy signal was Lille score at day 7. Other efficacy signals included
serum total bilirubin change from baseline, the MELD score change
from baseline, liver biomarkers (such as aspartate aminotransferase
[AST], alanine aminotransferase [ALT], and albumin), length of
hospital stay, and mortality during the 28-day study period.

Study agent

Larsucosterol is the sodiumsalt of 25HC3S. Its injection, 30mg/mL
larsucosterol sodium, is a sterile solution containing 240mg/mL of
hydroxypropyl betadex. Before use, 1, 3, or 5 mL of this solution,
corresponding to 30, 90, or 150 mg of larsucosterol sodium, re-
spectively, was diluted in 100 mL of sterile saline or 5% dextrose
and administered by intravenous (IV) infusion over 2 hours.

Subjects

A total of 19 subjects with AH received larsucosterol in this trial.
Among them, 18 (95%) returned for the day 7 and 16 (84%)
returned for the day 28 visit, although all 19 were confirmed alive
at the end of the 28-day study period.

All subjects were hospitalized during enrollment with a clinical
diagnosis of AH according to the guideline consensus publication
(1) and were 21 years or older with 20 kg/m2# bodymass index#
40 kg/m2. All 19 enrolled subjects met inclusion criteria of the
clinical trial protocol for the study, including alcohol consumption
.40 g/d in female individuals or .60 g/d in male individuals for
a minimum period of 6 months; an increased consumption of
alcoholwithin 12weeks of entry into the study; serumbilirubin.3
mg/dL;AST.ALTbut,300U/L; anMELDscore between 11 and
30; and no evidence of active infection as determined by the
principal investigator (PI). However, none of the patients had
histopathological confirmation of the diagnosis by liver biopsy
during screening or enrollment, which is not recommended

according to the American Association for the Study of Liver
Diseases guidance (1). Exclusion criteria included pregnancy, lac-
tation, mental handicap, inability to provide consent, and/or signs
of systemic infection and/or other chronic diseases that would be a
contraindication to planned therapy.

In the contemporaneous study, eligible subjects were enrolled
by their liver disease severity as determined by theMELDscore and
Maddrey Discriminant Function. Subjects with severe AH were
matched by theMELD score to the 8 patients with severe AHwho
received 30 or 90 mg of larsucosterol. Two study arms were used;
one from an observational arm (n5 8), who had 7-day follow-up
tests to assess Lille score, and the other from a larger parallel
comparison arm(n516). Subjects frombotharmswerediagnosed
of AH based on the guideline (1), screened for inclusion and ex-
clusion criteria that were similar to the larsucosterol trial and as
published by the Defeat Alcoholic Steatohepatitis (DASH) con-
sortium (12,13), and treated with SOC, including CS.

Treatment

The studywas unblinded, dose escalating, and conducted in 2 parts
using a staggered parallel design (Figure 1). Part A included hos-
pitalized subjects with MELD scores of 11–20 (moderate AH),
while part B included hospitalized subjects with MELD scores of
21–30 (severe AH). The selected MELD score cutoffs were mainly
based on the American Association for the Study of Liver Diseases
guidance (1), the results of the STOPAH trial (5) regarding the
efficacy of CS for severe AH, a consensus panel on AH diagnosis
(14), and a design that was accepted by theUSFDA (ClinicalTrials.
gov: NCT02655510). The study was initiated with 4 subjects with
moderate AH receiving 30 mg of larsucosterol. Dose escalation to
90mg of larsucosterolwithin partAwas permitted after a reviewof
safety and PK data by the Dose Escalation Committee, which in-
cluded the study PI, the Medical Monitor, and the Sponsor. If no
suspected unexpected serious adverse reaction was observed and
PK results were satisfactory, dose escalation to the next higher dose
would proceed. In parallel, enrollment of 4 subjects with severe AH

