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Impact and implications

 Vonafexor is an FXR agonist in development for patients
with NASH and at-risk liver ﬁbrosis.

Non-alcoholic steatohepatitis (NASH) has become a leading
cause of chronic liver disease worldwide. Affected patients are
also at higher risk of developing chronic kidney disease. There
are no approved therapies and only few options to treat this
population. The phase IIa LIVIFY trial results show that single
daily administration of oral vonafexor, an FXR agonist, leads in
the short term to a reduction in liver fat, liver enzymes, ﬁbrosis
biomarkers, body weight and abdominal circumference, and a
possible improvement in kidney function, while possible mild
moderate pruritus (a peripheral FXR class effect) and an LDLcholesterol increase are manageable with lower doses and
statins. These results support exploration in longer and larger
trials, with the aim of addressing the unmet medical need
in NASH.

 In this randomized trial, vonafexor was safe, induced liver fat
reduction and weight loss, and improved liver enzymes and
renal function.
 As NASH increases the risk of kidney problems, these results support development of vonafexor for patients with
liver and kidney disease.
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Background & Aims: The LIVIFY trial investigated the safety, tolerability, and efﬁcacy of vonafexor, a second-generation, non-bile
acid farnesoid X receptor agonist in patients with suspected ﬁbrotic non-alcoholic steatohepatitis (NASH).
Methods: This double-blind phase IIa study was conducted in two parts. Patients were randomised (1:1:1:1) to receive placebo,
vonafexor 100 mg twice daily (VONA-100BID), vonafexor 200 mg once daily (VONA-200QD), or 400 mg vonafexor QD (VONA400QD) in Part A (safety run-in, pharmacokinetics/pharmacodynamics) or placebo, vonafexor 100 mg QD (VONA-100QD), or
VONA-200QD (1:1:1) in Part B.
The primary efﬁcacy endpoint was a reduction in liver fat content (LFC) by MRI-proton density fat fraction, while secondary
endpoints included reduced corrected T1 values and liver enzymes, from baseline to Week 12.
Results: One hundred and twenty patients were randomised (Part A, n = 24; Part B, n = 96). In Part B, there was a signiﬁcant
reduction in least-square mean (SE) absolute change in LFC from baseline to Week 12 for VONA-100QD (-6.3% [0.9]) and VONA200QD (-5.4% [0.9]), vs. placebo (-2.3% [0.9], p = 0.002 and 0.012, respectively). A >30% relative LFC reduction was achieved by
50.0% and 39.3% of patients in the VONA-100QD and VONA-200QD arms, respectively, but only in 12.5% in the placebo arm.
Reductions in body weight, liver enzymes, and corrected T1 were also observed with vonafexor. Creatinine-based glomerular
ﬁltration rate improved in the active arms but not the placebo arm. Mild to moderate generalised pruritus was reported in 6.3%,
9.7%, and 18.2% of participants in the placebo, VONA-100QD, and VONA-200QD arms, respectively.
Conclusions: In patients with suspected ﬁbrotic NASH, vonafexor was safe and induced potent liver fat reduction, improvement
in liver enzymes, weight loss, and a possible renal beneﬁt.
Clinical trial number (EudraCT): 2018-003119-22.
ClinicalTrials.gov Identiﬁer: NCT03812029.
© 2022 The Authors. Published by Elsevier B.V. on behalf of European 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
Non-alcoholic steatohepatitis (NASH) is a progressive form of
non-alcoholic fatty liver disease (NAFLD) marked by varying
levels of steatosis, hepatocellular damage, inﬂammation, and
ﬁbrosis that can progress to cirrhosis, liver failure, and hepatocellular carcinoma if uncontrolled.1 The prevalence of NASH
has increased over the past decade making it one of the most
common causes of liver transplantation in the USA.2–4 Common comorbidities include obesity, type 2 diabetes mellitus
(T2DM), hypertension, and cardiac diseases. NAFLD and NASH
are also associated with an increased risk of chronic kidney
disease (CKD).5,6 The presence of NAFLD is associated with
higher rates of CKD and increased ﬁbrosis on kidney biopsy,
even after controlling for common risk factors such as T2DM,

hypertension, and obesity.5,7–9 There are currently no drugs
approved for the treatment of NASH.10
The farnesoid X receptor (FXR) is a nuclear hormone receptor
that is highly expressed in the liver, intestine, kidney, and to a
lesser extent in adrenal glands, and cardiovascular tissue.11,12
Primary functions of FXR include bile acid homeostasis and
regulation of bile acid biosynthesis from cholesterol. However,
FXR also affects glucose and lipid metabolism, oxidative stress,
inﬂammation, and the microbiome. Treatment with FXR agonists
can induce histological improvement of hepatic ﬁbrosis and other
NASH-related histological lesions.13,14 However, pruritus,13 increases in LDL-cholesterol,15 and increased bile lithogenicity16
limit clinical application of existing FXR agonists. There remains
an unmet need for FXR agonists that maintain the histological
beneﬁts while minimizing side effects.10
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FXR agonist vonafexor for suspected ﬁbrotic NASH
Vonafexor (EYP001a) is a second-generation, synthetic,
non-steroidal, non-bile salt, orally active carboxylic acid FXR
agonist that is currently under development for the treatment of
chronic liver diseases. In vitro, vonafexor is a potent and highly
selective FXR agonist, and early clinical data have shown good
efﬁcacy and safety at oral doses of up to 500 mg QD. The
LIVIFY study presented herein investigated safety, tolerability
and efﬁcacy of vonafexor compared with placebo in patients
with either biopsy-conﬁrmed NASH ﬁbrosis or suspected
NASH with ﬁbrosis as determined by non-invasive testing.

Patients and methods
Study design and participants
This phase IIa, randomised, double-blind, multicentre, placebocontrolled study was conducted in two parts (Part A and Part B)
at 40 sites across the USA and Europe to evaluate the safety
and efﬁcacy of vonafexor in men and women aged 18 years or
older with ﬁbrotic NASH, diagnosed histologically or clinically.
Histological diagnosis of ﬁbrotic NASH, when available from
history (within 12 months of screening), was based on a liver
biopsy documenting steatohepatitis and ﬁbrosis stage 2 or 3
according to the NASH CRN classiﬁcation.17 In the absence of
a liver biopsy, a clinical diagnosis of ﬁbrotic NASH was deﬁned
®
as liver stiffness >
−8.5 kPa (FibroScan vibration-controlled
transient elastography [VCTE], compatible with liver ﬁbrosis
stage 2 or 3), FibroScan controlled attenuation parameter
compatible with the presence of steatosis (i.e. >300 dB/m), LFC
of >
−10% (measured by MRI-PDFF), and exclusion of non-NASH
liver disease. Patients were excluded from the study if they had
a BMI >45 kg/m2, type 1 diabetes, a history of clinically signiﬁcant cardiovascular or cerebrovascular disease (within 90
days of ﬁrst drug administration), were immunocompromised,

or had a history of cirrhosis or liver decompensation, alanine
aminotransferase (ALT) >5x the upper limit of normal (ULN), or
aspartate aminotransferase (AST) >5x ULN. Full inclusion and
exclusion criteria are provided in the study protocol.
Part A was comprised of a 12-week treatment period, which
included a 28-day safety run-in period with intense pharmacokinetic/pharmacodynamic (PK/PD) monitoring on Days 1 and
14 and a 2-week safety follow-up period (Fig. 1). Part B was
initiated following completion of an unblinded review of Part A
by an external, independent Data Safety Monitoring Committee. Part B comprised a 12-week treatment period and a 2week safety follow-up (Fig. 1). The primary endpoint was
assessed separately at Week 12 for Part A and Part B.
The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki, the International
Council for Harmonisation Guidelines for Good Clinical Practice, and with local regulatory requirements. All patients
included in the study provided written informed consent.

