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Bexotegrast treatment was well tolerated in participants with PSC and evidence of liver fibrosis for up to 40 weeks
of treatment with numerically less progression observed in exploratory pharmacodynamic markers.
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Highlights

• This phase II study evaluated bexotegrast, an oral αvβ1 and
αvβ6 integrin inhibitor, for primary sclerosing cholangitis.

• Bexotegrast had a favorable safety and tolerability profile
over 40 weeks.

• Adverse events of cholangitis and pruritus were observed
less frequently with bexotegrast than with placebo.

• Less progression was observed for liver fibrosis biomarkers
at Week 12 with bexotegrast vs. placebo.

• MRI parameters of liver fibrosis trended in a positive di-
rection through Week 24 with bexotegrast treatment.

Impact and implications

Primary sclerosing cholangitis (PSC) is a rare cholestatic dis-
ease of unknown etiology. Currently, there is an unmet medical
need for safe and effective therapies capable of halting or
reversing progression of PSC. In this phase II study in partic-
ipants with PSC and suspected liver fibrosis, bexotegrast, an
oral, once-daily, dual selective inhibitor of αvβ6 and αvβ1
integrins, had a favorable safety and tolerability profile. This
study supports targeting integrin-mediated transforming
growth factor-β activation as a potential therapeutic approach
for PSC.
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Background & Aims: Transforming growth factor-β signaling activated by αvβ6 and αvβ1 integrins drives liver fibrosis in primary 
sclerosing cholangitis (PSC). The aim of this study was to investigate the safety and exploratory pharmacodynamics of bex
otegrast (PLN-74809), an oral, once-daily inhibitor of αvβ6 and αvβ1 integrins, in participants with PSC and liver fibrosis.

Methods: In this phase II, double-blind, dose-ranging study, 117 participants with PSC were randomized 3:1 to receive once- 
daily oral bexotegrast or placebo in three cohorts: 40 mg or placebo for 12 weeks (part 1); 80 mg, 160 mg, or placebo for 12 
weeks (part 2); and 320 mg or placebo for up to 40 weeks (part 3). The primary endpoint was the incidence of treatment- 
emergent adverse events (TEAEs). Exploratory pharmacodynamic endpoints included changes in alkaline phosphatase 
values, enhanced liver fibrosis (ELF) scores, neoepitope-specific N-terminal pro-peptide of type III collagen (PRO-C3) levels, liver 
stiffness measurements, gadoxetate-enhanced MRI measures, and the Itch Numeric Rating Scale.

Results: A total of 117 participants received bexotegrast (40 mg [n = 22], 80 mg [n = 21], 160 mg [n = 21], 320 mg [n = 27]) or 
placebo (n = 30). Bexotegrast was well tolerated, with similar rates of TEAEs in the pooled bexotegrast and placebo groups 
(72.7% and 70.0%). TEAEs were mild to moderate, and no serious TEAEs related to study drug were observed. Numerically less 
pharmacodynamic progression was observed with bexotegrast in ELF score, PRO-C3, and MRI assessments at Week 12 
compared with placebo. Pharmacodynamic results at Week 24 showed limited change from Week 12 except in MRI parameters 
which continued to improve.

Conclusions: Bexotegrast was well tolerated for up to 40 weeks in participants with PSC and liver fibrosis and was associated 
with numerically less progression in exploratory pharmacodynamic markers.

Trial registration number: NCT04480840.

© 2025 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
Primary sclerosing cholangitis (PSC) is a rare cholestatic dis
ease of unknown etiology characterized by biliary inflammation 
and progressive fibrosis.1–3 PSC onset begins as heteroge
neous biliary fibrosis, which then progresses to parenchymal 
liver fibrosis, typically with a slow and variable disease course, 
especially prior to symptom development.4,5 Over time, biliary 
and parenchymal liver fibrosis from PSC progresses to cirrhosis 
with serious and often fatal liver complications, such as portal 
hypertension, end-stage liver disease, and increased risk of 

malignancy.2,6 Up to 40% of participants with PSC require liver 
transplantation within 13–22 years of diagnosis, and the disease 
recurs in approximately 20–30% of participants within 10 years 
after transplant.3,7–10 The majority of people living with PSC 
have associated inflammatory bowel disease (IBD), commonly 
ulcerative colitis. While PSC is associated with IBD, causal re
lationships remain to be established.11

Transforming growth factor (TGF)-β is involved in multiple 
biological functions, including tissue homeostasis, cell prolif
eration and migration, metabolic adaptation, and immune 
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homeostasis.12 In the liver, TGF-β is involved in homeostasis of 
epithelial cells and stromal compartments, as well as liver 
development and regeneration.13,14 However, TGF-β signaling 
activated by αv integrins is a key driver of fibrosis in the liver.15

