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Abstract
Background ASC42 is a non-steroidal farnesoid X receptor agonist currently in clinical development for chronic liver dis-
eases, such as nonalcoholic fatty liver disease/nonalcoholic steatohepatitis (NAFLD/NASH) and primary biliary cirrhosis 
(PBC).
Objective The objective of this study was to assess the safety, pharmacokinetics (PK), and pharmacodynamics (PD) of 
ASC42 in healthy subjects.
Methods We conducted the first-in-human study of ASC42 following single and multiple ascending doses (SAD/MAD) and 
food effect in healthy subjects. The SAD study included five cohorts receiving 5–200 mg ASC42 or placebo and one cohort 
that was given 15 mg ASC42 with a high-fat meal. The MAD study included three cohorts receiving 5–50 mg ASC42 or 
placebo once-daily (QD) for 14 days.
Results A total of 65 healthy subjects were enrolled and one subject in the MAD study (cohort 8, ASC42 50 mg) withdrew 
from the study due to an unrelated serious adverse event (SAE) of atrial fibrillation. Pruritus was observed at the highest 
doses (200 mg cohort in SAD and 50 mg cohort in MAD). Most AEs were mild or moderate. No life-threatening or fatal AEs 
occurred. ASC42 showed a proportional increase in exposure and elimination half-life following both single and multiple 
dosing. There was a 21% and 37% decrease in area under the curve (AUC) and maximum plasma concentration (Cmax) when 
ASC42 was coadministered with food. The steady state was reached on day 4 with a mild accumulation (1.02–1.74-fold). 
ASC42 showed dose-dependent increases in fibroblast growth factor 19 and decreases in 7α-hydroxy-4-cholesten-3-one. 
Cholesterol remained within normal limits during study.
Conclusion ASC42 was well tolerated with a pharmacokinetic profile suitable for QD dosing, and demonstrated dose-
dependent targets engagement without altering plasma cholesterol in healthy subjects.
Trial registration number NCT04679129.

1 Introduction

Farnesoid X receptor (FXR) agonists are under clinical 
investigation as potential targets for chronic liver diseases, 
including nonalcoholic steatohepatitis (NASH) and pri-
mary biliary cholangitis (PBC) [1]. Nonalcoholic fatty liver 
disease (NAFLD) is a metabolic stress liver injury closely 
related to insulin resistance and genetic susceptibility. 
NASH is regarded as the advanced form of NAFLD and 
responsible for progression to fibrosis, cirrhosis, and hepa-
tocellular carcinoma. NASH is a condition characterized by 

the accumulation of fat in the liver (steatosis), inflammation, 
hepatocyte ballooning, and fibrosis [2]. PBC is a chronic, 
cholestatic liver disease characterized by the accumulation of 
bile acids in the liver, leading to cholestasis and subsequent 
progression to biliary fibrosis and cirrhosis [3]. Although 
NAFLD is the most common liver disease, with a worldwide 
prevalence of 25% [4], there are so far no approved therapies 
for NAFLD/NASH. Ursodeoxycholic acid (UDCA) is the 
recommended standard-of-care treatment for PBC, and has 
demonstrated enhanced liver transplant-free survival [5–7]; 
nevertheless, 30–40% of all UDCA-treated patients lack sat-
isfactory responses to UDCA, which substantially increases 
the risk of death or need for liver transplantation [7].

FXR is a key nuclear receptor predominantly expressed in 
the liver and gut, which controls intricate signaling pathways 
associated with the regulation of bile acid homeostasis. FXR 
has been identified as the bile acid sensor. FXR activation 
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Key Points 

ASC42 had a favorable safety, and pharmacokinetic/
pharmacodynamic profiles for further investigation. No 
pruritus was reported at therapeutic dose range (5–15 
mg) of ASC42 in healthy subjects.

triggers a delicate negative feedback mechanism that regu-
lates several facets of bile acid metabolism directly in target 
organs or indirectly via fibroblast growth factor 19 (FGF19) 
[8], a naturally occurring hormone released from entero-
cytes in response to physiological FXR agonism, result-
ing in reduced bile acid levels. In addition, FXR activation 
modulates expression of genes involved in bile acid transport 
and metabolism as well as glucose and lipid metabolism. 
Thus, the therapeutic use of FXR agonists to modify hepatic 
metabolism is anticipated to bring benefits to patients with 
NAFLD/NASH or PBC. In fact, obeticholic acid (OCA), a 
bile acid-derived FXR agonist, has been approved in com-
bination with UDCA for PBC patients with an inadequate 
response to UDCA or as monotherapy in patients intolerant 
of UDCA [9]. Furthermore, recent studies have expanded 
OCA use for NASH treatment [10]. Phase 2 studies (FLINT) 
have demonstrated improvements in histology [11], while 
recent data from the phase 3 study (REGENERATE) showed 
that OCA achieved statistically significant improvement in 
at least 1 stage of fibrosis without worsening of NASH [12].