Sample size
Sample size for Part A was determined using an empirical PK/
PD sample size estimate of n = 6 per arm. The sample size of
Part B was determined based on the primary efﬁcacy endpoint
of absolute change in LFC from baseline to Week 12. It was
assumed that the treatment difference between each active
treatment arm and placebo was at least 5.1% with a common
SD of 5.8%. An estimated sample size of 30 patients per
treatment arm was considered sufﬁcient based on a 2-sample
Z-test with the power of 0.8, and overall family-wise 1-sided
alpha of 0.025 (or each active vs. placebo alpha = 0.0125 after Bonferroni adjustment). Calculations also accounted for an
approximate dropout rate of 13%.
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Randomisation and procedures
In Part A, patients were randomised centrally (1:1:1:1) by
interactive response technology to receive placebo, vonafexor
100 mg twice daily (VONA 100BID), vonafexor 200 mg once
daily (VONA 200QD), or 400 mg vonafexor QD (VONA 400QD),
stratiﬁed by statin use and T2DM status.
In Part B, patients were randomised centrally (1:1:1) by
interactive response technology to receive placebo QD, VONA100QD, or VONA-200QD (100 mg of vonafexor for the ﬁrst 2
weeks, and 200 mg thereafter), stratiﬁed by statin use and LFC
(LFC <16%, 16%<
− LFC <22%, and 22%<
− LFC).
The study team, patients, investigators, and all clinical site
personnel were blinded for the duration of the trial. Two planned Data Safety Monitoring Committee interim analyses were
conducted by an independent unblinded statistician to maintain
the study blind; the ﬁrst (inclusive of all available safety and PK/
PD data from the Part A safety run-in cohort) was conducted
before treatment was initiated in Part B, the second was performed when 50% of patients had completed Week 8 of Part B.
LFC and iron-corrected T1 (cT1) MRI imaging were
measured at screening and at Week 12 or end of treatment in
Part A and Part B, as part of the primary and secondary efﬁcacy
assessments using standardised imaging protocols.18–20 Body
measurements and blood samples for lipid and metabolic
proﬁling were obtained at scheduled visits in Part A and Part B.
Biochemical markers of liver ﬁbrosis and inﬂammation included
ALT, AST, AST/ALT ratio, gamma-glutamyl transferase (GGT),
adiponectin, high-sensitivity C-reactive protein, interleukin 6,
tumour necrosis factor-alpha, cytokeratin-18, ﬁbronectin, hyaluronic acid, procollagen type III N-terminal peptide, tissue
inhibitor of metalloproteinases-1 (and derived enhanced liver
ﬁbrosis score), Pro-C3, chitinase-3-like protein 1 (also known
as YKL-40) and derived Fibrotest and Fibrometer scores (both
post hoc).
Clinical safety laboratory parameters (chemistry, haematology, and coagulation) and other safety parameters were
assessed at all scheduled visits. Kidney parameters included
estimated glomerular ﬁltration rate (eGFR [ml/min/1.73m2]
assessed by the Modiﬁcation of Diet in Renal Disease formula), blood urea nitrogen (mg/dl) and uric acid (mmol/L).
Adverse events of special interest (AESIs) included musclerelated adverse events (AEs), drug-induced liver injury (DILI)
and pruritus (assessed using a visual analogue scale and the
5-D [degree, duration, direction, disability, and distribution]
itch scale).21,22
PK/PD proﬁles were assessed during the Part A safety runin. PK sampling took place on Day 1 and Day 14. PD markers
were 7-a-hydroxy-4-cholesten-3-one (C4) and ﬁbroblast
growth factor 19 (FGF19). Sampling was conducted in a fasted
state from 0 h (pre-dose) to 4 h post-dose, inclusive. Vonafexor,
FGF19 and C4 concentrations were determined using validated
bioanalytical methods in accordance with good laboratory practices.
Outcomes
All endpoints were assessed separately for Part A and Part B. The
primary efﬁcacy endpoint in Part A and Part B was the absolute
change in LFC from baseline to Week 12. Key secondary efﬁcacy
endpoints included: absolute and relative reduction from baseline
in LFC at Week 12; change in MRI-derived cT1; changes in liver

elastography (by FibroScan VCTE), BMI and other body parameters from baseline to Week 12.
Safety and tolerability assessments included monitoring of
AEs, ﬁndings from physical examinations, vital signs, 12-lead
electrocardiogram, and clinical safety laboratory parameters.
Coadministration of vonafexor with statins, the impact of treatment on lipid and metabolic proﬁles, biomarkers of liver ﬁbrosis,
inﬂammation and kidney parameters were also assessed.
Statistical analysis
In Part A, analysis of LFC and cT1 was performed using the
modiﬁed intent-to-treat (mITT) population (patients who had
valid baseline and Week 12 or early termination measurements
of LFC), all other analyses were performed using the ITT or
safety populations, as applicable. An analysis of covariance
(ANCOVA) model was used with baseline fat fraction as a covariate, and treatment, statin use, and T2DM status as factors.
Due to the small sample size all study efﬁcacy endpoints were
assessed for Vonafexor pooled (n = 17) vs. placebo (n = 7).
In Part B, primary and secondary efﬁcacy analyses are
presented by treatment arm. Analysis on LFC and cT1 were
performed using the mITT population. Statin use and LFC at
screening were included as factors in the ANCOVA model with
pairwise treatment comparisons least-square (LS) means, SE,
95% CI, and p values presented. The Bonferroni method was
used to adjust the three tests for multiplicity and to control the
0.05 and two-sided family-wise type I error. All analyses were
also performed on the ITT population showing similar results
but are not presented here.
All secondary efﬁcacy variables were summarised using
descriptive statistics and were performed on the ITT population. Statistical analysis based on change from baseline to
Week 12 or Week 14, was conducted using an ANCOVA
model. Variables measured at multiple timepoints (eGFR,
apolipoprotein B, serum cholesterol, HDL-cholesterol, LDLcholesterol, lipoprotein-a, and haemoglobin A1c; Wilcoxon
Rank-Sums analysis was performed on triglycerides) were
analysed using a mixed model for repeated measures.
Responder (categorical) variables were analysed using a
Cochran-Mantel-Haenszel test.
Analysis of responder variables was repeated using logistic
regression models, adjusting for treatment, statin use, and
T2DM status at screening in Part A, and by treatment and statin
use in Part B.
Safety analysis was conducted on the safety population
(patients administered at least one dose of study drug).

