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Abstract
Rencofilstat (RCF) demonstrated antifibrotic effects in preclinical models 
and was safe and well tolerated in Phase 1 studies. The aim of this Phase 
2a study was safety, tolerability, pharmacokinetics, and exploration of effi-
cacy biomarkers in subjects with nonalcoholic steatohepatitis (NASH). This 
Phase 2a, multicenter, single- blind, placebo- controlled study randomized 49 
presumed F2/F3 subjects to RCF 75 mg once daily (QD), RCF 225 mg QD, 
or placebo for 28 days. Primary safety and tolerability endpoints were ex-
plored using descriptive statistics with post hoc analyses comparing active to 
placebo groups. Pharmacokinetics were evaluated using population pharma-
cokinetics methods. Efficacy was explored using biomarkers, transcriptom-
ics, and lipidomics. RCF was safe and well tolerated, with no safety signals 
identified. The most frequently reported treatment- emergent adverse events 
were constipation, diarrhea, back pain, dizziness, and headache. No clini-
cally significant changes in laboratory parameters were observed, and RCF 
pharmacokinetics were unchanged in subjects with NASH. Alanine transami-
nase (ALT) reduction was greater in active subjects than in placebo groups. 
Nonparametric analysis suggested that ALT reductions were statistically dif-
ferent in the 225- mg cohort compared with matching placebo: −16.3 ± 25.5% 
versus −0.7 ± 13.4%, respectively. ProC3 and C6M reduction was statistically 
significant in groups having baseline ProC3 > 15.0 ng/ml. RCF was safe and 
well tolerated after 28 days in subjects with presumed F2/F3 NASH. Presence 
of NASH did not alter its pharmacokinetics. Reductions in ALT, ProC3, 
and C6M suggest direct antifibrotic effects with longer treatment duration. 
Reductions in key collagen genes support a mechanism of action via sup-
pression and/or regression of collagen deposition. Conclusion: These results 
support advancement of rencofilstat into a larger and longer Phase 2b study.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is character-
ized by fat accumulation in the liver and often is associ-
ated with obesity, insulin resistance, diabetes mellitus, 
dyslipidemia, hypertension, and other aspects of the 
metabolic syndrome.[1,2] Its global prevalence is es-
timated to be 24%, with the highest rates reported in 
South America (31%) and the Middle East (32%), with 
a prevalence in the United States approximated to be 
about 24%.[3] A more severe form of NAFLD, nonal-
coholic steatohepatitis (NASH), shares many char-
acteristics of NAFLD, but additionally includes liver 
inflammation, hepatocyte injury, and fibrosis.[2,4,5] Liver 
fibrosis in NASH has been directly linked to mortality 
via cirrhosis and cardiovascular disease,[6] but is also 
associated with an increased risk of hepatocellular 
carcinoma (HCC).[7] Recently, NASH has surpassed 
chronic hepatitis C as the most common indication for 
liver transplantation.[8] There are currently no US Food 
and Drug Administration– approved medications spe-
cifically for NAFLD or NASH, although there are many 
drug candidates in various phases of development.

Cyclophilins (Cyp) is a family of peptidyl- prolyl 
cis- trans isomerases that primarily regulate protein 
folding and trafficking. They specifically catalyze the 
cis- trans isomerization of peptide bonds at proline res-
idues, which alters protein folding, allowing cyclophil-
ins to moderate structure and function of a vast array 
of proteins. There are 17 known Cyp in humans, with 
well- documented roles in many physiologic and patho-
physiologic processes. One mechanism of action for 
improvements in NASH is to prevent collagen synthe-
sis via Cyp B inhibition, although anti- inflammatory and 
mitochondrial pore mechanisms may also be involved 
via Cyp A and Cyp D inhibition, respectively.[9]

Rencofilstat (RCF, formerly known as CRV431) is a 
cyclophilin inhibitor. RCF is proposed to directly target 
the hepatotoxic effects of steatosis, including oxidative 
stress, cell injury, cell death, leukocyte recruitment and 
activation of infiltrating cells and resident macrophages, 
profibrogenic activation of hepatic stellate cells, fibro-
sis, and carcinogenic transformation of liver cells via 
CypB, CypA, and CypD inhibition.[9] RCF has consis-
tently demonstrated the ability to prevent the progres-
sion of liver fibrosis in a variety of animal NASH models 
and in precision- cut human liver slices. Preclinical 
studies demonstrated that RCF hepatic concentrations 
were 5- fold to 10- fold higher than whole blood concen-
trations, and clinical physiologically based pharma-
cokinetic modeling confirms at least a 10- fold- higher 
accumulation of RCF in the liver compared with whole 
blood. Preclinical studies reveal that RCF is a potent  
cyclophilin inhibitor with a half maximal inhibitory 
concentration (IC50) for Cyp inhibition that ranges 
from 3.2 to 9.5 ng/ml.[10] Phase 1 pharmacokinetic 
studies demonstrate that RCF doses between 75 mg 

and 225 mg per day achieve steady- state concentra-
tions that exceed IC50 values, especially in the liver. 
Preclinical toxicology and Phase 1 safety studies reveal 
no significant safety signals.