Figure 1. The study schema. The study was conducted in 2 parts using a staggered parallel design. Part A included subjects with MELD scores of 11–20
(moderate AH), while part B included subjects withMELD scores of 21–30 (severe AH). The study was initiated with 4 subjects withmoderate AH receiving
30mg of larsucosterol by infusion. Dose escalation to 90mgwithin part Awas permitted after a review of safety and PK data by theDEC, including the study
PI, theMedicalMonitor, and the Sponsor. In parallel, enrollment of 4 subjects with severe AH (part B) for the low-dose (30mg) groupwas only initiated once
safety andPK results review of the 30mg in subjects withmoderate AH (part A) had been completed. Part Awas terminatedwhenpart B enrollmentmet the
prespecified enrollment goal. Subjectswere followedup for 28days andwere assessed for safety, PK, and efficacy signals. AH, alcohol-associatedhepatitis;
DEC, Dose Escalation Committee; MELD, model for end-stage liver disease; PI, principal investigator; PK, pharmacokinetics.
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(part B) at the low dose (30 mg) was initiated only after safety and
PK results review of the 30 mg larsucosterol in subjects with
moderate AH (part A) had been completed. There were only 3
subjectswithmoderateAHenrolled in the 90mggroupwhen all 12
subjects with severe AH (part B) enrolled and completed dose
escalation in the groups of 30, 90, and 150 mg (4 subjects/group).
All subjects were followed up for 28 days and were assessed for
safety, PK, and efficacy signals.

Larsucosterol at a dose of 30, 90, or 150 mg was administered
by IV infusion over approximately 2 hours for 1 or 2 infusions.

After the first infusion on day 1, the second infusion would be
given on day 4 (72 hours apart) if the subject remained to be
hospitalized. If subjects were qualified to be discharged in the
opinion of their PI, they would receive only 1 infusion.

Sample analysis

Plasma samples were collected at designated time points after the
first infusion. Larsucosterol concentrations were measured using
solid phase extraction, and a sensitive high-performance liquid

Table 1. Demographics and baseline laboratory findings (the values are presented as mean 6 SD)

Cohort (dose) All

Part A: moderate AH

(MELD 11–20)

Part B: severe AH

(MELD 21–30) Obs. severe AH Rx severe AH

1A (30 mg) 2A (90 mg) 1B (30 mg) 2B (90 mg) 3B (150 mg) SOC: steroid SOC: steroid

Measures Subjects randomization by study arms, and demographics

N 19 4 3 4 4 4 8 16

Male, n (%) 11 (58) 1 (25) 2 (67) 3 (75) 3 (75) 2 (50) 6 (75) 12 (75)

Age, mean 6 SD 41 6 6 366 4 39 6 6 45 6 10 43 6 3 416 6 496 10 43 6 10

Race, n (%)

White 17 (89) 3 (75) 3 (100) 4 (100) 4 (100) 3 (75) 6 (75) 15 (94)

Non-White 2 (11) PI 1 (25) 0 0 0 AA 1 (25) AA 2 (25) Other 1 (6)

Liver injury and severity markers, and blood measures

AST (IU/L) 1026 54 1136 113 113 6 25 1176 30 906 43 82 6 19 1456 106 1446 69

ALT (IU/L) 41 6 23 36 6 38 676 10 44 6 15 316 11 36 6 20 516 29 46 6 22

Total bilirubin (mg/dL) 14.2 6 8.7 5.56 1.9 10.6 6 5.7 18.7 6 6.5 16.3 6 10.5 19.1 6 10.2 14.1 6 6.1 22.5 6 9.2

Creatinine (mg/dL) 0.74 6 0.29 0.63 6 0.14 0.58 6 0.34 0.86 6 0.27 0.91 6 0.43 0.68 6 0.23 0.73 6 0.33 0.76 6 0.29

WBC (103/mL) 8.4 6 4.9 6.66 8.0 9.96 5.7 10.2 6 3.2 6.2 6 2.4 9.6 6 4.7 12.6 6 4.8 12.1 6 7.5

Platelets (103/mL) 1366 69 1146 101 1276 8 1796 90 846 33 1736 30 Not recorded Not recorded

INR 1.86 0.35 1.7 6 0.27 1.36 0.22 1.8 6 0.31 1.9 6 0.29 2.1 6 0.34 2.26 0.53 2.06 0.43

MDF 53 6 21 41 6 12 266 17 59 6 18 63 6 6 71 6 20 656 29 60 6 25

MELD 22 6 4 196 2 18 6 4 256 3 25 6 3 246 3 25 6 4 256 3

AA, African American; AH, alcohol-associated hepatitis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international normalized ratio; MDF,
Maddrey Discriminant Function; MELD, model for end-stage liver disease; PI, Pacific Islander; SOC, standard of care; WBC, white blood cell.