Results
Study participants were enrolled between 30 January 2019 and
24 March 2021.
Part A – safety run-in, PK and efﬁcacy of vonafexor in
patients with NASH
In Part A, 24 of the 153 patients screened were randomised to
one of the four parallel treatment arms forming the safety run-in
cohort (vonafexor pooled: n = 17, placebo: n = 7) (Fig. S3).
Seven of 17 (41.2%) patients in the vonafexor arms, and 5/7
(71.4%) patients in the placebo arm completed Part A. Nine
patients treated with vonafexor discontinued due to an AE.
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Table 1. Demographic and baseline characteristics (Part A and Part B).
Part A

Age (years), mean (SD)
Sex, n (%)
Male
Female
Ethnicity, n (%)
Hispanic or Latino
Not Hispanic or Latino
Race, n (%)
American Indian or Alaska
Native
Black or African American
White
Other
BMI (kg/m2), mean (SD)
Waist circumference (cm),
mean (SD)
NASH comorbidities, n (%)
Type 2 diabetes
Hypertension
Statin use
Liver histology ﬁbrosis stage#
1
2
3
No biopsy available
Liver/kidney health,
mean (SD)
LFC (%)
cT1 (ms)
LSM (kPa)
CAP (dB/m)
ALT (U/L)
AST (U/L)
GGT (U/L)
A2M (mg/dl)
hs-CRP (mg/L)
Fibrometer score
Fibrotest score
eGFR, mean (SD)
Lipid/metabolic, mean (SD)
Apolipoprotein B (mg/dl)
Total cholesterol (mg/dl)
LDL-cholesterol (mg/dl)
HDL-cholesterol (mg/dl)
Triglycerides (mg/dl)
Uric acid (mg/dl)
HbA1c (%)

Part B

Placebo
(n = 7)

Vonafexor
pooled (n = 17)

Placebo
QD (n = 32)

Vonafexor 100 mg
QD (n = 31)

Vonafexor 200 mg
QD (n = 33)

48.7 (18.4)

56.1 (8.9)

57.3 (10.3)

58.1 (13.7)

54.0 (11.9)

5 (71.4)
2 (28.6)

3 (17.6)
14 (82.4)

14 (43.8)
18 (56.3)

17 (54.8)
14 (45.2)

12 (36.4)
21 (63.6)

2 (28.6)
5 (71.4)

5 (29.4)
12 (70.6)

6 (18.8)
26 (81.3)

8 (25.8)
23 (74.2)

10 (30.3)
23 (69.7)

0

0

0

0

1 (3.0)

0
7 (100.0)
0
39.30 (10.2)
128.9 (31.5)

1 (5.9)
16 (94.1)
0
38.78 (9.0)
116.1 (16.0)

3 (9.4)
29 (90.6)
0
34.31 (4.3)
112.6 (13.0)

2 (6.5)
26 (83.9)
3 (9.7)
34.26 (4.1)
111.4 (8.6)

1 (3.0)
31 (93.9)
0
35.40 (5.1)
114.1 (11.8)

4 (57.1)
3 (42.9)
4 (57.1)

10 (58.8)
15 (88.2)
9 (52.9)

19 (59.4)
19 (59.4)
11 (34.4)

15 (48.4)
22 (71.0)
11 (35.5)

13 (39.4)
18 (54.5)
12 (36.4)

0
0
0
7 (100)

0
0
1 (5.9)
15 (88.2)

2 (6.3)#
3 (9.4)
0
27 (84.4)

2 (6.5)
0
0
29 (93.6)

0
0
2 (6.1)
31 (93.9)

22.77 (3.1)
866.1 (60.6)
12.26 (6.5)
373.3 (33.5)
75.6 (41.7)
48.1 (27.0)
68.9 (45.6)
221.7 (77.6)
4.14 (2.0)
n.a.
n.a.
89.6 (21.7)

17.31 (5.8)
851.8 (92.5)
11.95 (2.9)
342.3 (36.8)
41.5 (15.8)
33.5 (11.9)
66.4 (71.3)
222.3 (66.6)
6.61 (7.4)
n.a.
n.a.
90.4 (22.9)

20.93 (7.2)
903.0 (94.9)
11.96 (4.9)
353.0 (29.3)
54.0 (32.6)
34.8 (15.1)
63.5 (43.6)
218.0 (77.7)
5.08 (5.6)
0.45 (0.23)
0.30 (0.21)
91.4 (18.7)

19.77 (6.3)
874.5 (128.0)
10.85 (2.0)
345.7 (30.1)
55.9 (32.1)
37.1 (14.8)
68.3 (54.7)
233.4 (85.5)
3.58 (3.2)
0.49 (0.24)
0.36 (0.25)
86.2 (16.2)

20.05 (6.7)
924.9 (99.1)
10.40 (2.3)
342.5 (24.8)
51.6 (30.6)
33.7 (14.2)
55.4 (25.0)
204.4 (73.3)
7.47 (8.6)
0.36 (0.21)
0.26 (0.18)
93.0 (21.7)

101.6 (41.2)
188.7 (66.8)
98.2 (65.4)
39.9 (8.3)
252.1 (161.7)
6.40 (1.4)
6.71 (1.5)

90.4 (17.7)
169.0 (24.1)
94.8 (25.0)
43.8 (6.9)
155.5 (94.0)
5.61 (1.2)
6.78 (1.2)

92.1 (24.5)
174.0 (39.4)
97.8 (32.9)
46.1 (13.0)
134.5 (84.0)
5.63 (1.1)
6.59 (1.0)

97.7 (30.9)
186.3 (47.4)
104.7 (44.9)
48.3 (13.3)
161.0 (78.0)
6.09 (1.4)
6.47 (1.3)

97.6 (28.7)
184.5 (43.9)
103.1 (41.1)
47.1 (14.2)
143.0 (104.0)
5.81 (1.6)
6.33 (1.2)

A2M, alpha 2-macroglobulin; ALP, alkaline phosphatase, ALT, alanine aminotransferase; AST, aspartate aminotransferase; CAP, controlled attenuation parameter; C4, 7-a-hydroxy4-cholesten-3-one; CKD, chronic kidney disease; cT1, iron-corrected T1; eGFR, estimated glomerular ﬁltration rate; HbA1c, haemoglobin A1c; hs-CRP, high-sensitivity C-reactive
protein; LFC, liver fat content; LSM, liver stiffness measurement; NASH, non-alcoholic steatohepatitis; QD, once daily.
#
Data from medical history biopsy report prior to screening (median –236, range -25 to -355 days), Stage 1: 1A (n = 1), 1B or 1C (n = 3). No statistical testing.