Hepion pharmaceuticals is currently developing RCF 
for both NASH and HCC. This paper reports results 
from the completed Phase 2a, multicenter, single- blind, 
placebo- controlled study (AMBITION) to evaluate the 
safety and tolerability of CRV431 dosed once daily (QD) 
in NASH- induced F2 and F3 subjects. The study was 
designed to assess the safety, tolerability, and phar-
macokinetics (PK) of RCF in subjects with NASH and 
explore noninvasive efficacy signals in order to power a 
larger Phase 2b trial.

METHODS

This multicenter, randomized, single- blind, placebo- 
controlled, Phase 2a study was conducted at 10 sites in 
the United States. Subjects were eligible for the study 
if they were between the ages of 18– 75 years, capa-
ble of providing informed written consent, and were 
presumed to have F2 or F3 NASH based on abnor-
malities at Screening in the following NASH biomark-
ers: aspartate aminotransferase (AST) level > 20 IU/L, 
Pro- C3 > 15.5 ng/ml, enhanced liver fibrosis (ELF) 
score > 9.8, and a vibration- controlled transient elas-
tography (VCTE) kPa value > 8.5 kPa. Key exclusion 
criteria included pregnancy or breastfeeding, known 
allergy to RCF, positive hepatitis B surface antigen, 
hepatitis C virus (HCV) antibodies (HCVAb), or human 
immunodeficiency virus antibodies. If the HCVAb test 
was positive, an HCV- RNA test was performed. If the 
HCV- RNA test was negative, the subject was allowed 
to participate in the study, as long as the subject met all 
other inclusion criteria and had never been treated for 
HCV or was treated > 2 years ago and achieved a sus-
tained virologic response at that time. Subjects with 
cirrhosis were also excluded. Subjects with a platelet 
count < 150,000/ml, a hemoglobin A1c (HbA1c) > 9.5%, 
uncontrolled hypertension (systolic > 150 mm Hg or 
diastolic > 90 mm Hg), or an estimated glomerular fil-
tration rate (eGFR) < 60 ml/min/1.73 m2 were also ex-
cluded. A full list of inclusion and exclusion criteria is 
provided in the Appendix A. The inclusion criteria were 
amended before the 225- mg cohort recruitment, to re-
quire either a qualifying PRO- C3 level or ELF score but 
not both. This protocol modification supported enroll-
ment but decreased baseline liver enzymes and ProC3 
in this cohort.

Subjects were recruited from clinical research cen-
ters associated with Summit Clinical Research. All 
subjects provided written informed consent. This study 
was conducted in accordance with 21 Code of Federal 
Regulations Part 312, Good Clinical Practice (CPMP/
International Council on Harmonization/135/95), and 
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with the ethical principles laid down in the Declaration 
of Helsinki and applicable regulatory requirements. 
The detailed study design, including inclusion and 
exclusion criteria, is registered with Clini calTr ials.gov 
(NCT04480710).

Randomization and blinding

Subjects were randomized 2:1 to receive RCF (75 or 
225 mg) or placebo orally once daily as soft gelatin 
capsules. Randomization was based on a predefined 
computer- generated randomization schedule gener-
ated by a non– study statistician. Using this randomi-
zation schedule, pharmacy staff or designee assigned 
treatment sequentially to each eligible subject within a 
given cohort. Subjects were randomized to ensure at 
least 12 subjects in each dose level of RCF and 6 sub-
jects in each dose level of matching placebo completed 
the study through Day 42 procedures. A data safety 
monitoring board reviewed the safety and PK data of 
the 75- mg cohort before subjects were recruited for the 
225 mg cohort. Only subjects were blinded to treatment 
assignments.

Procedures

Subjects received placebo, RCF 75 mg or RCF 225 mg, 
orally in the form of 75- mg soft- gelatin capsules once 
daily in the morning in the fasted state. Safety and tol-
erability parameters, including adverse events (AEs), 
serious adverse events (SAEs), physical examinations 
including weight and height, concomitant medications, 
laboratory assessments including blood chemistry, 
hematology and coagulation, urinalysis, pregnancy 
screening, electrocardiogram (ECG), and vital sign as-
sessments were determined at screening, with base-
line assessed on Day 1 before drug administration and 
then weekly for 4 weeks. Whole- blood PK samples 
were analyzed for RCF and its primary metabolites on 
Day 1 and Day 28.

Primary outcomes

The primary outcomes for the study were safety, toler-
ability, PK, and exploratory NASH biomarkers identified 
in subjects with presumed F2/F3 NASH.

Exploratory efficacy outcomes

Efficacy biomarkers were collected at baseline, after 
28 days of daily oral administration of RCF, and at 
the end of study following a 14- day observation pe-
riod. Biomarkers were included to assess antifibrotic 

mechanisms in subjects with presumed F2/F3 NASH. 
Due to the short duration of the trial, robust changes 
in traditional biomarkers of fibrosis such as ELF score, 
FibroScan, alanine aminotransferase (ALT), or Pro- C3 
were not anticipated, and liver biopsy was not ethical 
for this short observation period. However, a host of 
biomarkers were measured to confirm the mechanism 
of action of RCF and to assess the potential for thera-
peutic success in a longer and larger Phase 2b trial. 
Biomarkers presented in this report include the follow-
ing: ALT, Pro- C3, collagen biomarkers (C1M, Pro- C3, 
C3M, Pro- C3/C3M ratio, C4M, Pro- C4, Pro- C5, Pro- 
C6, C6M, Pro- C6/C6M ratio, and C- Reactive Protein 
degraded by matrix Metalloprotease [CRPM]), and 
whole- blood RNA transcriptomics.