αvβ6 integrin expression is increased on injured chol
angiocytes, and αvβ1 integrin is expressed on hepatic stellate 
cells and fibroblasts.16,17 In preclinical models of biliary and 
parenchymal fibrosis, loss of or inhibition of αvβ6 or αvβ1 

integrins resulted in reduced fibrosis.16–18 As systemic inhibi
tion of TGF-β signaling carries safety concerns, a TGF-β– 
based therapy providing localized inhibition of TGF-β at the 
site of fibrosis is preferred.19–22

Bexotegrast is an oral, once-daily, dual selective inhibitor of 
αvβ6 and αvβ1 integrins currently in development for the treat
ment of PSC and has been evaluated in clinical trials for idio
pathic pulmonary fibrosis and progressive pulmonary fibrosis. 
Bexotegrast inhibits the activation of TGF-β at sites of fibrosis 
by blocking locally upregulated αvβ6 or αvβ1 integrins.23 The 
mechanism of action of bexotegrast is predicted to directly 
prevent new fibrosis by reducing TGF-β signaling and therefore 
the downstream expression of profibrotic genes, such as 
collagen type 1 alpha 1, the main component of fibrotic scar. 
Because the extracellular matrix is constantly turning over – 
with new matrix being deposited while existing matrix is 
degraded – bexotegrast is expected, over time, to reduce 
existing fibrosis by decreasing matrix deposition.

In phase II studies in participants with the αvβ6 or αvβ1 

integrin-mediated fibrotic lung disease, idiopathic pulmonary 
fibrosis, bexotegrast was shown to be well tolerated for up to 40 
weeks of treatment. It improved lung function and demon
strated antifibrotic effects compared with placebo,24 with de
creases in collagen deposition from baseline and potentially 
beneficial architectural changes in the lung as determined by 
dual PET/MRI.25

The objective of the INTEGRIS-PSC study (NCT04480840) 
was to assess the safety and tolerability of bexotegrast in 
participants with PSC and liver fibrosis. Liver stiffness mea
surement (LSM), circulating biomarkers, cholestatic markers, 
MRI parameters, and pruritus severity were also assessed.

Patients and methods

Study population

INTEGRIS-PSC was a phase II, randomized, double-blind, 
dose-ranging, placebo-controlled, parallel-group evaluation of 
bexotegrast in participants with PSC and suspected liver 
fibrosis (supplementary CTAT table). Adult participants (aged 
18-75 years, inclusive) with confirmed large-duct PSC based on 
an abnormal cholangiogram by MRI, endoscopic retrograde 
cholangiopancreaticography, and/or percutaneous transhepatic 
cholangiography were included. Additional inclusion criteria 
were stable IBD, if present, and serum alkaline phosphatase 
(ALP) concentration of <−10× the upper limit of normal (ULN). The 
study was initially conducted with an ALP eligibility criterion of 
>1.5× ULN to <−10× ULN, which was later amended to include 
participants with ALP levels from the normal range up to <−10× 
ULN. The study was enriched for liver fibrosis, as evidenced by 
>−1 of the following: LSM by vibration-controlled transient elas
tography (VCTE; FibroScan® value [Echosens; Paris, France] of 
8-14.4 kPa, inclusive); enhanced liver fibrosis (ELF) score of 
>−7.7; magnetic resonance elastography value between 2.4 and 

4.9 kPa, inclusive; or previous biopsy confirming liver fibrosis 
without cirrhosis. Acute cholangitis was assessed by the study’s 
principal investigators and reported as an adverse event.

Key exclusion criteria included other causes of liver dis
ease, such as secondary sclerosing cholangitis or viral, 
metabolic dysfunction–associated, or alcohol-related liver 
disease (as assessed clinically); evidence of cirrhosis; known 
or suspected overlapping diagnosis of autoimmune hepatitis; 
worsening liver chemistry during screening; a medical history 
of or current cholangiocarcinoma, other hepatobiliary malig
nancy, colorectal cancer, or other abdominal malignancy; and 
small-duct PSC without evidence of large-duct involvement.

Concomitant treatment with ursodeoxycholic acid (UDCA) 
<25 mg/kg/day was permitted, provided it was stable for at 
least 3 months before screening with the intent to remain 
stable throughout the study. Concomitant medications for the 
treatment of IBD were also allowed, provided that therapy was 
stable at screening. Escalation of permitted concomitant IBD 
treatment was allowed during the study, if necessary.

Study design

The study was conducted using an ascending-dose cohort 
approach, with participants in each cohort randomized 3:1 to 
receive once-daily bexotegrast or placebo (40 mg or placebo 
for 12 weeks [part 1]; 80 mg or 160 mg or placebo for 12 weeks 
[part 2]; 320 mg or placebo for >24 weeks and <−48 weeks [part 
3]); pooling of participants in the placebo group following 
completion of all dosing cohorts was planned a priori (Fig. 1). 
The study was conducted in three parts (40 mg; 80 mg and 
160 mg; and 320 mg) with an independent data and safety 
monitoring board review of safety findings. In the 320-mg 
cohort, once the last participant reached Week 24, all partici
pants remaining in the study proceeded to their next sched
uled clinic visit and completed the study. Due to the rapid 
enrollment of the 320-mg cohort, the longest treatment dura
tion was 40 weeks. Randomization was stratified according to 
whether participants were receiving UDCA (yes/no) at baseline. 
Participants, investigators, and those involved in the trial 
conduct were blinded to the trial treatment assignments.