Figure 2. Plasma concentrations of larsucosterol over time in subjects with AH. Plasma samples were taken before, during, and after a 2-hour infusion of
larsucosterol in subjectswithmoderate and severeAH. (a, left) Plasmaconcentrations of larsucosterol over time in subjectswithmoderateAH (mean6SD).
Four subjects received 30 mg of larsucosterol (solid round) and 3 received 90 mg of larsucosterol (solid square). (b, right) Plasma concentrations of
larsucosterol over time in subjects with severe AH (mean6 SD). Four subjects each received 30 mg (empty round), 90 mg (shaded square), or 150mg of
larsucosterol (empty triangle). AH, alcohol-associated hepatitis.
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chromatography/mass spectrometry method was developed and
validated. The calibration range of the method was 2–500 ng/mL.

Subgroup analyses of data from subjects with severe AH was
defined by an MELD score of 21–30. All subgroups were com-
pared for the change from baseline at day 7 and/or day 28. The
contemporaneous control arms were used to compare the Lille
scores at day 7 with the results from this study. Baseline value was
defined as the last nonmissing value before study drug adminis-
tration, either at screening or day 1 predose.

Statistical methods

The number of subjects enrolled and who received at least 1 dose of
larsucosterol were defined as both the intention to treat (ITT) and
safety sets. This was clarified in the terminology used to describe the
analyses in this study.ThePKanalysis setwasdefinedas those subjects
in the ITT analysis set who had evaluable PK data. All other analyses
were conducted using the ITT Set. No formal sample size estimates
were performed. The number of subjects was consistent with trials of
this design and objectives. Planned statistical analyses were primarily
descriptive in nature. Continuous variables were summarized using
descriptive statistics. Categorical variables were summarized by pre-
senting the number and percentage of subjects within each category.
All tabulations were based on pooled data across centers. Analyses of
PK data were performed using WinNonlin software, version 6.4
(CertaraUSA,Princeton,NJ).Allotheranalyseswereperformedusing
SAS forWindowsstatistical software, version9.4 (SAS,Cary,NC).The
analyses of the change in total bilirubin, theMELD score, and the Lille
score and of biomarkers were described as efficacy signal analyses.

RESULTS
Safety

A total of 19 subjects with AHwere enrolled, 7 in part A (moderate
AH) and 12 in part B (severe AH). Themedian agewas 41 year old,

58% were male, and 90% were White. The subject population in
this pilot study was limited in diversity primarily because of the
sample size of the study and small number of clinical sites involved.
All subjects survived the 28-day study period. Demographics and
baseline laboratory values (median) are summarized in Table 1.

Larsucosterol was well tolerated and safe at the 3 doses studied
(30, 90, and 150 mg) when administered as 1 or 2 IV infusions in
subjects with moderate or severe AH. Results from vital signs,
physical examinations, and electrocardiograms supported the
overall assessment that larsucosterol was safe in this group of sub-
jects. Throughout the study, no suspected unexpected serious ad-
verse reactions, defined as the primary safety end point, or deaths
were reported.No treatment-emergent adverse events (TEAE) led to
discontinuation of study participation or modification of larsucos-
terol dosing. Three subjects experiencedTEAE that were considered
possibly or probably related to the study drug observed, including 1
instance eachof grade 2 generalizedpruritus, grade 1 rash, and grade
2 increase in ALP. All events resolved spontaneously.

Pharmacokinetics

PK profiles were comparable between subjects with moderate or
severe AH and, therefore, were not affected by disease severity. As
shown in Figure 2, Tmax was at the end of the 2-hour infusion for all
doses. AUC(0-last), AUC(0-inf), Cmax, and Clast of larsucosterol in-
creased proportionally with increased dose (see Supplementary
Figure S1, Supplementary Digital Content 1, http://links.lww.com/
AJG/C933). The t½of larsucosterolwas approximately4hours, and
the time for the last quantifiable concentration was similar for all
doses. The residual area was less than 5% in all 3 dose groups,
indicating that sampling times were adequate. PK parameters of
larsucosterol, including clearance and volume of distribution, were
shown in Supplementary Table S1 (see Supplementary Digital

Figure 3. Serum total bilirubin levels over time in subjects with AH. Serum
total bilirubin levels (mg/dL) from individual subjects (who returned for
samplecollection)weredeterminedatbaseline,day7,andday28(endof the
study) after the first infusion. Shadedcircles represent subjects who received
30 mg of larsucosterol, empty circles are those who received 90 mg of
larsucosterol, and shaded squares show those who received 150 mg of
larsucosterol. (a, left) Subjects withmoderateAH, and (b, right) Subjectswith
severe AH. *Represents P, 0.05 by t test. AH, alcohol-associated hepatitis.