Statistical methods

Continuous variables were summarized by presenting 
the number of non- missing observations, mean, SD, 
median, minimum, and maximum. Categorical variables 
were summarized by presenting the number of subjects 
and percentages for each category. Efficacy endpoints 
were all exploratory in this study and included the ab-
solute and percent change from baseline for AST and 
ALT, Pro- C3, ELF score, and FibroScan score. Further 
exploratory efficacy analyses included parametric 
analysis of variance (ANOVA)/analysis of covariance 
for repeated partial measures using PROC GLM with 
Bonferroni multiplicity correction. In the presence of a 
nonnormal distribution or if the sample size was too 
small to accurately assess the distribution, nonparamet-
ric tests including Friedman ANOVA for repeated partial 
measures with or without ranking or Savage ANOVA 
were performed using PROC NPAR1WAY. Statistical 
analyses were performed using SAS for Windows sta-
tistical software, version 9.4 or higher.

Population PK analyses were performed in Nonmem 
version 7.5 (ICON PLC) using Pirana version 3.0 
(Certara) running Perl Speaks Nonmem (PsN 5.2.6) 
and R version 4.1.0. The final model was selected 
based on the minimization of the objective function 
(−2LL), Akaike, and Bayesian (Schwarz) criteria and 
%RSE combined with visual inspection of the residu-
als (weighted and conditional), visual predictive check, 
and observed versus predicted plots. The best model 
was used to predict concentrations in the subjects with 
NASH out to 816 h. The nonliner mixed effect (NLME) 
estimation method used was first- order condition esti-
mation with interaction. Confidence intervals were ob-
tained via a jackknife bootstrap (n = 500 runs).

RNA sequencing was performed using whole- 
blood samples stabilized for RNase in Tempus tubes. 
Sequencing was performed by Canopy Biosciences 
targeting 60 M paired- end reads. Differentially ex-
pressed gene (DEG) analysis was analyzed by Hepion 

http://clinicaltrials.gov
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Pharmaceuticals using the quasi- mapping, two- phased 
inference algorithms implemented in Salmon[11] with 
DEG performed in R v4.1.0 using DESEq[12] or edgeR[13] 
after testing for bias.

CTI Clinical Trial and Consulting Services performed 
all safety statistical analyses. Hepion Pharmaceuticals 
performed the popPK analysis with additional analyses 
of efficacy and biomarker data.

RESULTS

A total of 181 subjects were screened at 10 sites in the 
United States, with 49 subjects randomly assigned be-
tween August 3, 2020, and June 29, 2021, to receive 
RCF 75 mg (n = 15), RCF 225 mg (n = 18), or placebo 
(pooled = 16). A total of 47 subjects were included in 
the safety analysis (Figure 1).

Subject demographics for the safety data set are 
summarized in Table 1. The study population had a 
mean age ranging from 54 to 61.8 years across the dif-
ferent dosing cohorts, and was generally well- balanced 
with the exception of gender in the placebo group 
given three capsules. Most subjects were White and of 
Hispanic or Latino ethnicity. The mean body mass index 
BMI ranged from 36.1 to 39.2 kg/m2, with an overall BMI 
range from 24.6 to 56.7 kg/m2. No baseline differences 
were detected among the treatment cohorts, although 
ALT and AST approached statistical significance, sug-
gesting a potentially important difference in baselines 
between the RCF 75 mg/placebo 1 capsule and the 
RCF225 mg/placebo 3 capsule groups. Concomitant 
medications are included to demonstrate the safety of 
RCF in the presence of commonly prescribed medica-
tions in subjects with NASH.

Safety

Treatment- emergence adverse events (TEAEs) are 
summarized in Table 2. A total of 21 (44.7%) subjects 
experienced 36 TEAEs. Sixteen (34.0%) subjects had 
25 TEAEs unrelated to the study drug; 2 (4.3%) subjects 
had two TEAEs possibly related to the study drug; and 
5 (10.6%) subjects had nine TEAEs probably related to 
the study drug as determined by the Investigators. Most 
TEAEs (35 of 36; 97.2%) were graded as mild to moder-
ate, with 1 classified as severe. There were no deaths or 
treatment- emergent SAEs (TESAEs) during the study.

PK of rencofilstat in NASH versus 
healthy subjects

Whole- blood RCF concentrations in NASH were com-
pared with healthy subjects and depicted in Figure 2. 
Visual inspection of the concentration versus time 
curves suggests that RCF achieves maximum concen-
trations within 2– 8 h after dosing. Subjects with NASH 
have very similar whole- blood concentrations to healthy 
subjects at 75 mg QD, while slightly higher exposure 
was observed at 225 mg QD, although this was not sta-
tistically significant. PK were analyzed using nonlinear 
mixed- effects modeling and compared with the Phase 
1 multiple ascending dose study.