This study was conducted in accordance with the study 
protocol, the Declaration of Helsinki, and International Council 
on Harmonization Good Clinical Practice regulations. The 
study was approved by local institutional review boards, and 
all participants provided written informed consent.

Study assessments

The primary endpoint was the incidence of treatment-emergent 
adverse events (TEAEs) and secondary safety endpoints were 
clinical laboratory tests, including hematology, serum chemistry, 
coagulation, and urinalysis, electrocardiograms and vital signs 
measurements. The secondary pharmacokinetic endpoints are 
plasma bexotegrast concentrations (total and unbound con
centrations) at each sampling time point. Exploratory pharma
codynamic endpoints included changes from baseline to Weeks 
12 and 24 in the following: liver chemistry, including ALP, 
gamma-glutamyltransferase (GGT), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and total bilirubin; the 
liver fibrosis biomarkers ELF, and neoepitope-specific N-ter
minal pro-peptide of type III collagen (PRO-C3) as measured 
using an ELISA (Roche Elecsys Cobas®); MRI parameters, 
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including gadoxetate contrast relative enhancement and 
gadoxetate time of arrival to the common bile duct; and patient- 
reported outcomes, including the Itch Numeric Rating Scale 
(NRS, defined as severity of itch over the last 24 h on a scale of 
0 [no itch] to 10 [worst imaginable itching]).26 MRI assessments 
were conducted in a voluntary substudy at investigational sites 
able to perform these scans. Using the magnetic resonance 
contrast agent gadoxetate, relative enhancement of the liver 
was used to determine hepatocyte function, and time of arrival 
of gadoxetate to the common bile duct was measured to 
determine hepatobiliary excretory function.27,28 Biliary stricture 
burden was assessed qualitatively and centrally by a single 
radiologist blinded to treatment assignment. An additional 
endpoint was LSM as measured by VCTE (FibroScan®).

Statistical analysis

As this was a proof-of-concept (POC) study, the sample size 
(n = 21 per treatment group) was determined based on the 
historical precedent of phase IIa PSC POC trials,29,30 and 
empirically to allow for an initial characterization of the safety 
and tolerability of bexotegrast and provide data to support 
potential POC studies using a range of exploratory pharma
codynamic markers. No power calculations were conducted 
for the exploratory pharmacodynamic markers. Descriptive 
statistics, including means and SD or SE and 95% CIs, were 
provided for the summary of observed change from baseline.

All participants who received >−1 dose of bexotegrast or 
placebo were included in the safety population, which was the 
primary population for both safety and exploratory pharma
codynamic summaries. Safety data, based on TEAEs, are 
presented by treatment group and included events occurring 
during bexotegrast treatment through a 4-week follow-up 
period. No imputation of missing data was performed.

Results

Study participants

A total of 201 participants underwent screening, of whom 117 
met the eligibility criteria and were randomized to receive once- 

daily, oral bexotegrast 40 mg (n = 22), 80 mg (n = 21), 160 mg 
(n = 21), or 320 mg (n = 27) or placebo (n = 30) (Fig. 2). Of the 112 
participants who failed screening, most (102 [91.1%]) did not 
meet inclusion/exclusion criteria, primarily due to the presence of 
liver cirrhosis, not meeting suspected liver fibrosis criteria, 
worsening of liver disease, or ALP levels <−1.5× ULN (criterion 
removed before enrollment in the bexotegrast 80-mg and 160- 
mg cohorts). Four participants were each enrolled in two sepa
rate cohorts with a minimum washout period of 6 months be
tween completion of treatment in the first cohort and screening in 
the second cohort. Of these participants, three were randomized 
to two bexotegrast doses and one was randomized to bexote
grast and to placebo. For safety reporting, these participants are 
counted independently in each individual treatment group but 
only once in the overall bexotegrast group if they repeated bex
otegrast doses. For exploratory pharmacodynamics, these 
repeat bexotegrast participants are counted in each individual 
treatment group and twice in the overall bexotegrast group given 
the new baseline for the second treatment group.