The FLINT study found that OCA led to improvements in 
important histological characteristics associated with NASH, 
such as fibrosis. However, complete resolution of NASH was 
not observed. Moreover, 23% of patients reported pruritus, 
and OCA-treated patients experienced significant increases 
in total and low-density lipoprotein cholesterol (TC and 
LDL-C), along with a minor decrease in high-density lipo-
protein cholesterol (HDL-C).

Nevertheless, pruritus, constipation, diarrhea, and hyper-
lipidemia were significant events with a clear dose-depend-
ent effect that are often reported with OCA, and it can have 
a negative impact on tolerability. Thus, there is still a need 
to develop more effective FXR agonists with improved phar-
macokinetics (PK) and safety profiles to successfully man-
age NAFLD/NASH and PBC.

ASC42 is a novel non-steroidal selective FXR ago-
nist. Based on promising preclinical validation results 
of ASC42 in animal models of NASH and favorable 
preclinical safety assessments, this first-in-human (FIH) 
study was conducted to evaluate safety and tolerability 

pharmacokinetics (PK) and pharmacodynamics (PD) of 
ASC42 following single ascending doses under fasting or 
fed conditions and multiple ascending doses in healthy 
subjects.

2  Methods

This study was conducted in ICON Research Center and 
approved by the institute research board committee. All 
procedures performed in studies were in accordance with 
the Declaration of Helsinki and International Confer-
ence on Harmonisation Good Clinical Practice. Writ-
ten informed consent was obtained from each subject at 
the screening prior to the initiation of any study-related 
procedures.

This randomized first-in-human double-blind placebo-
controlled phase I study consisted of two parts: (1) single 
ascending doses (SAD) in five cohorts (part Ia) with an addi-
tional food effect cohort (part Ib) and (2) multiple ascending 
doses (MAD) in three cohorts (part II) in healthy subjects.

2.1  Study Population

Major inclusion criteria for this study were healthy subjects 
aged 18–65 years, weighed at least 50 kg, provided written 
informed consent, and had physical examination and vital 
signs within normal range or slightly abnormal but, in the 
opinion of the investigator, had no clinical significance. Key 
exclusion criteria included women of childbearing potential; 
any surgical or medical condition that could significantly 
alter the absorption, metabolism, distribution, and excre-
tion of the study drug; medical history and/or clinical or 
laboratory evidence of liver disease or liver injury as indi-
cated by abnormal liver tests, such as alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), γ‐glutamyl 
transferase (GGT), alkaline phosphatase, or serum bilirubin 
levels exceeding 1× the upper limit of normal (ULN); or a 
positive hepatitis B surface antigen or hepatitis C test result.

2.2  Study Design

Study design is shown in Fig. 1. In part Ia SAD study, eight 
subjects per cohort were randomized to receive a single dose 
of ASC42 (5, 15, 50, 100, or 200 mg) or placebo in a 3:1 
ratio. In part Ib food effect study, cohort 2 (15 mg) was 
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selected to evaluate the food effect on the PK of ASC42 
since the dose level is close to the predicted human effica-
cious dose (10 mg). In part II MAD study, eight subjects 
per cohort were randomized to receive ascending once daily 
(QD) doses of ASC42 (5, 15, or 50 mg) or placebo in a 3:1 
ratio for 14 days.

2.3  Randomization

A randomization list was produced using a validated system 
that automated the random assignment of treatment arms to 
randomization numbers in the specified ratio.

2.4  PK Assessments

Plasma concentrations of ASC42 were measured by a vali-
dated liquid chromatography tandem mass spectrometry 
(LC–MS/MS) method. Calibration curves were obtained 
using a 1/concentration2 weighted linear regression. Stand-
ards and quality control samples were within 20% of nomi-
nal values with a dynamic range of 0.200–100 ng/mL. Assay 
accuracy and precision of standards and quality controls 
were within 5% and 10%, respectively. Blood samples for 
PK assessment were collected at different timepoints as 
protocol specified. Samples of high concentration (> 100 
ng/mL) were diluted for quantitative analysis. Based on 
concentration–time profiles of ASC42, the following PK 
parameters would be calculated: (1) SAD study—maximum 
plasma concentration (Cmax) and time to reach maximum 
plasma concentration following drug administration (Tmax), 