The overall estimates for clearance after oral admin-
istration (CL/F) and volume central compartment after 
oral administration (VC/F) are in good agreement with 
parameter estimates from pooled 75- mg and 225- mg 
doses of RCF in healthy subjects of 4.3 ± 0.57 L/h and 
202.1 ± 43.7 L, respectively. This confirmed that the ef-
fective half- life of elimination for RCF in subjects with 

F I G U R E  1  Disposition of subjects. PK, pharmacokinetics.
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F2/F3 NASH was 33.7 ± 11.1 h. RCF PK are not signifi-
cantly altered in subjects with F2/F3 NASH.

Exploratory efficacy

Descriptive statistics for key efficacy biomarkers 
measured in the study are summarized in Table 3. 

Next, ALT and Pro- C3 are analyzed further. Collagen 
biomarkers C1M, C6M, and Pro- C8 demonstrate non– 
statistically significant reductions over 28 days in the 
active treatment arms. VCTE kPa demonstrated a re-
duction over 28 days in all active and placebo groups, 
whereas VCTE with controlled attenuation parameter 
results were unchanged. Serum ALT demonstrated 
greater reduction by Day 28 in both active treatment 

TA B L E  1  Demographics

Characteristic
Placebo 1 cap 
(N = 6)

RCF 75 mg 
(N = 15)

Placebo 3 cap 
(N = 9)

RCF 225 mg 
(N = 17) p

Age (years) 61.8 ± 8.7 59.1 ± 9.9 61.1 ± 13.8 54.0 ± 13.3 0.37
Gender, n (%)
Male 3 (50%) 7 (46.7%) 7 (77.8%) 7 (41.2%)
Female 3 (50%) 8 (53.3%) 2 (22.2%) 10 (58.8%)
Race, n (%)
White 5 (83.3%) 14 (93.3%) 9 (100%) 17 (100%)
Other 1 (16.7%) 1 (6.7%) 0 (0%) 0 (0%)
Ethnicity, n (%)
Hispanic or Latino 3 (50%) 6 (40%) 6 (66.7%) 10 (58.8%)
Not Hispanic or Latino 3 (50%) 9 (60%) 3 (33.3%) 7 (41.2%)
Weight (kg) 100.2 ± 22.9 104.5 ± 22.6 118.3 ± 31.2 106.6 ± 20.0 0.45
BMI (kg/m2) 36.1 ± 6.5 37.1 ± 8.5 39.2 ± 10.6 37.7 ± 6.4 0.89
ALT (IU/L) 75.8 ± 36.8 62.5 ± 42.1 52.9 ± 35.6 39.3 ± 18.4 0.05
AST (IU/L) 70.2 ± 40.1 51.9 ± 35.3 44.7 ± 36.0 33.1 ± 14.3 0.07
Pro- C3 (ng/L)
n 5 15 8 14
Mean ± SD 23,190 ± 10,554 23,147 ± 6883 18,563 ± 5842 19,936 ± 9073 0.49
ELF score
N 6 15 8 16
Mean ± SD 10.1 ± 0.4 10.3 ± 0.8 9.7 ± 1.0 9.8 ± 0.9 0.27
FibroScan fibrosis (kPa)
n 6 15 9 16
Mean ± SD 21.8 ± 20.6 18.8 ± 16.1 23.0 ± 20.7 13.6 ± 5.4 0.45
FibroScan steatosis (dB/m)
N 6 9 16
Mean ± SD 351.0 ± 29.2 353.2 ± 34.8 341.1 ± 55.6 329.4 ± 49.1 0.48
Proton pump inhibitors 5 (35.7%) 2(33.3%) 2 (25%) 8 (61.5%)
HMG COA RI 7 (50%) 4(66.7%) 6 (75%) 8 (61.5%)
HMG COA RI + lipid- modifying agents 1 (7.1%) 0 (0%) 0 (0%) 0 (0%)
Platelet aggregation inhibitors excl. heparin 6 (42.9%) 1 (16.7%) 3 (37.5%) 8 (61.5%)
Biguanides 5 (35.7%) 3 (50%) 6 (75%) 7 (53.8%)
ARBs, plain 4 (25.6%) 3 (50%) 1 (12.5%) 4 (30.8%)
ARBs + diuretics 0 (0%) 0 (0%) 2 (25%) 0 (0%)
ARBs + CCB 0 (0%) 0 (0%) 0 (0%) 1 (7.7%)
ACEi, plain 3 (21.4%) 2 (33.3%) 4 (50%) 4 (30.8%)
ACEi + diuretics 2 (14.3%) 0 (0%) 0 (0%) 0 (0%)
ACEi + CCB 0 (0%) 0 (0%) 1 (12.5%) 0 (0%)

Note: Values are defined as LSMEANS ± SD. Percentages are based on the number of subjects in the Safety Set in each treatment group (N).
Abbreviations: ACEi, angiotensin converting enzyme inhibitors; ALT, alanine transaminase; ARBs, angiotensin II receptor blockers; AST, aspartate 
aminotransferase; BMI, body mass index; CCB, calcium channel blockers; ELF, enhanced liver fibrosis; cap, capsule; HMG COA RI, HMG- CoA reductase 
inhibitors(statins); N, number of subjects in each treatment group; n, number of subjects in the category. 
Source: HEPA- CRV431- 201 Ambition Trial CSR.
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cohorts compared with the comparably dosed pla-
cebo (Figure 3). Due to the differences in baseline 
ALT, all four cohorts are presented. Nonparametric 
analysis (Savage ANOVA) revealed that on Day 28 
the 225- mg QD cohort was statistically different from 
both the 75- mg and placebo 1 capsule cohorts (exact 
p = 0.017).