Demographic and baseline clinical characteristics were
similar between the vonafexor pooled and the placebo arms
and were generally representative of the typical NASH population (Table 1).
For the primary efﬁcacy endpoint, absolute LFC (LS mean
(%), [95% CI, p value]) decreased signiﬁcantly from baseline to
Week 12 with vonafexor treatment (vonafexor pooled: -4.71%
[-8.47, -0.94; p = 0.02], placebo: 3.92%, [-2.52, 10.36; p = 0.21])
(Fig. S1). The difference vs. placebo was: -8.62%, (-16.64,
-0.61; p = 0.037).
Secondary efﬁcacy analyses also showed that treatment
with vonafexor reduced weight, waist circumference, levels of

4

the ﬁbro-inﬂammatory imaging biomarker cT1, and improved
markers of liver disease (including an initial reduction in ALT
and consistent reduction in GGT; Fig. S2).
Extensive PK/PD analysis performed on Day 1 and Day 14
showed a variable vonafexor absorption phase. Cmax was
achieved between 1 and 6 h (for VONA-100BID, VONA200QD, and VONA-400QD). On Day 1, median drug exposure
(AUCtau) in the treatment arms was similar (13,441 and
16,495 ng h/ml for VONA-200QD and VONA-400QD,
respectively). Median Cmax increased with dose but seemed
to be less than dose-proportional (1,195, 2,220 and 3,565 ng/
ml on Day 1 for VONA-100BID, VONA-200QD, and VONA-
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Fig. 2. Change in LFC assessed by MRI-PDFF from baseline to Week 12 (Part B). LFC LS mean (SE) change: (A) absolute, (B) absolute individual, (C) relative, (D)
relative individual. Solid red line marks a 5%, dotted line a 10% absolute reduction (B), 30% relative reduction (D), % numbers show patients below cut-offs. Signiﬁcance vs. placebo: *p <0.05, **p <0.01***, p <0.005, (ANCOVA test). LFC, liver fat content; LS, least-square; MRI-PDFF, MRI-proton density fat fraction.

400QD, respectively). Cmax and AUCtau values tended to be
lower after repeated exposure on Day 14 than on Day 1.
FGF19 plasma concentrations increased and C4 levels
decreased post-vonafexor dosing as expected for a nuclear
FXR agonist. C4 concentrations reached a minimum between 10 and 12 h post-vonafexor dosing, before returning
to levels below baseline in most patients. Minimum C4 levels
were lower on Day 14 (VONA-200QD: 1.11 to 1.29 ng/ml,
VONA-400QD: 0.56 to 3.73 ng/ml) after repeat vonafexor
dosing than on Day 1 (VONA-200QD: 1.22 to 2.47 ng/ml,
VONA-400QD: 2.46 to 10.0 ng/ml). Maximum FGF19 plasma
concentrations were higher on Day 14 (VONA-100BID: 517 to
2,890 pg/ml, VONA-200QD: 3,510 to 6,740 pg/ml, and
VONA-400QD: 847 to 9,640 pg/ml) than on Day 1 (VONA100BID: 427 to 1,530 pg/ml, VONA-200QD: 678 to 1,910 pg/
ml, and VONA-400QD: 290 to 4,530 pg/ml), and were achieved between 4-10 h, 6-10 h and 4-12 h before decreasing
in the VONA-100BID, VONA-200QD and VONA-400QD
treatment arms, respectively. For placebo, FGF19 levels
were stable post-dosing, while C4 levels were lower
pre-dosing.
No unexpected safety concerns with respect to liver or
muscle toxicity were identiﬁed for vonafexor. The most
frequent treatment-emergent adverse event (TEAE) was

pruritus, reported by 16 of the 17 patients receiving vonafexor, and none of the seven patients receiving placebo. Most
TEAEs were mild or moderate in severity, two severe TEAEs
were reported (pruritus in the VONA-400QD arm and nephrolithiasis in the VONA-100BID arm). Grade >
−2 post-baseline
aminotransferase elevations were reported for three
vonafexor-treated patients in Part A, alternative aetiologies
and confounding concomitant medications were identiﬁed for
two. None of these events met the deﬁnition of Hy’s Law for
DILI. No deaths and no serious AEs were reported.
Part B – safety and efﬁcacy of vonafexor in patients
with NASH
Disposition, demographics, and baseline characteristics
In Part B, 96 of the 337 individuals screened were randomised
to one of three treatment arms to receive VONA-100QD (n =
31), VONA-200QD (n = 33), or placebo QD (n = 32) (Fig. S3).
All 96 patients received at least one dose of study treatment
and were included in the safety and ITT population. Eighty
eight of the 96 patients included in the ITT had a valid LFC
measurement at both baseline and Week 12/end of treatment
and were included in the mITT (n = 28 for VONA-100QD, n =
28 for VONA-200QD, and n = 32 for placebo QD).
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cT1 relative mean change
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change from baseline (%)
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Fig. 3. Change in cT1 from baseline to Week 12 (Part B). cT1 LS mean (SE) change: (A) absolute, (B) absolute individual, (C) relative change, (D) relative individual
change. Solid red line marks a -88 ms absolute reduction, % number of patients below cut-off. Signiﬁcance vs. placebo: *p <0.05, **p <0.01, ***p <0.005, (ANCOVA
test). cT1, iron-corrected T1; LS, least-square.

The demographic and baseline characteristics for the ITT
population were similar across the treatment arms and were
generally representative of the typical NASH population
(Table 1). Similar results were reported for the mITT population.
Vonafexor efﬁcacy
For the primary efﬁcacy endpoint, there was a signiﬁcant
change in absolute LFC from baseline to Week 12 (LS mean
[95% CI; p value]) across all three treatment arms (Fig. 2):
-2.3%, (-4.0, -0.6; p = 0.008) for placebo, -6.3% (-8.1, -4.5; p
<0.0001) for VONA-100QD and -5.4%, (-7.2, -3.6; p <0.0001)
for VONA-200QD. The LFC decrease was signiﬁcantly greater
for the active treatment arms compared to placebo. In secondary efﬁcacy analyses, a higher proportion of vonafexortreated patients also achieved an absolute reduction in LFC
of >
−5% and a relative reduction >
−30%.
Liver cT1 also decreased signiﬁcantly from baseline to Week
12 for VONA-100QD and VONA-200QD compared to placebo
(Fig. 3). A positive correlation between liver fat and cT1
changes was seen (R = 0.74, p <0.0001).
Additional secondary efﬁcacy analyses of biomarkers of liver
health and inﬂammation in patients who received vonafexor are
presented in Table 2. Vonafexor signiﬁcantly reduced serum
levels of GGT at Week 12, this improvement was sustained at
Week 14 (Table 2 and Fig. 4). Levels of the ﬁbro-inﬂammatory
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marker alpha 2-macroglobulin were also markedly reduced in
the vonafexor-treated arms when compared to placebo at
Week 12 (Table 2 and Fig. 4).
A signiﬁcant mean reduction in ALT levels from baseline to
Week 12 was observed for the placebo arm and the VONA100QD arm, but not for the VONA-200QD arm (Table 2). In a
post hoc analysis that excluded the one patient in VONA200QD arm who experienced a serious transaminase increase
due to previously undiagnosed autoimmune hepatitis, signiﬁcance was also demonstrated for VONA-200QD (Fig. 4). An
additional post hoc responder analysis using a decrease of 17
U/L or more as a cut-off value, showed that an ALT response
was achieved at Week 12 in 52% of the patients in VONA100QD arm vs. 25% of patients in the placebo arm (p <0.05).
There were no other clinically relevant differences found between the vonafexor and placebo arms for the other hepatic or
inﬂammatory biomarkers assessed, except for a signiﬁcant
decrease in alpha 2-macroglobulin, a proteinase inhibitor
known to be elevated in diabetes.
By Week 12, body weight, waist circumference, waist-to-hip
ratio, and waist-to-height ratio were also signiﬁcantly reduced
to a greater extent in the vonafexor treatment arms compared
to placebo (Fig. 4). A decrease in body weight of >
−3 kg was
reported in 24.0% of patients in the VONA-100QD arm, 30.8%
of patients in the VONA-200QD arm, and in 15.6% of patients in
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Table 2. Changes in primary and secondary endpoints (Part B).
LS mean difference vonafexor vs. placebo (95% CI)