Participant disease characteristics at baseline were gener
ally similar between treatment groups (Table 1). The mean age 
was 45 years in both groups, with a similar time since PSC 
diagnosis (approximately 9 years). The majority of participants 
in each treatment group (range, 58-75%) received concomitant 
UDCA. Concomitant IBD was present in 61.4% and 56.7% of 
participants in the overall bexotegrast and placebo groups, 
respectively, with those participants receiving concomitant 
medications including IBD treatments such as stable doses of 
corticosteroids and biologics (Table S1). The proportion of 
men was higher in the placebo group than in the overall bex
otegrast group (80.0% vs. 65.9%, respectively). Liver chem
istry parameters were similar in the overall bexotegrast and 
placebo groups, although heterogeneity was found for some 
parameters across the bexotegrast dose groups. Briefly, 
amending the lower limit of the ALP eligibility criterion from 
>1.5× ULN to normal during the conduct of the trial explains 
the higher baseline ALP in the 40-mg cohort, which was the 
first to enroll. The overall bexotegrast and placebo groups had 
similar baseline ELF scores (9.3 in both groups, respectively) 
and LSMs (9.0 and 8.6 kPa). None of the participants had high 
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Fig. 1. INTEGRIS-PSC study design. * *Due to trial design and enrollment trajectory, the longest treatment duration was 40 weeks. R, randomization; UDCA, 
ursodeoxycholic acid.
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grade biliary strictures (i.e. dominant), as required for study 
eligibility (Table S2). The majority of participants in each of the 
groups had minimal-to-moderate strictures with one partici
pant in the bexotegrast 80 mg, 320 mg and placebo groups 
having moderate-to-severe strictures. Baseline itch NRS 
scores were low (1.5 and 1.0 out of 10 in the overall bexote
grast and placebo groups, respectively).

Safety

All bexotegrast doses were well tolerated, with similar rates of 
TEAEs in the overall bexotegrast and placebo groups up to 40 
weeks (72.7% and 70.0%, respectively; Table S3). All TEAEs 
were mild to moderate in severity, and all TEAEs leading to 
early termination of treatment (four in bexotegrast and two in 
placebo; Fig. 2) were deemed not related to study drug by the 
principal investigators. The most common TEAEs in partici
pants receiving bexotegrast were fatigue, pruritus, headache, 
and COVID-19, all reported at lower proportions and rates 
compared with the placebo group; and nasopharyngitis and 
nausea, reported at higher proportions and rates compared 
with the placebo group (Tables 2 and S3). Events of pruritus 
were more common in the placebo group (7/30 [23.3%]) 
compared with the overall bexotegrast group (12/88 [13.6%]) 
up to Week 40. No serious TEAEs related to the study drug 
were reported, and no deaths occurred up to 40 weeks of 
treatment (Tables 2 and S3). When stratified by UDCA use, 
TEAEs reported in bexotegrast-treated participants were 
comparable between those who did and did not receive 

concomitant UDCA and included pruritus, fatigue, COVID-19, 
and gastrointestinal events (Tables S4 and S5).

No notable changes in physical examination findings, vital 
signs, electrocardiograms, or laboratory test parameters 
occurred, except for liver biochemistry changes described 
below, in either placebo or bexotegrast groups up to 40 weeks 
of treatment.

Participants in the overall bexotegrast group had fewer 
TEAEs classified as hepatobiliary disorders up to Week 12 
compared with those receiving placebo (5/91 [5.5%] vs. 5/30 
[16.7%], respectively) (Table 2). The difference in hepatobiliary 
events was driven by differences in cholangitis events (3/91 
[3.3%] and 4/30 [13.3%]) and jaundice/ocular icterus events (0 
and 4/30 [13.3%]) in the overall bexotegrast and placebo 
treatment groups, respectively.

TEAEs after Week 12 and up to Week 40 were similar be
tween the bexotegrast 320 mg- and placebo-treated partici
pants (59.3% and 55.6%, respectively; Table 2) with no 
notable differences. One participant (3.7%) in the bexotegrast 
320-mg group experienced cholangitis compared with one 
participant (11.1%) who received placebo.

For those participants with active IBD, the partial Mayo 
scores at Weeks 12 and 24 were similar to baseline for the 
bexotegrast and placebo groups (Fig. S1).

Pharmacokinetics

Total and unbound bexotegrast plasma concentrations 
showed dose dependency over time (Fig. S2). Mean total and 

Randomized and treated
N = 117

Bexotegrast
n = 88*

Placebo
n = 30

Safety population, n = 88†

Received UDCA, n = 60 (68.2%)
Safety population, n = 30†

Received UDCA, n = 19 (63.3%)

Screening failures
n = 12 (55.7%)

• Not meeting inclusion/exclusion criteria,
  n = 102 (91.1%)
• Withdrawal of consent, n = 6 (5.4%) 
• AE, n = 3 (2.7%) 
• Other, n = 1 [0.9%]

Discontinued treatment
n = 8 (9.1%)

• AE (n = 4)
 Bexotegrast 40 mg, n = 1: COVID-19
 Bexotegrast 80 mg, n = 1: liver enzyme
   increased
 Bexotegrast 160 mg, n = 1: fatigue
 Bexotegrast 320 mg, n = 1: autoimmune
   hepatitis‡

• Withdrawal of consent (n = 2)
• Protocol deviation (n = 1)
• Other (n = 1)

Discontinued treatment
n = 2 (6.7%)

• AE (n = 2)
 Placebo, n = 1: dyspnea, malaise, cardiomegaly
 Placebo, n = 1: headache

Screened
n = 201

Fig. 2. Participant disposition. *Three participants who were randomized to receive bexotegrast were subsequently re-randomized following a minimum washout 
period of 6 months and successful re-screening to receive bexotegrast 320 mg for up to 48 weeks; one was re-randomized to placebo. †Safety population was used 
for analysis of both safety and exploratory pharmacodynamics. AE, adverse event; UDCA, ursodeoxycholic acid.
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Table 1. Baseline demographics and disease characteristics (safety population).