area under the concentration–time curve from time 0 to 24-h 
post dose (AUC 0–24h), AUC from time 0 to the time of the 
last quantifiable concentration (AUC last), AUC from time 
0 to infinity (AUC inf), percentage of AUC inf extrapolated 
(%AUC ext), apparent total body clearance after oral admin-
istration (CL/F), apparent volume of distribution after oral 
administration  (Vd/F), and terminal elimination half-life 
(T1/2) under the fasted condition; (2) MAD study—Cmax, 
minimum observed concentration (Cmin), trough concentra-
tion (Ctrough), Tmax, time to reach minimum plasma concen-
tration following drug administration (Tmin), AUC over one 
dosing interval for multiple dose (AUC τ), %AUC ext, CL/F 
at steady state (CL/Fss), Vd/F at steady state (Vd/Fss), the 
effective elimination half-life (T1/2,eff), accumulation ratio 
for Cmax (RCmax), and accumulation ratio for AUC τ (RAUC ) 
under the fasted condition; and (3) Cmax, Tmax, AUC last, AUC 
inf, CL/F, Vd/F, and T1/2 under the fed condition.

2.5  PD Assessments

PD assessments were evaluated by the changes of PD bio-
markers, FGF19 and 7α‐hydroxy‐4‐cholesten‐3‐one (C4), 
from the baseline. Serum FGF19 was measured by enzyme-
linked immunosorbent assay (ELISA) (FGF19 Quantikine 
Enzyme-Linked Immunosorbent Assay Kit, R&D Systems, 
Minneapolis, MN). The validated concentration range was 
15.6–1000 pg/mL. Serum C4 was measured using LC–MS/
MS. The validated concentration range was 0.5–200 ng/mL. 
Blood samples for PD assessment were collected at differ-
ent timepoints as the protocol specified. Maximum effect 

Fig. 1  Study design. This study consisted of two parts: SAD in five cohorts (part Ia) with an additional food effect cohort (part Ib) and MAD in 
three cohorts (part II). Each cohort consisted of eight subjects (six active, two placebo)



456 H. He, J. J. Wu 

(Emax), maximum change from baseline effect (ECFB), and 
area under the effect curve from time 0–24 h  (AUEC0–24h) 
for FGF19 and minimum effect (Emin), ECFB, and  AUEC0–24h 
for C4 would be calculated. Sigmoid Emax model was used 
in PD assessment.

2.6  Safety and Tolerability Assessments

Safety was monitored throughout the study using standard 
measures including: adverse event (AE) monitoring, clinical 
laboratory testing, vital signs, physical examinations, and 
12-lead electrocardiograms (ECGs) and continuous ECG 
recordings. The safety analysis set included all subjects who 
received at least one dose of the study drug or matching 
placebo.

2.7  Sample Size and Statistics

The sample size of eight subjects per cohort in both part I 
(SAD) and part II (MAD) is typical in first-in-human studies 
and was deemed sufficient to meet the objective of safety tol-
erability and PK/PD assessment of each cohort. The sample 
size was not based on statistical power considerations.

Data analyses were performed using SAS 9.4. PK param-
eters were calculated through non-compartmental analysis 
(NCA) using Phoenix™ WinNonlin™ 8.0 (Certara, Prince-
ton, NJ). Sigmoid Emax model was used in PD assessment. 
Comparisons between fasted and fed conditions (food 
effect) were evaluated by a mixed-effect analysis of vari-
ance (ANOVA) of log-transformed ASC42 PK parameters 
(AUC last, AUC inf, and Cmax). Absence of food effect was to 
be concluded if the least square (LS) GM ratio of ASC42 PK 
parameters (AUC last, AUC inf, and Cmax) and the correspond-
ing 90% confidence interval (CI) fell within limits 80–125%. 
LS linear regression model was used to determine whether 
ASC42 PK parameter was dose proportional. AEs would be 
classified by system organ class (SOC) and preferred terms 
(PT) according to the MedDRA Version 24.0. Increase of 
FGF19 and reduction of C4 on day 1 for SAD study and on 
days 1 and 14 for MAD study compared with baseline (pre-
dose on day 1) at different dose levels would be calculated. 
The Wilcoxon rank sum test was performed to compare the 
median difference of changes from baseline in FGF19 and 
C4 concentrations between each ASC42 dose and the pooled 
placebo group. A two-sided p value less than 0.05 was con-
sidered statistically significant.