Overall, plasma Pro- C3 did not show a clear re-
sponse over 28 days of dosing when compared with 
placebo; however, analysis of all subjects with a base-
line Pro- C3 ≥ 15.0 ng/ml did demonstrate a dose re-
sponse greater than placebo for both doses of RCF. 
Previous NASH research has indicated that those sub-
jects with baseline Pro- C3 above 15.0 ng/ml have more 

TA B L E  2  Treatment- emergent adverse events

System organ class  
Preferred term

Placebo 1 cap  
(N = 6)

RCF 75 mg  
(N = 15)

Placebo 3 cap  
(N = 9)

RCF 225 mg 
(N = 17)

Subjects with any TEAE 3 (50.0%) 5 (33.3%) 3 (33.3%) 10 (58.8%)

Gastrointestinal disorders 0 (0%) 1 (6.7%) 2 (22.2%) 5 (29.4%)

Constipation 0 (0%) 1 (6.7%) 1 (11.1%) 2 (11.8%)

Diarrhea 0 (0%) 0 (0%) 0 (0%) 2 (11.8%)

Musculoskeletal disorders 1 (16.7%) 2 (13.3%) 0 (0%) 2 (11.8%)

Back pain 1 (16.7%) 0 (0%) 0 (0%) 1 (5.9%)

Nervous system disorders 1 (16.7%) 1 (6.7%) 0 (0%) 2 (11.8%)

Dizziness 1 (16.7%) 0 (0%) 0 (0%) 1 (5.9%)

Headache 1 (16.7%) 0 (0%) 0 (0%) 1 (5.9%)

Note: All data are presented as n (%). Percentages are based on the number of subjects in the Safety Set in each treatment group (N).
Abbreviations: PT, preferred term; TEAE, treatment- emergent adverse event.
Source: HEPA- CRV431- 201 Ambition Trial CSR.

F I G U R E  2  Rencofilstat (RCF) whole- blood concentrations versus time in subjects with nonalcoholic steatohepatitis (NASH) and 
healthy subjects (mean ± SD).
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advanced fibrosis, and these individuals would be the 
most appropriate clinical targets for rencofilstat.[14,15] 
Placebo cohorts were pooled for clarity in Figure 4.

Additional collagen biomarkers demonstrated a  
similar pattern when stratified by Pro- C3 baseline 
≥ 15.0 ng/ml, with reductions in C1M, C3M, C4M, C7M, 
and Pro- C8; however, only C6M demonstrated a statisti-
cally significant reduction in the 225- mg cohort on Day 28 
(placebo = 8.7 ± 15.2 ng/ml vs. 225 mg = −5.8 ± 9.9 ng/ml;  
p = 0.0176).

Transcriptomics

RNA sequencing demonstrated statistically significant 
down- regulation of several collagen genes summa-
rized in Table 4. All Gene Ontology (GO) domains were 
in the cellular component and in the collagen contain-
ing extracellular matrix with a GO ID of 0062023.

DISCUSSION

This study represents the first clinical use of Rencofilstat 
in subjects with presumptive F2/F3 NASH. The dura-
tion of treatment for 28 days allowed a direct compari-
son to healthy subjects in the multiple- ascending dose 
trial (CTRV- CRV431- 101) on the two primary endpoints 
of safety and PK.

No safety signals were identified during this trial of 
RCF in subjects with NASH. This is consistent with both 
the preclinical toxicology data as well as the Phase 1 
program in healthy subjects. The most frequently re-
ported TEAEs were constipation, diarrhea, back pain, 
dizziness, and headache. There were no clinically sig-
nificant changes or changes from baseline observed 
in any of the laboratory parameters (hematology, co-
agulation, blood chemistry, liver biochemical tests, 
urinalysis), vital signs (except one occurrence of body 
temperature decreased), pulse oximetry, or ECG find-
ings, with the exception of one event of hypercholester-
olemia in the 225- mg group and one event of increased 
blood pressure in the 225- mg group. No deaths or 
TESAEs were reported during the study. These safety 
results in subjects with NASH are in alignment with the 
Phase 1 program in healthy subjects. Constipation re-
quiring treatment with polyethylene glycol 3350 is the 
only AE that was reported in both the Phase 1 program 
and this Phase 2a trial. No deaths or TESAEs were re-
ported during the study. Overall, these results demon-
strate that RCF is well tolerated at dose levels of 75 mg 
and 225 mg for up to 28 days and has a favorable safety 
profile in this study population with F2/F3 fibrosis that 
reflects the target indication population.

Rencofilstat exposure in subjects with presumed 
F2/F3 NASH was similar to the exposure observed 
in healthy subjects (Figure 2). This was confirmed by 
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F I G U R E  3  Serum alanine transaminase by cohort and day. ANOVA, analysis of variance; QD, once daily.

F I G U R E  4  Plasma PRO- C3 (ng/ml) by cohort and day for subjects with PRO- C3 baseline >15 ng/ml.