Figure 4. MELD scores over time in subjects with AH. MELD scores from
individual subjects (who returned for sample collection) were determined at
baseline, day 7, and day 28 (end of the study) after the first infusion. Shaded
circles represent subjects who received 30mgof larsucosterol, empty circles
are those who received 90 mg of larsucosterol, and shaded squares show
those who received 150mg of larsucosterol. (a, left) Subjects with moderate
AH, and (b, right) Subjects with severe AH. *Represents P, 0.05 by t test.
AH, alcohol-associated hepatitis; MELD, model for end-stage liver disease.
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Content 1, http://links.lww.com/AJG/C933). Compared with PK
data in healthy volunteers from an earlier phase 1 study, the Cmax

and AUC of larsucosterol in subjects with AHwere increased by 2-
fold and 6-fold, respectively, while the clearance was decreased by
approximately 75%.

Hospital discharge and survival

Of all 19 subjects enrolled, 14 (74%) received only 1 infusion and
were discharged from hospitals in #72 hours after dosing.
Among subjects with severe AH, 8 of 12 (67%) did not receive the
second infusion and were discharged from hospitals in #72
hours. Although 1 subject did not complete the day 7 and day 28
visits and 2 subjects did not complete the day 28 visit, all 19
subjects, 100%, survived the 28-day study period.

Serum bilirubin

After larsucosterol dosing, rapid and significant reductions of se-
rum total bilirubin levels frombaselinewere observed at both day 7
and day 28 (Figure 3). Statistically significant reductions from
baseline were observed at day 7 in subjects withmoderateAH (P,
0.05) and at day 28 in subjects with severe AH (P, 0.05).

MELD score

Reductions ofMELD scores from baseline were observed at day 7
and day 28, especially at day 28 (Figure 4). Subjects withmoderate
AH showed a statistically significant reduction ofMELD scores at
day 28 (P, 0.05), and subjects with severe AH had lower MELD
scores from baseline at day 28 but not statistically significant.

Lille score

Figure 5 shows day 7 Lille score and corresponding baseline
MELD score for each subject with available data after larsucos-
terol treatment. Overall Lille scores were higher in subjects with
severe AH (baseline MELD 21–30) than in subjects with mod-
erate AH (baseline MELD 11–20), and the range of these values

was also wider in subjects with severe AH.Most subjects, 16 of 18
(89%), had their Lille scores ,0.45 (considered as treatment re-
sponders). Two subjects with severe AH allocated to 150mg dose
group had day 7 Lille scores$0.45.

Based on data frommultiple in vitro and in vivo studies, doses
of 30 and 90 mg were the doses for further evaluation in the
phase 2b trial. Lille scores from this subgroup of subjects with

Figure 5. Lille scores andbaselineMELD scores in subjects with AH. Lille scores were calculated onday 7 from individual subjects who returned for sample collection
andwereplottedagainst their correspondingbaselineMELDscores.At thebaseline, subjectswithmoderateAHhadMELDscores of 11–20,while subjectswith severe
AHhadMELDscoresof21–30.Shadedcircles representsubjectswhoreceived30mgof larsucosterol, emptycirclesare thosewhoreceived90mgof larsucosterol, and
shaded squares show those who received 150 mg of larsucosterol. AH, alcohol-associated hepatitis; MELD, model for end-stage liver disease.

Figure 6. Comparative Lille scores of subjects with severe AH from contem-
poraneous studies. Lille scores at day 7 are shown from selected subjects with
severe AH after treatment with SOC, including CS, in an observational arm of
the NIH-funded DASH study (n5 8, solid circle); larsucosterol at 30 or 90mg
doses (n58, solid square); andSOC, includingCS, in a comparisonarmof the
DASH study (n 5 16, solid triangle). **Represents P , 0.01 by t test. AH,
alcohol-associated hepatitis; CS, corticosteroids; DASH, Defeat Alcoholic
Steatohepatitis; NIH, National Institutes of Health; SOC, standard of care.
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severe AH were further analyzed. All 8 subjects with severe AH
in the 30 or 90 mg dose cohorts, irrespective of baseline MELD
score,were treatment responders (Lille score,0.45).Notably, the 2
subjects with the highest baselineMELD scores responded to study
treatment (1 received 30mg and 1 received 90mg of larsucosterol).
Lille scores from 8 subjects with severe AH who received 30 or 90
mg of larsucosterol were compared with 2 well-matched groups of
subjects (n5 8 andn5 16) treatedwith SOC, includingCS, from a
contemporaneously conducted DASH Consortium trial (12).