For PK analysis, concentrations below the lower limit 
of quantitation (LLOQ) were considered as 0 in summary 
statistics. While for PK parameter calculations, concentra-
tions below the LLOQ were considered as 0 (before Tmax) 
or missing (after Tmax). For PD biomarkers, values below 
LLOQ were replaced by LLOQ/2 in analyses and for PD 
parameter calculations.

3  Results

3.1  Subject Demographics and Disposition

In total, 65 healthy subjects were enrolled. All subjects in 
both part I (SAD) and part II (MAD) received their planned 
dose except for one subject in part II (cohort 8, ASC42 50 
mg) who discontinued the study drug following 3 out of 14 
planned daily doses (treatment compliance of 21.4%) due to 
an unrelated serious adverse event (SAE) of atrial fibrillation 
and who was replaced by another eligible subject; the eligi-
ble subject was followed until day 35. No significant proto-
col deviations were recorded in this study. All 65 subjects 
were included for safety evaluation, while the 64 subjects 
who completed all dosing and follow-up visits were included 
for pharmacokinetics and pharmacodynamics evaluation.

Demographics and baseline characteristics are shown in 
Table 1. In the MAD study, more subjects were male. In 
the SAD study, median age ranged from 32 to 56.5 years 
and 31–48.5 years in ASC42 and placebo groups, respec-
tively. In the MAD study, age ranged from 24 to 62 years in 
ASC42 groups and 32–54 years in placebo groups. All treat-
ment groups in the SAD and MAD studies were comparable 
regarding body mass index (BMI), except for the placebo 
group in food effect study cohort 2, who had a slightly lower 
median BMI of 22.1 kg/m2.

3.2  Safety and Tolerability Assessments

Treatment-emergent adverse events (TEAEs) by SOC 
and PT are summarized in Table 2. Overall, seven sub-
jects (17.5%) in part I (SAD) reported eight TEAEs, one 
fed subject (12.5%) in cohort 2 reported one TEAE, and 
nine subjects (36.0%) in part II (MAD) reported thirteen 
TEAEs. Most AEs were mild (grade 1) or moderate (grade 
2) in severity. Only two subjects (8.0%) in part II (MAD) 
reported two severe (grade 3) AEs of pruritus, which all 
occurred at 50 mg dosing group (cohort 8). No life-threat-
ening or fatal AE was reported. Five subjects (12.5%) in 
part I (SAD), one fed subject (12.5%) in cohort 2, and 
five subjects (20.0%) in part II (MAD) had study drug-
related AEs. Notably, four of the five subjects in part II 
with study drug-related AEs were in cohort 8 (ASC42 
50 mg) and accounted for seven of the eight total study 
drug-related TEAEs in part II. One subject receiving pla-
cebo (10.0%) in part I (SAD) and one subject receiving 
placebo (16.7%) in part II (MAD) reported one AE each 
and both AEs were considered as placebo-related. The 
most frequently reported AE in part I (SAD) was head-
ache, occurring as one event each in three subjects overall 
(7.5%). The most frequently reported AE in part II (MAD) 
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was pruritus, reported as one event each in four subjects 
(57.1%), and all were in cohort 8. One SAE of atrial fibril-
lation was reported in part II. This subject is a 47-year-old 
Black or African American male who had normal ECG 
results at screening, with the exception of the interpreta-
tion of sinus bradycardia with left ventricular hypertrophy 
and ST–T change (voltage criteria plus ST–T abnormality) 
that was considered abnormal, but not clinically signifi-
cant, by the Investigator. The ECG conducted pre-dose on 
day 4 indicated the clinically significant abnormality of 
atrial fibrillation, then normal sinus rhythm was achieved 
after one synchronized defibrillation after being relocated 
to a hospital emergency room. Investigator and consulting 
cardiologist revealed potential lifestyle and/or life events 
may have contributed to a prestudy medical history of par-
oxysmal atrial fibrillation, undiagnosed prior to enroll-
ment in this study. Together with subject’s retrospective 
reported medical history of intermittent chest tightness 
and history of benign ethnic neutropenia, the atrial fibrilla-
tion was subsequently presumed to be related to an undiag-
nosed preexisting condition and therefore unlikely related 
to study drug. This SAE led to the subject withdrawal on 

day 4 (three doses received) and the patient was followed 
until day 35. There were sporadic clinically significant 
abnormalities in clinical laboratory results, vital signs, 
physical examinations, and ECGs but they were not clini-
cally meaningful and no trends were identified.