TA B L E  4  Statistically significant collagen genes via edgeR and GeneWalk

HGNC 
symbol

edgeR 
Log2FC

edgeR  
p value HGNC ID

Ncon  
gene

Ncon  
GO

Global  
padj p value

COL18A1 −3.1 0.034 2195 47 66 0.052 0.008

COL6A5 −2.2 0.043 26,674 12 66 0.080 0.031

COL7A1 −4.7 0.001 2214 45 66 0.055 0.011

COL8A2 −4.8 0.001 2216 33 66 0.055 0.014

Abbreviations: GO, Gene Ontology; HGNC, HUGO Gene Nomenclature Committee; Ncon genes, number of communication genes; NconGO, number of GO 
genes; global_padj, false discovery rate.
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nearly identical drug clearance (CL/F) and volume of 
distribution (Vc/F) determined in NASH and healthy 
subjects. The elimination half- life (T1/2) derived from 
these estimates was 33.7 ± 11.1 h, which supports QD 
dosing.

Biomarker efficacy

ALT levels observed during the study demonstrated 
a nonsignificant reduction over the 28 days of active 
treatment. Although nonnormally distributed with sig-
nificant outliers in several treatment cohorts, both the 
225- mg and 75- mg cohorts demonstrated a mean 
percent reduction on Day 28 of −16.31 ± 25.50% 
and −18.36 ± 25.75%, respectively. The correspond-
ing placebo groups with three capsules and one cap-
sule demonstrated a reduction of −10.24 ± 12.32% 
and −0.65 ± 13.44%, respectively, revealing greater re-
duction of ALT in the active treatment groups. The 75- 
mg cohort entered the study with a higher baseline ALT 
of 62.52 ± 42.06 IU/L compared with the 225- mg cohort 
of 36.06 ± 15.74 IU/L. The higher baseline in the 75- mg 
cohort may reflect a difference in subjects in this cohort 
having greater liver inflammation or more active disease 
and could explain the slightly greater mean reduction 
in ALT in this cohort compared with the 225- mg dose. 
However, variability in ALT was less in the 225- mg co-
hort with increasing reduction from day 7 to day 28. 
This is consistent with a more reliable effect on ALT in 
the 225- mg versus the 75- mg cohort, in which the 75- 
mg cohort had greater outliers and fewer ALT respond-
ers. Nonparametric analysis did suggest that only the 
225- mg QD cohort was statistically different than the 
other cohorts. No statistically significant changes were 
observed in VCTE or ELF measurements, as expected 
for this short 28- day observation time.

Collagens are the main constituents of the fibrotic 
extracellular matrix (ECM) and are heavily represented 
in accumulation fibrosis.[16] Pro- C3 has emerged as 
biomarker, which is predictive of fibrosis progression in 
HCV[17] and NASH and has been used as a biomarker 
in at least two Phase 2 trials.[18,19] In these published 
studies, elevations in Pro- C3 from baseline are the 
most predictive of disease progression. The original 
inclusion criteria of this trial used a Pro- C3 baseline 
of 15.5 combined with an ELF score > 9.8; however, 
this was amended to a Pro- C3 baseline ≥ 15.5 or an 
ELF score ≥ 9.8 for the 225- mg cohort to aide in re-
cruitment of subjects. This change allowed subjects 
to enter the study with a lower Pro- C3 baseline and 
may have influenced the overall effectiveness of Pro- 
C3 as a biomarker. Stratification of the data into those 
subjects with Pro- C3 > 15.0 demonstrated a statistically 
significant reduction in Pro- C3 even over 28 days. In 
the same group with Pro- C3 > 15.0 ng/ml, several other 
collagen biomarkers demonstrated clinically relevant 

reductions over the 28- day study. However, only C6M 
achieved statistical significance by Day 28.

C6M as a biomarker detects a fragment generated 
by matrix metalloproteinase (MMP)– 2 and MMP- 9 
cleavage of type VI collagen, and serum levels have 
been shown to be increased in liver fibrosis.[20] In a 
study by Karsdal et al., Pro- C3 and C6M both emerged 
as predictors of liver fibrosis progression. However, it 
was only in subjects with high baseline Pro- C3 and 
C6M that these biomarkers were independent predic-
tors of fibrosis progression, with individual odds ratios 
of 19.4 (p = 0.003) and 11.6 (p = 0.011) for subjects with 
baseline levels of Pro- C3 > 22.4 and C6M > 11.6 ng/ml, 
respectively.[21] In this study, Pro- C3 and C6M base-
lines were above these elevated baselines in over half 
of the subjects, suggesting that a reduction in both Pro- 
C3 and C6M reported here with 28 days of RCF use 
could predict a lack of disease progression for subjects 
with advanced NASH.