Characteristic Bexotegrast 
40 mg (n = 24)*

Bexotegrast 
80 mg (n = 20)*

Bexotegrast 
160 mg (n = 20)*

Bexotegrast 
320 mg (n = 27)

Overall bexotegrast (n = 88) Placebo (n = 30)

Male, n (%) 17 (70.8) 16 (80.0) 14 (70.0) 13 (48.1) 58 (64.9) 24 (80.0)
Age, mean (SD), years 46.9 (15.1) 40.5 (15.3) 45.1 (12.7) 47.1 (14.5) 44.9 (14.6) 45.2 (11.7)
Race, n (%)

White 20 (83.3) 16 (80.0) 18 (90.0) 26 (96.3) 77 (87.5) 25 (83.3)
Black 2 (8.3) 2 (10.0) 1 (5.0) 0 5 (5.7) 2 (6.7)
Asian 2 (8.3) 1 (5.0) 1 (5.0) 1 (3.7) 5 (5.7) 1 (3.3)
Other/not reported/unknown 0 1 (5.0) 0 0 1 (1.1) 2 (6.7)

Time since PSC diagnosis, mean (SD), years 11.1 (8.2) 8.3 (8.0) 7.8 (6.8) 9.4 (11.2) 9.1 (8.7) 9.0 (7.3)
Concomitant UDCA use, n (%) 14 (58.3) 15 (75.0) 13 (65.0) 18 (66.7) 60 (68.2) 19 (63.3)
IBD, n (%) 18 (75.0) 12 (60.0) 11 (55.0) 13 (48.1) 54 (61.4) 17 (56.7)

Ulcerative colitis 11 (45.8) 6 (30.0) 7 (35.0) 6 (22.2) 30 (34.1) 10 (33.3)
Crohn’s disease 6 (25.0) 4 (20.0) 2 (10.0) 8 (29.6) 20 (22.7) 6 (20.0)
IBD other 3 (12.5) 2 (10.0) 2 (10.0) 0 7 (8.0) 1 (3.3)

ALP, mean, (SD), U/L† 315.1 (140.3) 199.2 (81.0) 273.8 (165.6) 190.6 (91.3) 243.6 (132.1) 277.4 (215.9)
ALT, mean (SD), U/L 91.5 (62.1) 67.6 (63.2) 98.4 (73.1) 60.4 (37.8) 78.5 (60.2) 73.1 (59.8)
AST, mean (SD), U/L 67.2 (49.3) 46.4 (30.1) 69.0 (39.6) 44.6 (24.7) 56.3 (38.1) 51.6 (37.1)
Total bilirubin, mean (SD), mg/dl 0.7 (0.3) 0.8 (0.5) 0.9 (0.4) 0.5 (0.2) 0.7 (0.4) 0.8 (0.4)
Direct bilirubin, mean (SD), mg/dl 0.3 (0.2) 0.3 (0.2) 0.3 (0.2) 0.2 (0.1) 0.2 (0.2) 0.3 (0.2)
ELF score, mean (SD) 9.6 (0.8) 9.2 (1.0) 9.4 (0.8) 9.0 (0.8) 9.3 (0.9) 9.3 (1.0)
Transient elastography, mean (SD), kPa 10.1 (2.6) 9.1 (3.0) 8.2 (3.2) 8.7 (3.1) 9.0 (3.0) 8.6 (2.8)
Partial Mayo score, mean (SD) [n]‡ 0.6 (1.0) [18] 1.5 (2.5) [12] 0.9 (1.2) [11] 0.8 (1.2) [13] 0.9 (1.5) [54] 0.5 (1.4) [15]
Itch NRS score, mean (SD) 1.8 (2.5) 2.1 (2.6) 1.4 (1.5) 0.9 (1.8) 1.5 (2.2) 1.0 (1.4)

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELF, enhanced liver fibrosis; IBD, inflammatory bowel disease; NRS, numerical rating scale; PSC, primary sclerosing cholangitis; UDCA, 
ursodeoxycholic acid; ULN, upper limit of normal.
*Two participants (80 mg and 160 mg) received a dose of �40 mg/day due to site errors and were grouped with the 40-mg group for all summaries.
†The study was initiated with an inclusion criterion of ALP >1.5× ULN for the 40-mg cohort; this was later removed.
‡Partial Mayo score only reported for those participants with active IBD at baseline.
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unbound bexotegrast plasma concentrations increased (2 h 
post-dose) following dosing on Day 1, and Weeks 4, 
12, and 24.