No AE of pruritus was reported in cohorts below 200 
mg dose level in SAD study and in cohorts below 50 mg 
dose level in MAD study, thus ASC42 was safe and well 
tolerated when administered as single doses up to 100 mg 
and multiple daily doses for 14 days up to 15 mg in healthy 
subjects.

3.3  PK Assessments

Mean ± standard deviation (SD) ASC42 plasma concentra-
tion–time profiles are presented in Fig. 2. In part I (SAD) 
study, following a single dose of ASC42 under fasted condi-
tion, ASC42 concentration increased with increasing dose 
(5–200 mg doses, Fig. 2A). Mean concentrations peaked 
between 2 and 4 h and then declined biexponentially. Con-
centrations were detectable in all but one subject (5 mg 
dose) through 48 h post-dose and to 72 h post-dose for the 

Fig. 2  Pharmacokinetic profile of ASC42 following single and mul-
tiple ascending doses. A Mean plasma concentration–time pro-
files following single oral doses of ASC42 under fasting conditions 
(semilogarithmic scale). B Mean plasma concentration–time profiles 

following a single oral dose of 15 mg ASC42 under fed and fasted 
conditions (linear scale). C Mean plasma concentration–time pro-
files following multiple ascending doses of ASC42 for 14 days (linear 
scale). Data are represented as mean ± standard error
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majority of subjects in the 50, 100, and 200 mg dose cohorts. 
Mean plasma concentrations were slightly lower and peaked 
slightly later when ASC42 was administered with food com-
pared with administration under fasting condition (Fig. 2B). 
In part II (MAD) study, following multiple doses of ASC42, 
ASC42 concentration increased with an increasing dose 
(5–50 mg doses, Fig. 2C). Mean concentrations peaked 
between 3 and 4 h. Concentrations were detectable in all 
subjects throughout the 24-h sampling period. Mean pre-
dose concentrations (Ctrough) showed that ASC42 concen-
trations appeared to reach steady state by day 4 (Fig. 2C).

ASC42 PK parameters are summarized in Table 3. An 
assessment of the food effect on ASC42 PK and dose pro-
portionality of ASC42 are shown in Supplementary Tables 1 
and 2, respectively. Intersubject variability (GeoCV% vari-
abilities) was observed for Cmax and AUCs ranging from 
20% to 122% across the 5–200 mg doses, with the high-
est variabilities in the 5 mg and 200 mg dose groups. Both 
Cmax and AUCs increased with increasing dose of ASC42. 
The median Tmax ranged from 1.75 to 4 h (individual range 
of 1.5–10.0 h). The median Tmax was slightly later (5.0 h) 
when ASC42 was administered with food (individual range 
of 4.00–6.00 h). This suggested that food delayed the gastric 
emptying and intestinal transport time of the drug, thereby 
affecting Tmax of the drug absorption. The  t1/2 was similar 
(approximately 8 h) for the 15–200 mg doses and slightly 

longer for the 5 mg dose (11 h). There was a 21% and 37% 
decrease in geometric least squares mean (LSM) AUC and 
Cmax, respectively, following a single 15 mg dose given 
with food compared with when given under fasting condi-
tion. This suggested that food increased blood flow to the 
liver, which accelerated drug metabolism. The 90% CI for 
geometric LSM ratio AUC last, AUC inf, and Cmax with fast-
ing versus fed did not fall within the prespecified limits of 
80–125%. The lower bound of the 95% CI for the slope of 
the regression line for each PK parameter was greater than 
1. Therefore, it can be concluded that the PK of ASC42 was 
more-than-dose-proportional across the range of 5–200 mg 
following single dose administration under fasting condi-
tions. This might be due to metabolic enzyme saturation 
with the dose increasing.

For MAD study, Cmax and AUC τ increased with increasing 
dose of ASC42 following a single dose on day 1 or QD doses 
for 14 days. Geometric CV% for Cmax and AUC τ ranged from 
52 to 109%. The median Tmax was 3–4 h. The effective t1/2 
following 14 days of QD dosing was similar for the 5 and 
15 mg doses (11–13 h) and higher for the 50 mg dose (23 
h). Geometric mean CL/Fss following 14 days of QD dos-
ing decreased with increasing dose. The accumulation ratios 
based on day 14 to day 1 AUC 0–τ and Cmax ranged from 1.00 
to 1.74 and 1.00 to 2.23, respectively, for 5–50 mg ASC42 
administered QD for 14 days. The ratio for the 15 mg ASC42 