We initially compared this subgroup of larsucosterol-treated
subjects with an observational arm from the contemporaneous
DASH Consortium trial who received SOC, including CS, be-
cause we were not blinded to laboratory tests or treatment. The
larsucosterol-treated subjects had a statistically significantly
lower Lille score than those in the observational arm (Figure 6).
Based on these data, we subsequently chose a well-matched
larger group (n 5 16) of steroid-treated subjects with severe

AH as a parallel comparison arm. These subjects had a 28-day
follow-up, while observational subjects generally did not have a
1-month laboratory follow-up. The 16-subject comparison arm
had very comparable Lille scores with those of the observational
arm, but notably higher Lille scores after 7-day treatment than
the larsucosterol-treated subjects (P , 0.01) (Figure 6).

Temporal changes in laboratory tests

As shown in Figure 7, MELD scores in subjects from all 3 arms,
including 8 subjects with severe AHwho received 30 and 90mg of
larsucosterol treatment, 8 subjects in the observational arm, and
16 subjects in the parallel comparison arm of the DASH Con-
sortium trial who received SOC treatment (including CS), were
comparable at both baseline and day 7. All 3 arms showed a
similar decrease in MELD scores at day 28.

Of interest, both AST (Figure 8) and ALT (Figure 9) decreased
rapidly in larsucosterol-treated arm, with ALT being statistically

Figure 7.MELD scores over time in subjects with severe AH.MELD scores from subjects with AHwere calculated at baseline (a, left), day 7 (b, middle), and
day 28 (c, right) after the initiation of treatment. Treatment was SOC, including CS, in an observational arm of the NIH-funded DASH study (n 5 8, solid
round); larsucosterol at 30 and 90mg doses (n5 8, solid square); and SOC, including CS, in a larger comparison arm (n5 16, solid triangle) of the DASH
study. Only 1 patient in the observational arm had follow-up laboratory tests at day 28. AH, alcohol-associated hepatitis; CS, corticosteroids; DASH, Defeat
Alcoholic Steatohepatitis; MELD, model for end-stage liver disease; NIH, National Institutes of Health; SOC, standard of care.

Figure8.SerumAST levels over time in subjectswith severeAH. SerumAST levels (IU/L) were determined at baseline (a, left), day 7 (b, middle), andday 28
(c, right) after treatment with SOC, including CS, in an observational arm of the NIH-fundedDASH study (n5 8, solid circle); larsucosterol at 30 and 90mg
doses (n 5 8, solid square); and SOC, including CS, in a larger comparison arm (n 5 16, solid triangle) from the DASH study. Only 1 patient in the
observational arm had follow-up laboratory tests at day 28. AH, alcohol-associated hepatitis; AST, aspartate aminotransferase; CS, corticosteroids; DASH,
Defeat Alcoholic Steatohepatitis; NIH, National Institutes of Health; SOC, standard of care.
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significantly lower than those in the DASH subjects at day 7
(P , 0.01) and day 28 (P , 0.0001). Serum albumin increased
progressively (see Supplementary Figure S2, Supplementary
Digital Content 1, http://links.lww.com/AJG/C933) at day 7 and
day 28, although it was not statistically significantly different from
those in the DASH arm. Serum creatinine remained stable in all 3
arms over time (see Supplementary Figure S3, Supplementary
Digital Content 1, http://links.lww.com/AJG/C933).

DISCUSSION
The results of this study demonstrated excellent safety and toler-
ability of larsucosterol at 3 doses (30, 90, and 150 mg) evaluated in
subjects with AH. The drug exposure was not affected by the dis-
ease severity (moderate or severe AH) and was dose proportional.
Compared with healthy volunteers, decreased clearance of larsu-
costerol in subjects withAHwas the primary contributing factor to
the increased drug exposure observed in these subjects.

Larsucosterol was well-tolerated in this group of subjects with
moderate or severe AH. There were no drug-related serious ad-
verse events. Although 3 subjects experienced TEAE, they were
mild to moderate and resolved spontaneously. Safety of larsu-
costerol in subjects with severe AH is being monitored in the
follow-up, placebo-controlled, 300-subject AHFIRM trial.

Although this study was small and without a control arm, the
results were encouraging and compared favorablywith 2matched
control arms treated with SOC, including CS. Most notably, all
subjects, 7 moderate AH with MELD scores 11–20 and 12 severe
with MELD scores 21–30, treated with larsucosterol survived the
28-day study period, with the disease that typically has an overall
1-month mortality rate of approximately 15%–26% (2,3,5).