Changes in the transcriptome were anticipated to 
reveal the greatest impact of pharmacodynamic ac-
tivity of RCF in subjects with NASH due to the short 
duration of this Phase 2a study. Initial results of the dif-
ferential gene expression confirmed down- regulation 
of several clinically relevant collagen genes. This find-
ing was consistent with the preclinical animal models 
and precision- cut human liver slices. The transcrip-
tome changes confirm the hypothesis that cyclophi-
lin inhibition with RCF results in an antifibrotic effect 
through the reduction of collagen formation. In this 
study, COL6A5, COL7A1, COL8A2, and COL18A1 
were all down- regulated with log2- fold changes greater 
than −2.2. Gene enrichment using the GeneWalk[22] al-
gorithm identified the GO as the collagen- containing 
ECM cellular component with significant interaction 
with other genes. In particular, type IV collagens are 
considered network- forming collagens and include 
collagen IV, VI, VII, VIII, and X.[23] Thus, treatment 
with RCF would be anticipated to have a significant 
downstream effect on network- forming collagens. In 
addition, the GeneWalk algorithm identified intercon-
nectivity of these genes, suggesting a key role for 
RCF's mechanism of action. Interestingly, COL18A1 is 
known as a multiplexin collagen and is involved indi-
rectly in endostatin function, which has been shown 
to predict peroxisome proliferator- activated receptor α 
antifibrotic activity in tumor angiogenesis.[24] This pre-
liminary transcriptomic analysis confirms that 28 days 
of treatment with RCF results in down- regulation of 
collagen genes in subjects with NASH in a manner that 
could facilitate both a reduction in collagen formation 
and an increased collagen catabolism with extended 
dosing.

Taken together, the findings in this Phase 2a clinical 
trial in subjects with presumed F2/F3 NASH provide the 
rationale for further assessment in a paired liver biopsy 
cohort of patients at risk of NASH.
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APPENDIX A

INCLUSION AND EXCLUSION CRITERIA
Inclusion criteria:

Subjects were required to fulfill all of the following 
inclusion criteria to be eligible for participation in the 
study:

1. Capable of giving written, informed consent and able 
to effectively communicate with the Investigator and 
study personnel. A signed informed consent form 
had to be on file before initiating the screening 
procedures;

2. Willing and able to complete all study requirements, 
restrictions, visits, and procedures;

3. AST ≥ 2 0 IU/L and FibroScan ≥ 8.5 kPa values. 
Historical value of FibroScan obtained within 
3 months before Screening could be accepted. If his-
torical value was not available, a FibroScan had to 
be obtained as part of Screening. If a potential sub-
ject did not meet the inclusion AST and/or FibroScan 
requirements, a historical biopsy obtained within 
6 months confirming NASH F2 fibrosis stage or a his-
torical biopsy obtained within 12 months confirming 
NASH F3 fibrosis stage could be accepted to super-
sede the AST and/or FibroScan results;

4. Pro- C3 ≥ 15.5 ng/ml or ELF score ≥ 9.8;
5. Male or female between the ages of 18 and 75 years 

(inclusive);
6. Females of reproductive potential, defined as women 

who had not been postmenopausal for at least 24 con-
secutive months (i.e., those who had menses within 
the preceding 24 months) or women who had not un-
dergone surgical sterilization, specifically hysterec-
tomy, bilateral salpingectomy, bilateral oophorectomy, 
hysteroscopic sterilization, and/or tubal ligation, had 
to have a negative pregnancy test at Screening and 
within the 24- h period before Day 1; and

7. All participants had to agree not to participate in a 
conception process (i.e., active attempt to become 
pregnant or to impregnate, sperm or egg donation, 
in vitro fertilization). If participating in sexual activity 
that could lead to pregnancy, the participant had to 
agree to use two reliable methods of contraception 
simultaneously while receiving study treatment and 
for 3 months after subject stopped taking study drug. 
A combination of two of the following methods had to 
be used appropriately:

a. Condoms (male or female) with or without a 
spermicidal agent;

b. Diaphragm or cervical cap with spermicide;
c. Intrauterine device; and
d. Hormonal- based contraception.

Note: Participants not of reproductive potential (women 
who had been postmenopausal for at least 24 con-
secutive months or undergone hysterectomy, bilateral 
salpingectomy, bilateral oophorectomy, hysteroscopic 
sterilization, and/or tubal ligation, or men who had doc-
umented azoospermia) were eligible without requiring 
the use of contraceptives. Acceptable documentation 
of sterilization, menopause, or male partner's azoo-
spermia had to be provided; serum follicle stimulating 
hormone measurement could be used to document 
menopausal status.

Exclusion criteria:
Subjects who met any of the following criteria prior 

to the first dose of study drug were not eligible for 
randomization.

https://doi.org/10.1002/hep4.2100
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 1. Pregnant or breastfeeding or planning to become 
pregnant during the study period;

 2. Known allergy to CRV431, cyclosporine, or any of 
their inactive ingredients;

 3. Positive test for hepatitis B surface antigen, hepa-
titis C virus (HCV) antibody, or human immunode-
ficiency virus (HIV) antibody. If HCV antibody test 
was positive, then an HCV RNA test was performed. 
If the HCV- RNA test was negative, the subject was 
allowed to participate in the study, as long as the 
subject met all other inclusion criteria and had never 
been treated for HCV or was treated > 2 years ago 
and achieved a sustained virologic response at that 
time;

 4. History of or any current medical condition that 
could have compromised the safety of the partici-
pant in the study, as determined by the Investigator;

 5. Subjects with a systolic pressure > 150 or a diastolic 
pressure > 90. At the discretion of the Investigator, 
the blood pressure could be remeasured after 
10 min to ensure the blood pressure was in fact out 
of range. Out of range blood pressure after the sec-
ond measurement excluded a subject. If a subject 
had a blood- pressure reading within the desired 
range due to antihypertension medication, that 
subject could be included at the discretion of the 
Investigator, provided the antihypertension medica-
tion was not a contraindicated medication;