Change from baseline to week 12 or week 14a, LS mean (95% CI)
Parameter

Primary endpoint
LFC, % absolute fat
Key secondary endpoints
LFC, % relative fat
cT1 (ms)

Journal of Hepatology, July 2022. vol.
- j

1–14

Vonafexor 100 mg QD (n/N = 28/31)

Vonafexor 200 mg QD (n/N = 28/33)

Vonafexor 100 mg QD

Vonafexor 200 mg QD

-2.3 * (-4.0, -0.6)

-6.3 * (-8.1, -4.5)

-5.4 * (-7.2, -3.6)

-4.0 * (-6.5, -1.6)

-3.1 * (-5.6, -0.7)

-10.5* (-19.0 -2.0)
-9.9 (-38.5, 18.7)

-30.4* (-39.4, -21.3)
-80.2* (-110.6, -49.8)

-25.3* (-34.3, -16.2)
-71.8* (-100.4, -43.2)

-19.9* (-32.1, -7.7)
-70.3* (-111.0, -29.5)

-14.8* (-27.0, -2.6)
-61.9* (-100.8, -23.1)

-11.7* (-18.9, -4.6)
-7.2* (-11.6, -2.8)
-3.9 (-9.9, 2.2)
-0.05* (-0.1, 0.0)
1.0 (-4.9, 7.0)

-16.3* (-24.1, -8.4)
-5.0* (-9.8, -0.1)
-40.6* (-47.1, -34.0)
-0.1* (-0.2, 0)
19.0* (12.6, 25.5)

-7.5 (-15.3, 0.4)
0.1 (-4.7, 5.0)
-34.1* (-40.6, -27.7)
-0.1* (-0.2,-0.1)
22.4* (15.9, 28.8)

-4.5 (-15.1, 6.1)
2.3 (-4.2, 8.8)
-36.7* (-45.6, -27.8)
-0.05 (-0.1, 0)
18.0* (9.3, 26.7)

4.3 (-6.3, 14.9)
7.3* (0.8, 13.9)
-30.2* (-39.0, -21.4)
-0.1* (-0.2, 0)
21.3* (12.6, 30.0)

-0.015 (-0.078, 0.047)
-0.7 (-3.3, 1.9)
9.6 (-14.6, 33.8)
-0.9 (-3.1, 1.3)
-7.8 (-21.7, 6.2)
-104.3* (-192.2, -16.4)
3,678 (-21,089, 28,445)
-0.02 (-0.23, 0.19)
4.3 (-3.2, 11.9)
-2.0* (-3.6, -0.3)
-0.17* (-0.25, -0.09)
-7.3 (-23.8, 9.15)
0 (-0.04, 0.04)
0 (-0.02, 0.02)

0.210* (0.142, 0.278)
2.6 (-0.2, 5.4)
8.9 (-17.8, 35.6)
2.4 (-0.1, 4.8)
-4.0 (-19.2, 11.2)
-101.2* (-198.1, -4.3)
29,564* (2,991, 56,137)
0.11 (-0.12, 0.34)
-25.9* (-34.5, -17.4)
-1.6 (-3.3, 0.0)
-0.19* (-0.29, -0.10)
-26.88 (-43.8, -9.9)
-0.06* (-0.11, -0.02)
-0.06* (-0.09, -0.03)

0.111* (0.043, 0.178)
-2.0 (-5.0, 1.0)
-1.2 (-29.8, 27.3)
-1.0 (-3.6, 1.7)
-1.9 (-18.0, 14.1)
-16.0 (-119.0, 87.1)
5,183 (-21,936, 32,302)
-0.08 (-0.32, 0.17)
-18.4* (-27.3, -9.5)
-2.9* (-4.6, -1.1)
-0.17* (-0.28, -0.06)
-19.56 (-37.15, -1.9)
-0.01 (-0.06, 0.04)
-0.03* (-0.06, 0)

0.225* (0.133, 0.317)
3.3 (-0.5, 7.1)
-0.7 (-36.4, 35.1)
3.3 (0.0, 6.6)
3.8 (-16.6, 24.2)
3.1 (-126.8, 133.0)
25,886 (-9,945, 61,717)
0.13 (-0.18,0.44)
-30.3* (-41.6, -18.9)
0.3 (-2.0, 2.6)
-0.02 (-0.11, 0.11)
-19.56 (-42.9, 3.8)
-0.06 (-0.13, 0.01)
-0.06* (-0.09, -0.02)

0.126* (0.035, 0.218)
-1.3 (-5.2, 2.6)
-10.8 (-48.0, 26.4)
-0.0 (-3.5, 3.4)
5.8 (-15.3, 27.0)
88.3 (-46.2, 222.8)
1,505 (-34,863, 37,874)
-0.05 (-0.38, 0.27)
-22.8* (-34.4, -11.1)
-0.9 (-3.3, 1.5)
0 (-0.13, 0.14)
-12.24 (-36.1, 11.6)
-0.01 (-0.06, 0.06)
-0.03 (-0.07, 0)

-0.5 (-4.0, 2.9)
0.237 (-0.252, 0.727)
-14.381 (-30.669, 1.907)
-0.209 (-0.486, 0.068)
-0.261* (-0.455, -0.066)

2.0 (-1.9, 5.9)
0.241 (-0.285, 0.767)
5.714 (-12.166, 23.595)
-0.005 (-0.307, 0.296)
0.025 (-0.186, 0.237)

2.6 (-1.5, 6.7)
0.259 (-0.275, 0.794)
-12.527 (-31.428, 6.374)
-0.122 (-0.430, 0.187)
-0.075 (-0.296, 0.145)

2.5 (-2.7,7.7)
0.003 (-0.708, 0.714)
20.095 (-3.906, 44.096)
0.204 (-0.202, 0.610)
0.286* (0.002, 0.570)

3.1 (-2.4, 8.4)
0.022 (-0.698, 0.742)
1.853 (-22.832, 26.539)
0.087 (-0.321, 0.496)
0.185 (-0.105, 0.476)