Table 3  Summary of plasma PK parameters of ASC42 following single ascending doses (SAD) and multiple ascending doses (MAD)

SAD study including cohorts 1–5 with dose levels of 5, 15, 50, 100, and 200 mg in fasting condition, respectively, and a cross-over design of 
cohort 2 (15 mg) to study the food effect on ASC42 PK. MAD study including cohorts 6–8 with proposed dose levels of 5, 15, and 50 mg, 
respectively
SAD single ascending-dose, MAD multiple ascending dose, n number of subjects, AUC  area under the concentration-time curve, AUC inf AUC 
from time 0 extrapolated to infinity, CL/F apparent oral clearance, Cmax maximum observed concentration, GeoCV% geometric percent coef-
ficient of variation, GM geometric mean, PK pharmacokinetic, t1/2 terminal elimination half-life, Tmax time to maximum concentration, QD once 
daily, RAUC  accumulation ratio for AUC τ, RCmax accumulation ratio for Cmax, Tmax time to maximum observed concentration
a Tmax is represented as median and range

Dose (mg) n PK parameters, GM (GeoCV%)

AUC τ (ng × h/mL) Cmax (ng/mL) Tmax (h)a t1/2 (h) CL/F (L/h) RAUC RCmax

SAD
 5 6 420 (64.1) 50.8 (122) 3.50 (1.50–4.00) 11 (27.7) 11.9 (64.1) – –
 15 6 1635 (26.9) 363 (29.5) 2.50 (1.50–3.00) 8.11 (22.9) 9.17 (26.9) – –
 15 (fed) 6 1295 (34.1) 228 (29) 5.00 (4.00–6.00) 7.86 (39.7) 11.6 (34.2) – –
 50 6 12227 (25.7) 2175 (19.8) 3.50 (1.50–4.00) 8.11 (34.6) 4.09 (25.7) – –
 100 6 25702 (26.0) 3195 (32.9) 4.00 (2.00–10.00) 7.98 (21.1) 3.9 (26.0) – –
 200 6 62558 (93.6) 11326 (46.4) 1.75 (1.00–4.00) 8.06 (29.3) 3.2 (93.8) – –

MAD
 5 QD Day 1 6 233 (74.4) 39.6 (80) 3.00 (2.00–4.02) – 21.4 (74.5) – –

Day 14 6 196 (54.1) 35.2 (79.3) 3.00 (0.50–4.00) – 25.5 (54.0) 1.00 (42.0) 1.02 (43.8)
 15 QD Day 1 6 1340 (57.8) 260 (70.9) 4.00 (3.00–10.00) – 11.2 ( 57.8) – –

Day 14 6 1752 (51.6) 358 (55.5) 3.50 (3.00–10.00) – 8.57 (51.6) 1.31 (25.6) 1.38 (21.3)
 50 QD Day 1 7 5363 (81) 1067 (109) 4.00 (1.50–12.00) – 9.32 (81) – –

Day 14 6 10970 (71.2) 1751 (71.8) 4.00 (2.00–6.00) – 4.56 (71.3) 2.23 (58.5) 1.74 (126)
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dose was approximately 1.3. The lower bound of the 95% CI 
for the slope of the regression line for each parameter was 
greater than 1 (Supplementary Table 3). Therefore, it can 
be concluded that the PK of ASC42 was overdose propor-
tional across the range of 5–50 mg following multiple dose 
administration under fasting conditions. This suggested that 
metabolic enzyme saturation may have occurred.

3.4  PD Assessments

Major PD parameters of FGF-19 and C4 following mul-
tiple doses of ASC42 are summarized in Table 4. Drug‐
associated elevations in mean FGF19 and declines in 

mean C4 were observed. For FGF19, the mean Emax, 
AUC 0–24,  AUEC0–24 Emax/baseline, and ECFB for subjects 
treated with ASC42 were higher than placebo in nearly all 
instances (except for 5 mg, similar FGF19 exposure was 
seen compared with the placebo) and appeared to increase 
with increasing dose. Baseline was similar for day 1 and 
day 14; therefore, parameters corrected for baseline were 
similar following either single or multiple doses. For C4, 
the mean Emin, AUC 0–24,  AUEC0–24, Emin/baseline, and 
ECFB for subjects treated with ASC42 were lower than 
placebo in nearly all instances and appeared to decrease 
with increasing dose. On day 14, the concentrations of C4 
decreased more significantly as compared with day 1 in all 

Table 4  Summary of PD parameters of FGF19 and C4 following multiple ascending doses [mean (SD)]