Liver biochemistry

All doses of bexotegrast maintained ALP at near baseline 
levels whereas ALP increased in placebo-treated participants 
through Week 12 (Fig. 3). Bexotegrast 320 mg lowered ALP 
values from baseline to Week 24 vs. an increase with placebo 
(−26.1 U/L, [95% CI −54.2 to 2.0] vs. 34.4 U/L, [−9.0 to 77]) 
(Fig. 3). There was no consistent trend in ALP when comparing 
bexotegrast groups based on baseline UDCA use (Fig. S3); for 
placebo there was an increase in ALP at Week 12 in partici
pants not receiving UDCA while those receiving UDCA had 
minimal change. Additionally, there was no difference in ALP 
across bexotegrast doses among participants with or 
without IBD.

The changes observed in ALP were mirrored in GGT and 
bilirubin (Fig. S4). No notable changes from baseline in ALT 
and AST levels were observed in either the bexotegrast or 
placebo treatment groups. One participant had confirmed liver 
biochemistry abnormalities at two consecutive study visits in 
each of the bexotegrast 40 mg, bexotegrast 320 mg, and 
placebo groups; these three participants had either baseline 
ALT or AST >−1.5× ULN or baseline ALP > ULN.

Liver fibrosis markers

At Week 4, ELF was unchanged from baseline for bexotegrast 
80 mg, 160 mg and 320 mg compared with placebo which 
increased. All doses of bexotegrast resulted in numerically 
smaller increases in mean ELF scores at Week 12 compared 
with placebo (40 mg: 0.16 [95% CI −0.10 to 0.43]; 80 mg: 0.19 
[−0.06 to 0.43]; 160 mg: 0.09 [−0.18 to 0.35]; 320 mg: 0.19 
[−0.05 to 0.43]; placebo: 0.42 [0.13–0.71]) (Fig. 4A). At Week 
12, the 40-mg bexotegrast group had the highest proportion of 
participants with a >−0.5 reduction in ELF score (24%; Fig. 4B). 
At Week 24, a greater proportion of participants receiving 
bexotegrast 320 mg achieved this reduction compared with 
placebo (25% vs. 11%; Fig. 4C). ELF scores in the 320-mg 
group remained stable from Weeks 12 to 24 (Week 24: 0.19 
[−0.13 to 0.51]; Fig. 4D). No consistent trends were observed 
across bexotegrast groups when ELF scores were analyzed by 
baseline UDCA use (Fig. S3); in the placebo group, ELF scores 
increased at Week 12 among participants not receiving UDCA, 
while those on UDCA showed a smaller increase. Similarly, no 
clear differences in ELF scores were seen across bexotegrast 
doses between participants with and without IBD.

Participants receiving bexotegrast also had similar percent 
change in PRO-C3 values, a biomarker of collagen synthesis, 
over time compared with those receiving placebo up to Week 8 
(Fig. S5). The greatest separation in PRO-C3 levels between 
the bexotegrast and placebo groups was observed at Weeks 
12 and 24. Mean percentage changes in the bexotegrast 
groups at Week 12 were 40 mg: −3.78% (95% CI −13.1 to 5.5), 
80 mg: 7.1% (−3.3 to 17.6), 160 mg: 5.2% (−10.1 to 20.6), 
320 mg: 2.7% (−12.2 to 17.6) compared with a 22.4% 
(1.7–43.0) increase in the placebo group. Lower mean per
centage changes in PRO-C3 were observed with bexotegrast 
vs. placebo through Week 24; at this time point, the 320-mg T
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bexotegrast group showed a −12.7% change (−24.2 to −1.3) 
compared with −1.4% (−29.7 to 27.0) in the placebo group.

LSM as assessed by VCTE was variable with all doses of 
bexotegrast through Week 12 (Fig. 5); however, median (IQR) 
liver stiffness remained unchanged over 24 weeks in partici
pants receiving bexotegrast 320 mg whereas it increased with 
placebo (0 [−1.5 to 1.6] vs. 1.5 [−0.40 to 2.30]). No differences 
were observed in LSM between those who did or did not 
receive UDCA (Fig. S3), or between those with or without IBD.