-7.1 (-15.1, 0.8)
-10.1 (-22.7, 2.5)
-7.9 (-18.9, 3.1)
0.3 (-2.5, 3.1)
-2.0 (54.0)

19.7* (11.1, 28.4)
18.7* (5.0, 32.4)
20.4* (8.4, 32.4)
-8.4* (-11.5, -5.3)
24.0* (57.0)

20.0* (11.4, 28.5)
19.3* (5.8, 32.8)
22.2* (10.2, 34.2)
-5.8* (-8.8, -2.8)
23.0 (71.0)

26.8* (15.1, 38.5)
28.8* (10.3, 47.3)
28.3* (12.1, 44.6)
-8.7* (-12.8, -4.5)
31.0* (6.0, 60.0)

27.1* (15.4, 38.7)
29.4* (10.9, 47.8)
30.1* (13.9, 46.4)
-6.1* (-10.2, -2.0)
27.5 (-5.0, 53.0)

6.1* (1.9, 10.3)
-0.02 (-0.38, 0.34)

-0.6 (-5.3, 4.2)
0.29 (-0.10, 0.68)

-0.1 (-5.0, 4.8)
0.15 (-0.24, 0.54)

-6.8 (-14.7, 1.1)
0.31 (-0.22, 0.84)

-5.9 (-13.9, 2.1)
0.17 (-0.36, 0.70)

-2.7 (-6.6, 1.2)
-0.1 (-1.1, 0.9)
-0.23 (-0.47, 0.01)

6.2* (1.9, 10.2)
0.3 (-0.8, 1.4)
-0.25 (-0.52, 0.02)

3.2 (-1.2, 7.7)
-0.1 (-1.2, 1.1)
-0.43* (-0.71, -0.15)

8.9* (3.1, 14.7)
0.4 (-1.1, 1.9)
-0.02 (-0.37, 0.34)

5.9* (0.1, 11.8)
0.0 (-1.6, 1.5)
-0.2 (-0.57, 0.17)
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A2M, alpha 2-macroglobulin; ALP, alkaline phosphatase, ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CHI3L1, chitinase-3-like protein 1; CK-18, cytokeratin-18; cT1, iron-corrected T1;
eGFR, estimated glomerular ﬁltration rate; ELF, enhanced liver ﬁbrosis; GGT, gamma-glutamyltransferase; HbA1c, haemoglobin A1c; HOMA, homeostatic model assessment; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin6; LFC, liver fat content; PIIINP, procollagen type III; Pro C3, released N-terminal pro-peptide of type III collagen; TIMP-1, tissue inhibitor of metalloproteinases-1; TNF-a, tumour necrosis factor-alpha.
*p <0.05 (LFC and cT1: ANCOVA test. Triglycerides: Wilcoxon. All other endpoints: mixed model for repeated measures testing). Negative values for LS mean difference, 95% CI, denote improvement vs. the placebo arm (except for eGFR
and cholesterol). n: number of patients with a value at baseline and Week 12 or Week 14; N, intent-to-treat population.
** For all other secondary endpoints, n = N.
a
Values represent change from baseline to Week 14.
b
Median (interquartile range) and location shift (95% CI, Wilcoxon-test).
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Other secondary endpoints**
Liver chemistry
ALT (U/L)
AST (U/L)
GGT (U/L)
Total bilirubin (mg/dl)
ALP (U/L)
Fibrosis markers
AST/ALT ratio
Pro-C3a (lg/L)
Hyaluronic acid (ng/ml)a
PIIINPa (ng/ml)
TIMP-1a (ng/ml)
CK-18 M30a (U/L)
CHI3L1a (pg/ml)
ELF score
A2M (mg/dl)
FibroScan VCTE (kPa)
FAST score
CAP (dB/m)
Fibrometer score
Fibrotest scorea
Inﬂammation markers
hs-CRP (mg/L)
Adiponectina (lg/ml)
Fibronectina (lg/ml)
IL-6a (pg/ml)
TNF-aa (pg/ml)
Lipid panel
Apolipoprotein B (mg/dl)
Total cholesterol (mg/dl)
LDL-cholesterol (mg/dl)
HDL-cholesterol (mg/dl)
Triglyceridesb (mg/dl)
Metabolic panel
HOMA index
HbA1ca (%)
Kidney panel
eGFR (ml/min/1.73m2)
BUN (mg/dl)
Uric acid (mmol/L)
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Fig. 4. Secondary outcomes (Part B). LS absolute mean (SE) change: (A) excluding patient with autoimmune hepatitis, (B) GGT, (C) body weight, (D) waist
circumference, (E) waist-to-hip-ratio, (F) A2M, (G) Fibrotest, (H) Fibrometer. Signiﬁcance vs. placebo: *p <0.05, **p <0.01, ***p <0.005 vs. baseline: #p <0.05, ###p <0.005,
(MMRM testing). A2M, alpha 2-macroglobulin; AU, arbitrary unit; GGT, c-glutamyltransferase; LS, least-square.
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Placebo

Vonafexor 100 mg

eGFR LS absolute mean change
from baseline (ml/min/1.73 m2, SE)

B

Vonafexor 200 mg
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eGFR absolute individual change
from baseline (ml/min/1.73 m2)
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Fig. 5. Change in eGFR (Part B). LS mean (SE) change: (A) absolute, (B) absolute individual, % number of patients with positive change. Signiﬁcance vs. placebo: *p
<0.05, **p <0.01, ***p <0.005, (MMRM testing). eGFR, estimated glomerular ﬁltration rate; LS, least-square.

the placebo arm. Changes in liver stiffness, as assessed by
FibroScan VCTE, were not signiﬁcantly different from baseline
to Week 12 for the VONA-100QD arm (Table 2). However, post
hoc Fibrotest analyses showed a signiﬁcant improvement from
baseline to Week 14 for the VONA-100QD and VONA-200QD
arms (Table 2).
Changes in glomerular ﬁltration rate
eGFR (LS mean, 95% CI, [ml/min/1.73m2]) signiﬁcantly
increased in both vonafexor treatment arms at Week 12 and
Week 14: 6.2 (1.9, 10.2; p = 0.006) and 4.8 (0.6, 9.0; p = 0.03) for
VONA-100QD, and 3.2 (-1.2, 7.7; p = 0.15) and 7.4 (3.0, 11.7;
p = 0.001) for VONA-200QD. In contrast, mean eGFR
decreased by -2.7 (-6.6, 1.2; p = 0.17) and -1.3 (-5.0, 2.5;
p = 0.5) at Week 12 and Week 14, respectively, in the placebo
arm (Fig. 5). The results were qualitatively unchanged when

Statin not adjusted

No statin

Statin initiated or adjusted

LDL LS mean change
(mg/dl, SE)

150
130

100

70
50
Treatment

0

4

8
Time (weeks)

FU

12

14

Fig. 6. LDL-cholesterol increases managed by statin introduction or
adjustment in vonafexor-treated patients (Part B). No statin: patients without
statin at any timepoint, treated with VONA-100QD (n = 18) or VONA-200QD (n =
19). Statin not adjusted: patients on baseline stable statin without dose changes,
on VONA-100QD (n = 9) or VONA-200QD (n = 12). Statin initiated or adjusted:
patients with baseline statin dose increased (n = 2) or statin initiation (n = 4) while
on VONA-100QD (n = 4) or VONA-200QD (n = 2) (Descriptive statistics, no hypothesis testing). FU, follow-up; VONA-100QD, vonafexor-100 mg once daily;
VONA-200QD, vonafexor 200 mg once daily.

eGFR was calculated using the current CKD-Epidemiology
Collaboration (EPI; 2021) formula (data not shown).23,24
Signiﬁcantly more patients in the vonafexor arms experienced
an increase in eGFR than in the placebo arm (Fig. 5B).