AUC  area under the concentration-time curve, AUC 0–24h AUC from time 0–24 h, AUEC0–24h area under the effect curve from time 0–24 h; C4, 
7-alpha-hydroxy-4-cholesten-3-one, Emax maximum effect, ECFB maximum change from baseline effect, Emin minimum effect, FGF-19 fibroblast 
growth factor 19, MAD multiple ascending dose, n number of subjects, SD standard deviation

FGF-19 Time n AUC 0‐24 h (pg × h/mL) AUEC0‐24 h (pg × h/mL) Emax (pg/mL) ECFB (pg/mL) Emax/baseline

 ASC42 5 mg Day 1 6 6714 (2709) 1807 (1336) 483 (221) 278 (130) 2.62 (0.967)
Day 14 6 5993 (2278) 2985 (2054) 527 (201) 400 (151) 4.71 (1.77)

 ASC42 15 mg Day 1 6 7656 (1152) 5935 (1236) 934 (254) 862 (257) 13.5 (4.27)
Day 14 6 6155 (1984) 5043 (1694) 803 (279) 757 (271) 17.8 (4.49)

 ASC42 50 mg Day 1 7 12138 (3268) 8958 (3077) 1369 (313) 1236 (364) 13.7 (8.01)
Day 14 6 29832 (16424) 27054 (15590) 3612 (1603) 3496 (1572) 39.7 (31.4)

 Pooled placebo Day 1 6 5592 (2330) 2157 (1906) 499 (324) 355 (316) 4.37 (3.04)
Day 14 6 5102 (1068) 2265 (996) 390 (48.1) 271 (78.7) 5.15 (3.83)

C4 Time n AUC 0‐24 h (pg × h/mL) AUEC0‐24 h (pg × h/mL) Emax (pg/mL) ECFB (pg/mL) Emax/baseline

 ASC42 5 mg Day 1 6 168 (88.6) − 91.1 (132) 4.39 (2.26) − 6.46 (6.29) 0.48 (0.292)
Day 14 6 185 (118) − 72.1 (246) 3.53 (2.74) − 7.32 (9.11) 0.47 (0.437)

 ASC42 15 mg Day 1 6 353 (356) − 322 (322) 3.38 (2.46) − 24.8 (25.9 ) 0.16 (0.092)
Day 14 6 233 (205) − 444 (479) 2.03 (1.78) − 26.2 (26.6) 0.09 (0.042)

 ASC42 50 mg Day 1 7 153 (71.1) − 361 (156) 2.22 (0.926) − 19.3 (7.69 ) 0.11 (0.042)
Day 14 6 14.1 (16.5) − 266 (309) 0.83 (0.26) − 22.8 (8.47) 0.04 (0.034)

 Pooled placebo Day 1 6 335 (174) − 46.5 (164) 8.69 (4.69) − 7.27 (8.53) 0.69 (0.249)
Day 14 6 410 (215) 28.6 (300) 8.97 (5.14) − 6.99 (9.63) 0.83 (0.602)

Fig. 3  Effect of ASC42 on cholesterol. Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein choles-
terol (LDL-C) remained within normal limits during 14-day ASC42 treatment
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dose groups. Overall, exposure to ASC42 increased with 
increasing dose and there was an increase in FGF19 and 
decrease in C4 parameters.

3.5  Effects of ASC42 on Cholesterol

TC, HDL-C, and LDL-C remained within normal limits 
during the study (Fig. 3). Mean HDL-C of 50 mg in MAD 
study was a little below the normal limit on day 14, but 
back to normal on day 21.

4  Discussions

Results of this phase I study in healthy subjects showed 
that PK of ASC42 was overdose proportional across the 
range of 5–200 mg single dose administration under fast-
ing conditions, or across the range of 5–50 mg multiple 
dose administration. Median Tmax ranged from 1.75 to 4.00 
h following a single dose of ASC42 on day 1 and was 
slightly later following administration with food (5.00 h) 
and the t1/2 was similar (approximately 8 h) for the 15–200 
mg doses and slightly longer for the 5 mg dose (11 h). 
There was a 21% and 37% decrease in AUC and Cmax, 
respectively, when ASC42 was taken with food compared 
with when given in the fasted state, indicating a minimal 
food effect. The accumulation ratio based on day 14 to 
day 1 AUC 0–τ and Cmax ranged from 1.02 to 1.74 and 1.00 
to 2.23, respectively, for 5–50 mg ASC42, indicating a 
mild accumulation. The accumulation ratio for the 15 mg 
ASC42 dose (proposed the highest therapeutic dose) was 
low, approximately 1.3.