MRI assessments

Whole-liver MRI read centrally was an optional substudy. MRI 
data were collected at baseline and at least once post baseline 
for a subset of participants who received bexotegrast (40 mg 
[n = 13], 80 mg [n = 7], 160 mg [n = 10], and 320 mg [n = 10]) or 
placebo (n = 13). All doses of bexotegrast resulted in improved 
relative liver enhancement of the gadoxetate contrast agent 

(reflecting hepatocellular uptake 18 min after injection) at Week 
12, as indicated by increases in mean change from baseline in 
relative enhancement (40 mg: 3.4 [95% CI −1.8 to 8.6], 80 mg: 
1.1 [−6.1 to 8.3], 160 mg: 2.1 [−3.0 to 7.2], 320 mg: 0.8 [−6.9 to 
8.5]); in contrast, mean change from baseline in relative 
enhancement was −9.8% (−21.33 to 1.73) in the placebo group 
(Fig. 6A). Comparing baseline and Week 12 MRI scans, the 
mean time of arrival of gadoxetate in the common bile duct 
decreased compared with baseline (i.e. improved) in partici
pants treated with bexotegrast 160 and 320 mg while it 
increased (i.e. worsened) in placebo-treated participants 
(Fig. 6B). Liver volume was lower in all bexotegrast groups vs. 
placebo at Week 12 as determined by MRI (Fig. 6C). MRI of the 
liver at Week 24 indicated continued improvement relative to 
Week 12, with bexotegrast 320 mg increasing relative 
enhancement from 0.8% (95% CI −6.9 to 8.5) at Week 12 to 
4.0% (−4.2 to 12.2) at Week 24. Change from baseline in time 
of arrival in the common bile duct improved from −22.2 (−143.7 
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to 99.3) seconds at Week 12 to −113.5 (−280.1 to 53.1) sec
onds at Week 24, and liver volume decreased from −5.8 (−52.8 
to 41.1) ml at Week 12 to −56.5 (−148.5 to 35.4) ml at Week 24 
(Fig. 6). Only two participants in the placebo group had Week 
24 MRI scans (data not shown).

Comparison of MRI parameters by UDCA use is 
confounded by the small samples sizes which ranged from two 
to eight across treatment groups at Week 12 and 1 to 
4 at Week 24, though no consistent trend between those who 
did or did not receive UDCA was observed (Fig. S3).

Pruritus

Pruritus, as measured by the self-reported itch NRS scores, 
was unchanged with bexotegrast (Fig. S6). With bexotegrast 
doses of 80, 160, and 320 mg, itch NRS scores were un
changed from baseline to Week 12; small numerical increases 
were observed in the bexotegrast 40 mg and placebo groups. 
This response was observed through Week 24, with partici
pants receiving bexotegrast 320 mg having unchanged scores 
whereas the placebo group had a small numerical increase 
(mean change from baseline: −0.04 vs. 1.0, respectively).
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Discussion
There is an unmet medical need for a well-tolerated treatment 
capable of halting and reversing liver fibrosis in people with 
PSC. No therapies are approved for PSC, and the most 
frequently used, UDCA, has not been demonstrated to halt 
disease progression and is associated with potential safety 
concerns at high doses.31–33 Additionally, the recent phase III 
PRIMIS trial investigating a non-steroidal farnesoid X receptor 
agonist in participants with PSC was terminated after an 
interim analysis due to lack of efficacy based on liver histol
ogy (NCT03890120).34

Bexotegrast exhibited a favorable safety and tolerability 
profile compared with placebo up to 40 weeks in participants 
with PSC and suspected liver fibrosis (a plain language info
graphic is provided in the supplementary information). The 
most common TEAEs observed with bexotegrast and with a 
higher incidence than placebo were nausea and nasophar
yngitis. In addition to showing no notable safety concerns, 
bexotegrast treatment was associated with fewer TEAEs of 
cholangitis compared with placebo. TEAEs of pruritus were 
lower overall in the bexotegrast group vs. placebo. Itch NRS, 
which has a 24-hour recall period, was unchanged from 
baseline at Weeks 12 and 24 for bexotegrast-treated groups.

The need for non-invasive assessments of liver fibrosis and 
response to therapy is heightened in a heterogeneous disease 
such as PSC, where variability in liver biopsy results and 
fluctuations in liver chemistry complicate the assessment of 
risk and therapeutic response,35,36 especially in the context of 
a phase II study with relatively short-term exploratory phar
macodynamic outcomes at Weeks 12 and 24. Given these 
considerations, validated non-invasive surrogates for fibrosis- 
related clinical events are needed as intermediary endpoints 
in PSC clinical trials. ELF has emerged as an important 
biomarker of liver fibrosis with prognostic value in PSC37,38

and consists of a set of serum biomarkers of the extracellular 
matrix (ECM), including tissue inhibitor of metalloproteinases 1, 
amino-terminal pro-peptide of type III procollagen, and hyal
uronic acid.39 In a study of ELF serum levels in 534 participants 
with PSC, ELF levels could predict clinical outcomes, including 
transplant-free survival; ELF levels were higher in participants 

who reached a combined clinical outcome of liver transplant or 
death.38 Consistent with these results, a recent interventional 
study evaluating predictors of fibrotic progression in response 
to treatment with the LOXL2-binding immunomodulator sim
tuzumab found that both higher baseline ELF values and 
increasing ELF score were predictive of fibrotic progression 
and onset of cirrhosis.40 In a study of the engineered FGF19 
analog NGM282 in participants with PSC, ELF and PRO-C3 
were reduced at Week 12, although no changes in ALP were 
observed.29 In the current study at Week 12, participants 
receiving bexotegrast had ELF scores with smaller numerical 
increases compared with the placebo group. This may be due 
to bexotegrast affecting the TGF-β–dependent formation of 
ECM proteins in the fibrotic liver.41 Similar to the ELF results, 
PRO-C3 – an N-terminal pro-peptide of type III collagen that is 
cleaved and subsequently released into the ECM and blood 
during fibrillar assembly42 and is under investigation as a 
pharmacodynamic biomarker for PSC – showed a numerically 
lower percentage change at Week 12 compared 
with placebo.29,36,43