Subjects enrolled in this pilot study had an upper MELD score
cutoff at 30. The same cutoff is also used in the ongoing phase 2b
(AHFIRM) trial to demonstrate benefits of larsucosterol over the
current SOC, including the use ofCS, for severeAH.CS is generally
used in severe AH if a patient has an MELD score .20 without
contraindications. Although the STOPAH trial did not observe
long-termbenefits ofCS, it did showamoderate reductionof short-
term mortality, which, however, was mainly observed in patients
with MELD scores,30 (5).

Most of the subjects (74% of all subjects and 67% of those with
severe AH) were discharged #72 hours after receiving only 1 in-
fusion. Serum total bilirubin levels were decreased at day 7 after
larsucosterol treatment,MELD scores improved at day 28, and day 7
Lille scores were,0.45 in 16 of 18 (89%) subjects. These combined
efficacy signals added credence to the observed clinical responses.

AH is a serious complication of heavy alcohol consumptionwith
significant morbidity and mortality. Numerous agents have been
evaluatedbut failed to improveoutcomes. In fact, theoutcomeofAH
has barely changed in the past 50 years. Enthusiasm for pentox-
ifylline and/or CS has declined after the STOPAH trial, which
showed no long-term benefit of these drugs (5). Our data from this
pilot study showed that larsucosterol treatmentwas not only safe but
also no deaths occurred in these subjects with AH, including severe
AH. In addition, the Lille scores compared favorably with well-
matched subjects treated with SOC, including CS, from the DASH
Consortium trial. The efficacy of larsucosterol, including 90-day
mortality, is being assessed in the well-powered (300 subjects),
double-blinded, randomized, and placebo controlled AHFIRM trial.

More and more studies have suggested that epigenetic dysre-
gulation, including abnormal DNMT activities and aberrant DNA
methylation, is associatedwith certain diseases. InAHpathogenesis,
Argemi et al (8) investigated factors involved in the development of
liver failure using liver samples frompatients withAH. Their results
showed profound changes in hepatic DNA methylation and tran-
scriptome, suggesting the involvement of epigenetic factors in the
disease. Remarkably, expressions of DNMT1 and 3a were greatly
increased in the livers of patients with AH compared with those in
normal subjects or patients with other liver disease.

Larsucosterol, endogenously as 25HC3S, was discoveredwhen
the mitochondrial membrane STARD1 was overexpressed, sug-
gesting the production of themolecule was induced in response to
intracellular signals. In a recently published study by Wang et al
(11), 25HC3S bound to and inhibitedDNMT1, 3a and 3b, thereby
inhibiting high glucose-induced DNA hypermethylation and
affecting .1,000 genes involved in approximately 80 signaling
pathways in cultured hepatocytes. It was proposed that 25HC3S,
as an endogenous molecule, may modulate cellular energy/lipid
metabolism, cell proliferation/differentiation, cell death/survival,
and tissue regeneration by regulating DNMT activities.

Figure 9. SerumALT levels over time in subjects with severe AH. SerumALT levels (IU/L) were determined at baseline (a, left), day 7 (b, middle), and day 28
(c, right) after treatment with SOC, including CS, in an observational arm of the NIH-fundedDASH study (n5 8, solid circle); larsucosterol at 30 and 90mg
doses (n5 8, solid square); andSOC, including CS, in a larger comparison arm (n5 16, solid triangle) of theDASH study. Only 1 patient in the observational
cohort had follow-up laboratory tests at day28. **RepresentsP,0.01by t test. ****RepresentsP,0.0001by t test. AH, alcohol-associatedhepatitis; ALT,
alanine aminotransferase; CS, corticosteroids; DASH, Defeat Alcoholic Steatohepatitis; NIH, National Institutes of Health; SOC, standard of care.
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This trial is a pilot study and uses contemporaneous controls. It
was not designed to evaluate gender or dose effects or to compare
with other agents.

In summary, data from this pilot study showed promising
efficacy signals of larsucosterol in subjects with AH, including
subjects with severe AH. There is also a strong scientific rationale
for further evaluating larsucosterol for severe AH.
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Study Highlights

WHAT IS KNOWN

3 Alcohol-associated hepatitis (AH) has a high mortality in
patients who require hospitalization.

3 Currently, there are no US FDA–approved drugs for AH.
3 Corticosteroids failed to show a 90-day survival benefit.

WHAT IS NEW HERE

3 Larsucosterol is a newly discovered endogenous molecule
and found to be an epigenetic modulator.

3 As a pharmaceutical agent, larsucosterol may be a novel drug
for the treatment of AH.
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