Safety and tolerability
The overall incidence of TEAEs was higher for the vonafexor
arms compared to placebo. The most frequent TEAEs in the
vonafexor arms were pruritus and pruritus generalised, which
occurred in 19 (61.3%) and 3 (9.7%) of the 31 patients in the
VONA-100QD arm, 17 (51.5%) and 6 (18.2%) of the 33 patients
in the VONA-200QD arm, and in 2 (6.3%) and 2 (6.3%) of the 32
patients in the placebo arm. Most TEAEs were mild to moderate
in severity (VONA-100QD: 61.3%, VONA-200QD: 75.8%, and
placebo: 65.6%).
Two patients reported an AESI of aminotransferase elevation considered by the investigator to be unrelated to the study
drug (VONA-100QD: n = 1, VONA-200QD: n = 1). Neither of
these events met the deﬁnition of Hy’s Law, the DILI stopping
criteria, nor the protocol-deﬁned stopping rules for decreased
liver function. Four patients experienced muscle-related AESIs
(VONA-100QD: n = 1, placebo n = 3), none of these events were
considered as related to the study drug or statin use.
Severe TEAEs occurred in 11 patients (11.5%; VONA100QD: n = 5, VONA-200QD: n = 5, placebo: n = 1). Serious
TEAEs were reported by one patient in the placebo arm (vertigo), one patient in the VONA-100QD arm (respiratory failure
and angina unstable), and two patients in the VONA-200QD
arm (coronavirus infection and transaminases increased).
None were considered to be drug-related.
Some vital sign, electrocardiogram, and physical examination values fell outside of the normal limits, but no clinically
relevant trends or results were noted for any of the parameters
tested. Clinical laboratory analysis also revealed a change from
baseline for some lipid panel parameters with vonafexor treatment; these included changes in apolipoprotein B, total
cholesterol, HDL-cholesterol, LDL-cholesterol, and triglycerides (Table 2). Most differences were not considered to
be clinically relevant, however, a clinically relevant increase in
LDL (>130 mg/dl) was observed in six vonafexor-treated patients. After statin treatment was initiated in four of these
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patients and existing statin doses were increased in the other
two patients, LDL levels subsequently decreased to within the
normal range (Fig. 6).
Study discontinuation due to a TEAE occurred in four patients in the VONA-100QD arm (2 pruritus, 1 pruritus generalised and 1 rash with pruritus) and eight patients in the VONA200QD arm (2 pruritus, 2 pruritus generalised, 1 abdominal
pain upper, 1 transaminase increased, 1 depression, and 1
malaise). There were no deaths reported in Part B.

Discussion
This phase IIa, randomised, placebo-controlled trial demonstrated that vonafexor, a second-generation, non-bile acid FXR
agonist, strongly reduces LFC in patients with NASH after only
12 weeks of treatment. This beneﬁcial effect is corroborated by
an improvement in hepatic enzymes (including ALT and GGT),
and in imaging biomarkers of ﬁbro-inﬂammation, including
corrected T1, an MRI parameter associated with hepatic outcomes.25 The reduction in body weight and visceral obesity
(waist circumference) seen with vonafexor treatment is also a
favourable outcome, as most patients with NASH are overweight or obese. Weight loss with vonafexor was higher than
that observed after 72 weeks of treatment with obeticholic acid
(OCA), a ﬁrst-generation FXR agonist, and similar to that reported with tropifexor (52 weeks), another second-generation
FXR agonist.13,26 Finally, vonafexor also signiﬁcantly
improved eGFR when compared to placebo, suggesting that it
may improve kidney function; a signiﬁcant ﬁnding in patients
with NASH who often manifest multiple risk factors for kidney
injury and are at high risk of developing progressive CKD.
Although the magnitude of weight loss was higher than expected, based on longer trials with OCA13 or cilofexor,27 this
cannot account for the loss of liver fat observed with vonafexor.
Importantly, half of the VONA-100QD arm achieved a 30%
relative reduction in liver fat from baseline; a level associated with
histological improvement in the NAFLD activity score, resolution
of steatohepatitis, and a reduction of liver ﬁbrosis, deﬁning MRIPDFF responders in clinical trials.28,29 This was a fourfold increase over the placebo arm, which is higher than reported for
tropifexor after 48 weeks of treatment (2.4 fold for the 200 lg arm
over placebo), and EDP-305 after 12 weeks of treatment (1.8 fold
for the 2.5 mg arm over placebo).30,31 In addition, 57% of patients
in the VONA-100QD arm achieved a >
−5% absolute reduction in
LFC, a level associated with histological improvement in patients
with advanced disease at baseline.32–35 While the relationship
between LFC reduction and histological resolution of steatohepatitis may not apply to all drugs,36 studies suggest that this may
be the case for drugs with pleiotropic effects, such as FXR agonists, or drugs with a strong defattening effect (e.g., resmetirom,
or aldafermin).33,37 Mechanistically, the reduction in hepatic triacylglycerols with FXR agonists is related to inhibition of both
hepatic lipogenesis and intestinal absorption of lipids.38 The
former involves a SHP-SREBP1c-independent inhibition of key
lipogenic enzymes such as stearoyl CoA desaturase, Lpin1, and
DGAT2. The latter is mediated by the deﬁcit in bile acid synthesis
induced by direct hepatic FXR agonism.38
While this short proof-of-principle trial was not designed to
assess liver histological endpoints, it is noteworthy that cT1, a
quantiﬁable marker of ﬁbro-inﬂammation in patients with
steatohepatitis, was signiﬁcantly reduced with vonafexor
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treatment.39–41 The magnitude of the reduction seen in the
VONA-100QD arm was similar to that associated with a 2-point
improvement in NAFLD activity score (88 ms), as reported in
non-interventional follow-up trials.40 How this relates to histological improvement remains to be determined, however,
interim results from a subset of the REGENERATE trial showed
an association between the histological response to OCA and a
reduction in cT1.42
The positive outcomes of vonafexor on radiological parameters and body weight were further supported by improvements in biomarkers of liver injury and inﬂammation, including
ALT and GGT.43,44 A reduction in ALT of >
−17 U/L (observed
here in over half of patients in the VONA-100QD arm) was
associated with histological improvement in the OCA FLINT
study.35 LIVIFY was a short-term 12-week study, and the timing
and rate of the LFC response can vary depending on the mode
of action.34 Recently Huang et al. showed that a combined
>30% and −
>17 U/L, respecMRI-PDFF and ALT response of −
tively, was associated with higher odds of histologic response
than either response alone.45 Interestingly, 19% of vonafexortreated patients with NASH showed a combined response
(vs. 11% in the Huang paper) which suggests a likely histological response in these patients. Future studies should
determine if longer durations of vonafexor therapy will result in
enhanced reduction of GGT and ALT, or in a higher proportion
of responders.
The primary objective of NASH therapies is to prevent progression to cirrhosis. However, NASH is part of a multisystem
syndrome of metabolic dysregulation and inﬂammation
involving the kidney and cardiovascular systems. In the current
study, vonafexor increased eGFR, suggesting renal beneﬁts of
vonafexor treatment in NASH. Additional research is needed to
interpret the underlying mechanisms of this potential
improvement. Theoretically, the weight loss induced by vonafexor could have reduced creatinine production and thereby
raised eGFR without altering kidney function. It will therefore be
important to ﬁrst investigate whether the increase in eGFR
represents an actual increase in GFR as measured by a direct
gold standard technique such as iohexol clearance.46,47 The
ﬁnding that vonafexor simultaneously decreased serum uric
acid levels suggests a true increase in GFR. Second, it will be
important to determine whether a true increase in GFR reﬂects
acute and rapidly reversible hemodynamic effects of vonafexor,
or long-term beneﬁts on kidney structure and function. In
support of beneﬁcial effects on the kidney, FXR is highly
expressed in healthy kidneys and is downregulated in human
and animal CKD;48,49 in contrast, FXR activation in a variety of
animal models prevented loss of kidney function and inhibited
interstitial ﬁbrosis, akin to the anti-ﬁbrotic effects of FXR agonism in the liver.50–52 Quantitative measurements of albuminuria, which could have helped tease apart the contribution of
hemodynamic vs. other mechanisms, were unfortunately not
available. For example, increased albuminuria in the setting of
increased eGFR would suggest induction of glomerular
hyperﬁltration, which is likely to foreshadow undesirable longterm effects on the kidney, whereas decreased or unchanged
albuminuria in the setting of increased eGFR would suggest a
potential long-term beneﬁt in preventing CKD and slowing
progression. Studies of long-term vonafexor exposure with
longer observation of kidney function after withdrawal of
vonafexor are needed.