The pattern of ELF test results in the current study is sup
ported by results for change in liver stiffness. Liver stiffness is a 
marker of liver fibrosis that increases over time in people with 
PSC, and measurement of liver stiffness by VCTE can be used 
to predict the severity and progression of liver fibrosis.44 In 
participants receiving bexotegrast, LSM was variable across 
doses at Week 12, likely due to the short evaluation time, but 
bexotegrast 320 mg LSM remained unchanged over 6 months 
compared with placebo which increased. These results are 
consistent with the inhibition of αvβ6 and αvβ1 integrins, with 
bexotegrast attenuating TGF-β–dependent differentiation of 
myofibroblasts and the subsequent secretion and accumula
tion of ECM proteins characteristic of fibrosis.41

In the current study, improved hepatobiliary excretion of 
gadoxetate with bexotegrast was observed with MRI, most 
notably from baseline to Week 24 at the 320-mg dose. 
Improved cholestasis as measured by MRI could corroborate 
the lack of changes in liver stiffness by bexotegrast as 
assessed by VCTE. Improved hepatobiliary excretion could 
also contribute to reduced liver stiffness as measured by VCTE 
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Fig. 6. Mean change in MRI liver parameters. Mean change in (A) gadoxetate relative enhancement, (B) time to arrival of gadoxetate in the common bile duct, and 
(C) liver volume from baseline to Weeks 12 and 24 (safety population). Only the 320 mg cohort and placebo participants continued post Week 12. Relative 
enhancement using the contrast agent gadoxetate is a measure of hepatocyte function. Time of arrival of gadoxetate to bile duct is a measure of excretory function. 
MRI was an optional substudy. †Placebo at Week 24 not shown due to small n value. BEXO, bexotegrast.
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since cholestasis may have a major impact on liver stiffness in 
PSC.44 ALP was reduced in participants receiving bexotegrast 
but increased in those receiving placebo. This difference, albeit 
mild, was corroborated by changes in GGT and suggests that 
bexotegrast may impact liver biochemistry. Participants 
receiving bexotegrast also had fewer TEAEs of cholangitis 
compared with participants receiving placebo.

The scope of this POC study reflects the effort required and 
challenges faced in therapeutic development for PSC, including 
the need for early dose-ranging across multiple potential 
pharmacodynamic endpoints, given the lack of clarity on an 
acceptable endpoint that would meet regulatory standards for 
approval. Nevertheless, this study has several limitations. As all 
pharmacodynamic endpoints were deemed exploratory with no 
formal power calculations, the results of this study are limited to 
POC and hypothesis generation, with longer and larger studies 
required for confirmation. Although trends in bexotegrast 
treatment effect were observed across multiple exploratory 
pharmacodynamic endpoints, no clear dose response was 
observed at Week 12. This could be due to the short treatment 
duration and relatively small sample size in the individual 
treatment groups but suggests that additional dose-finding will 
be required in late-stage studies to determine the optimal dose. 
Only the 320-mg cohort was treated beyond 12 weeks, which 

provides a meaningful evaluation of long-term safety at the 
highest planned dose in the bexotegrast program but does not 
assist in dose selection. Although bexotegrast was shown here 
to stabilize ALP and symptoms associated with cholestasis 
compared with placebo, whether these data show clinically 
significant improvement vs. baseline or a slowing of disease 
progression remains unanswered. Several participants in the 
placebo group had events of cholangitis proximal to the Week 
12 visit, which may have worsened the Week 12 results. Only 
participants randomized to 320 mg or placebo in the final 
dosing cohort were observed beyond 12 weeks, limiting 
comparative interpretation of these results. Late-stage evalua
tion is needed to confirm that targeting integrin-mediated TGF- 
β activation is a potential therapeutic approach for PSC.

Bexotegrast demonstrated a favorable safety and tolerability 
profile in a population with PSC and suspected liver fibrosis, with 
no drug-related serious TEAEs observed throughout the study 
and few treatment discontinuations. TEAEs of cholangitis and 
pruritus were observed less frequently with bexotegrast than 
with placebo. ALP and symptoms associated with cholestasis 
remained unchanged with bexotegrast compared with placebo 
where increases were observed. This study supports targeting 
integrin-mediated TGF-β activation as a potential therapeutic 
approach for PSC.
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