Concentrations of FGF-19 in subjects receiving ASC42 
were all higher than those receiving placebo (with the 
exception of the 5 mg single dose) and appeared to increase 
with increasing doses of ASC42. The concentrations of C4 
were all lower in subjects receiving ASC42 than those 
receiving placebo and appeared to decrease with increas-
ing doses of ASC42. C4 is a metabolic intermediate in 
the rate limiting step for the synthesis of bile acids from 
hepatic cholesterol. FGF19 is a hormone released by ileal 
enterocytes after stimulation of nuclear FXRs, typically 
by absorbed bile acids, and FGF19 provides negative feed-
back for bile acid synthesis in hepatocytes. Thus, increase 
of FGF19 and decrease of C4 indicated impediment of 
bile acid synthesis, suggesting the therapeutic potential 
of ASC42 for NAFLD and PBC.

Based on both mouse and rat NASH animal models, 
the predicted human therapeutic dose was 15 mg once 
daily (unpublished data). This phase I study showed that 
during 14-day treatment of 15 mg once daily day 1 and 
day 14, FGF19 levels were 13.5 and 17.80-fold of the 

pre-dose baseline, respectively; day 1 and day 14 C4 levels 
decreased 84% and 91% from the baseline, respectively. 
Based on these data, 15 mg once-daily dose could be con-
sidered as the highest therapeutic dose for future studies. 
The magnitude of FGF19 increase and/or C4 decrease may 
be used to project potential levels of liver fat reduction 
in NASH or PBC patients with a ≥ 30% relative liver fat 
reduction on magnetic resonance imaging-derived proton 
density fat fraction (MRI-PDFF) potentially correlating 
with an increased likelihood of histologic benefit [13, 14].

Results from other clinical trials in NASH and PBC 
have shown that OCA and other FXR agonists cause class-
related side effects, including pruritus, increased plasma 
cholesterol levels, and reduced levels of HDL-C [15]. Only 
pruritus was reported in this study, and occurred only at 
the highest doses. Most AEs were mild (grade 1) or mod-
erate (grade 2) in severity, and only two subjects (8.0%) 
in part II (MAD) reported two severe AEs of pruritus. 
No life-threatening or fatal TEAEs occurred. The most 
common AE in part II (MAD) was pruritus, reported as 
one event each in four subjects (57.1%) in cohort 8. Pruri-
tus was also reported for one subject in cohort 5 (ASC42 
200 mg) of part I. ASC42 did not cause pruritus in healthy 
subjects up to 3 weeks following daily dosing up to 15 
mg for 2 weeks. Slight reduction of HDL-C was observed 
in the highest multiple doses of 50 mg ASC42 group on 
day 14. However, since there was no significant difference 
and the highest therapeutic dose would be selected as 15 
mg or lower daily dosing, the potential HDL-C reduction 
would not be relevant. It was noticed that the exposure at 
50 mg daily dosing was 6.2-fold higher than that of 15 mg 
daily dosing as the dose increased by 3.3 fold, indicating a 
reasonable safety margin (6.2) for pruritus. Although one 
SAE was observed in part II (cohort 8, ASC42 50 mg), 
it was considered unlikely related to the ASC42 due to 
potential lifestyle and/or life event, which may have con-
tributed to a pre-study medical history of paroxysmal atrial 
fibrillation, undiagnosed prior to enrollment in this study.

There were some limitations in this study. Due to only 
having a 14-day treatment duration, the drug‐induced pru-
ritus needs to be further evaluated with the longer treatment 
duration. Effect of ASC42 on TC, HDL-C, and LDL-C 
levels also need to be evaluated with the longer treatment 
duration.

5  Conclusions

ASC42 was in general safe and well tolerated when adminis-
tered as single doses up to 100 mg and multiple daily doses 
for 14 days up to 15 mg in healthy subjects. ASC42 at thera-
peutic dose range (5–15 mg) had an acceptable safety profile 
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and showed no drug‐induced pruritus or transient elevations 
in serum ALT, AST, or GGT. Furthermore, ASC42 showed 
effective FXR target engagement in dose‐dependent eleva-
tions in FGF19 and reduction in C4, and caused no signifi-
cant changes in TC, HDL-C, and LDL-C levels in healthy 
subjects up to 3 weeks following daily dosing for 14 days. 
Results of this study support the continued investigation of 
ASC42 in patients with NAFLD/NASH/PBC. ASC42 is cur-
rently in a 12-week phase 2 trial to treat PBC.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40268- 023- 00444-4.
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