Journal of Hepatology, July 2022. vol.

- j

1–14

Research Article
Patients with NAFLD also display atherogenic dyslipidaemia.53 FXR agonism regulates lipid and lipoprotein metabolism
through multiple mechanisms,54 including enhanced cholesteryl ester transfer protein activity, increased reverse cholesterol transport and absorption, and reduced LDL-receptor
expression in hepatocytes. However, different subpopulations
of lipid particles confer different atherogenic risks, and results
can differ depending on the duration of exposure.55 Treatment
with the parent compound of the FXR agonist class, OCA, induces complex modiﬁcations including increases in the more
atherogenic small dense LDL particles, and an increase in small
VLDL particles that are less atherogenic.15 While an increase in
LDL with OCA is very common (85% of treated patients in the
ﬁrst month),55 and can reach 35% from baseline values,13 it is
entirely reversible upon discontinuation of the drug,15 or with
statin treatment.55 Although some of the non-biliary FXR agonists have shown a lower magnitude of LDL increase than
OCA,27,56 this may reﬂect a less potent PD response, as
measured by C4 reduction or FGF19 increase.27 The current
trial of vonafexor documented changes in lipid proﬁles similar in
magnitude to those induced by OCA.13,15 Studies in rodents
with humanised livers have shown that non-steroidal FXR agonists induced lipid changes similar to OCA,57 which favours
the view that LDL increases are a class effect of FXR agonists.
The longer term clinical relevance of these lipid changes remains unknown. Although data so far is limited, there is no
indication that OCA-induced lipid changes result in a substantial modiﬁcation of cardiovascular risk scores,15,35 or an
increase in clinical cardiovascular AEs.13 Conversely, studies of
FXR agonists in murine models have shown reduced atherosclerotic plaque formation.58–60 Hence, the clinical signiﬁcance
of lipid changes induced by vonafexor needs to be determined
in long-term studies.
Another drawback commonly associated with FXR agonism
is pruritus, also conﬁrmed with vonafexor. Pruritus and pruritus
generalised were the most frequently reported TEAEs in the
vonafexor arms, although most were mild to moderate in
severity, resulting in discontinuation in fewer than 10% and 5%
of patients, respectively. Although the mechanisms for pruritus
occurrence are unknown, other studies with different FXR agonists have shown that it is clearly a dose-dependent class
effect.31,56 Baseline pruritus has been documented in patients
with NASH and could be a predictor of the incidence and

severity of on-treatment pruritus.61 Nonetheless, patientreported outcomes were improved in histological responders
to OCA despite baseline or treatment-induced pruritus.61,62
Dose adjustment may therefore be important to derive
maximal histological beneﬁt while reducing the incidence and
severity of pruritus.
The Part A safety and PK indicated that it was safe to proceed with Part B. However, VONA-400QD had the highest
score for pruritus with no additional beneﬁt seen on efﬁcacy. To
optimise the risk/beneﬁt balance this dose was dropped and all
vonafexor-treated patients in Part B started on VONA-100QD,
with the dose increased to 200 mg after 2 weeks in those
randomised to VONA-200QD. However, this run-in period did
not have an impact on pruritus. The PK proﬁle of vonafexor,
which associates a short half-life of 2-4 h and a decrease in
exposure after a few days, showed improved daily coverage,
which can be attributed to liver-enriched concentrations (data
from in vivo quantitative whole-body autoradiography not
shown). One possible explanation for the absence of a clear
dose effect on liver fat reduction, ALT decline and other hepatic
endpoints is that doses above 100 mg QD achieve a saturation
of the hepatic nuclear FXR transcriptional response, with no
additional downstream effector activity, leading to no additional
effect size on liver efﬁcacy endpoints. Interestingly, no dose
effect was observed for either C4 or FGF-19 PD markers. In
contrast, the higher incidence of pruritus observed with the
doubling of the dose of vonafexor indicates that pruritus may
be dependent on poorly identiﬁed peripheral mechanisms, and
therefore more directly related to plasma PK exposure. The
presumed PK liver enrichment translated into a strong modulation of target genes, including a >90% reduction in C4 and a
10-to 30-fold increase in FGF19. These PD changes are comparable with, or higher than, those reported with other potent
FXR agonists, yet they do not translate into unknown side effects or unexpected tolerability issues. Importantly, glycaemic
parameters and surrogate measures of insulin resistance were
unaffected by vonafexor, thereby conﬁrming safe use of this
compound in patients with T2DM or pre-diabetes.
In conclusion, the LIVIFY trial shows that vonafexor induces
potent liver fat reduction, improvement in liver enzymes and in
imaging biomarkers of ﬁbrotic steatohepatitis, in addition to a
potential improvement in kidney function. These results
deserve to be further investigated in longer and larger trials.
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