 6. Clinically significant gastrointestinal, cardiovascular, 
neurologic, psychiatric, metabolic, renal, hepatic, 
respiratory, inflammatory, or infectious disease, as 
determined by the Investigator;

 7. Subjects with a history of clinically significant acute 
cardiac event within 6 months before Screening such 
as stroke, transient ischemic attack, or coronary 
heart disease (angina pectoris requiring therapy, 
myocardial infarction, revascularization procedures, 
with left ventricular ejection fraction < 50% as deter-
mined by previous echocardiography or multigated 
acquisition scan);

 8. Subjects with uncontrolled or unstable cardiac 
arrhythmias: 

a. Severe conduction disturbance (e.g., second- 
degree or third- degree atrioventricular [AV] block);

b. Corrected QT interval (QTc) interval > 450 ms 
(males) or >470 ms (females); or

c. History of congenital long QT syndrome, congen-
ital short QT interval (QT) syndrome, Torsades 
de Pointes, or Wolff Parkinson White syndrome

 9. Subjects with transaminases >5 × upper limit of nor-
mal (ULN) and with alkaline phosphatase > 2 × ULN;

 10. Subjects with total serum bilirubin > 1.5 × ULN, un-
less the subject had Gilbert's Syndrome, in which 
case the subject could be enrolled provided the di-
rect bilirubin was within 30% of the total bilirubin;

 11. Subjects with a platelet count < 150,000/mm3;
 12. Systemic immunosuppression within 6 months be-

fore the first dose of study drug apart from short- 
term treatment for asthma, chronic obstructive 
pulmonary disease, or other respiratory conditions;

 13. Current clinically significant diarrhea or gastric sta-
sis that, in the Investigator's opinion, could have in-
fluenced drug absorption or bioavailability;

 14. Subject with any history or presence of decompen-
sated cirrhosis;

 15. Other well- documented causes of chronic liver 
disease according to standard diagnostic procedures 
including, but not restricted to:

a. Suspicion of drug- induced liver disease;
b. Alcohol- associated liver disease;
c. Autoimmune hepatitis;
d. Wilson disease;
e. Primary biliary cholangitis, primary sclerosing 

cholangitis;
f. Genetic hemochromatosis (homozygosity for 

C282Y or C282Y/H63D compound heterozygote);
g. Known or suspected hepatocellular carcinoma 

(HCC); or
h. History or planned liver transplant, or current 

Model for End- Stage Liver Disease score > 15

 16. History of, or current evidence of, gallstones, gall 
bladder disease, cholestasis that had not been 
treated with cholecystectomy, or pancreatitis;

 17. Subjects with glycosylated hemoglobin (HbA1c) 
> 9.5%. For subjects with an HbA1c > 9.5% at the 
Screening Visit, a repeat test could be performed. A 
repeat HbA1c result > 9.5% led to exclusion;

 18. At Screening, an estimated glomerular filtration 
rate (eGFR) < 60 ml/min/1.73 m2 (calculated by the 
Chronic Kidney Disease Epidemiology Collaboration 
method) and/or a Kidney Disease Improving Global 
Health category > G2;

 19. Safety laboratory abnormalities at Screening that 
were clinically significant as determined by the 
Investigator;

 20. Weight loss > 5% within 3 months before 
randomization;

 21. Current abuse of alcohol or illicit drugs, or history 
of alcohol or illicit drug abuse within the preceding 
2 years, as determined by the Investigator. History 
of excess alcohol intake as defined as ≥21 units of 
alcohol per week in males and ≥14 units of alcohol 
per week in females for 2 years before enrollment (a 
“unit” of alcohol is equivalent to 12 oz. of beer, 4 oz. 
of wine, or a 1- oz. shot of hard liquor);

 22. A positive urine drug screen for drugs with a high 
potential for abuse (amphetamines, cannabinoids, 
opiates, cocaine, benzodiazepine) or alcohol test 
at Screening or Day −1. For benzodiazepines only: 
Positive results were accepted if due to an approved 
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prescription. For cannabinoids, opiates, and co-
caine: On a case- by- case basis, positive results 
were evaluated by the Sponsor and Medical Monitor 
to determine the subject's eligibility to safely be in-
cluded in the study;

 23. Significant medical or psychiatric illness that would 
have interfered with compliance and ability to toler-
ate treatment as outlined in the protocol;

 24. Subjects who could not be contacted in case of 
emergency;

 25. Judgment by the Investigator that the subject should 
not participate in the study if the subject was unlikely 
to comply with all study procedures and treatment;

 26. Received an investigational drug or investigational 
vaccine or used an investigational medical device 
within 30 days before the first dose of study drug;

 27. Subjects who had used any drugs or substances 
known to be strong inhibitors or inducers of cy-
tochrome P450 3A4/5 and drugs whose major 
elimination pathway is the bile salt export pump or 
organic anion transporter 3 (OAT3), and drugs that 
are major substrates of the hepatic uptake trans-
porters, OATP1B1 and OATP1B3, within 30 days 
before the first dose of study drug; and

 28. Subjects with a history of organ transplantation (cor-
neal transplantation was allowed).
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