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ABSTRACT

Objective This study aimed to evaluate the safety and
tolerability of OP-724, a CREB-binding protein/B3-catenin
inhibitor, in patients with advanced primary biliary cholangitis
(PBC).

Design An open-label, non-randomised, phase 1 trial was
conducted at two hospitals in Japan. Patients with advanced
PBC classified as stage Il or higher according to the Scheuer
classification by liver biopsy between 4 September 2019 and
21 September 2021 were enrolled. Seven patients received
intravenous OP-724 infusions at escalating dosages of 280
and 380 mg/m?/4 hours two times weekly for 12 weeks. The
primary endpoint was the incidence of serious adverse events
(SAEs). The secondary endpoints were the incidence of AES
and the improvement in the modified Histological Activity
Index (mHAI) score.

Results Seven patients (median age, 68 years) were enrolled.
0Of these seven patients, five completed twelve cycles of
treatment, one discontinued prematurely for personal reasons
in the 280 mg/m%4 hours cohort, and one in the 380 mg/
m?/4 hours cohort was withdrawn from the study due to drug-
induced liver injury (grade 2). Consequently, the recommended
dosage was determined to be 280 mg/m?/4 hours. SAEs did
not occur. The most common AEs were abdominal discomfort
(29%) and abnormal hepatic function (43%). OP-724
treatment was associated with histological improvements in
the fibrosis stage (2/5 (40%)) and mHAI score (3/5 (60%)) on
histological analysis.

Conclusion Administration of intravenous OP-724 infusion
at a dosage of 280 mg/m?/4 hours two times weekly for 12
weeks was well tolerated by patients with advanced PBC.
However, further evaluation of antifibrotic effects in patients
with PBC is warranted.

Trial registration number NCT04047160.

INTRODUCTION

Primary biliary cholangitis (formerly termed
primary biliary cirrhosis, PBC) is a chronic
and progressive autoimmune cholestatic

1

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Ursodeoxycholic acid (UDCA) and obeticholic acid
are currently used as therapeutic agents for primary
biliary cholangitis (PBC), an autoimmune cholestatic
liver disease, and have been reported to suppress
liver and bile duct damage and to improve the
prognosis.

= UDCA-refractory PBC may lead to persistent liver
damage, progressive liver fibrosis and cirrhosis. In
advanced PBC, liver failure and related complica-
tions, such as rupture of oesophageal varices, have
become problems and the development of antifi-
brotic therapeutic drugs is desired.

WHAT THIS STUDY ADDS

= 0P-724 selectively inhibits the interaction between
the CREB-binding protein and [-catenin and has
already been confirmed to be safe and tolerated
in patients with cirrhosis due to hepatitis C virus or
hepatitis B virus; in this study, OP-724 was evaluat-
ed in patients with advanced PBC.

= The recommended dosage for patients with ad-
vanced PBC was determined to be 280 mg/
m?/4 hours.

= In the exploratory efficacy study, the liver biopsy
results indicated that several patients exhibited im-
provement in fibrosis after administration.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study revealed that OP-724 has the potential
to be a therapeutic drug for PBC-induced liver cir-
rhosis, which has not been put into practical use
to date. Further investigations are required in the
future.

liver disease of unknown aetiology.! PBC has

a prevalence of 140 cases/ million.? Without

treatment, the disease generally progresses
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to cirrhosis and liver failure over 10-20 years.” Aside
from liver transplantation (LT), it has been thought
that there is currently no effective treatment for PBC."
However, after several years of controversy, there is now
a consensus to accept ursodeoxycholic acid (UDCA) as
the standard therapy. UDCA has been shown to extend
transplantation-free survival, especially when started early
in the course of the disease.”” In a recent study, approx-
imately 30%-40% of patients did not have an optimal
biochemical response to UDCA. These patients exhibited
more rapid disease progression than those with normali-
sation of serum alkaline phosphatase (ALP), aminotrans-
ferases and bilirubin.' > Furthermore, after contradictory
meta-analyses and extensive debates, although UDCA
has been recognised to slow disease progression and
reduce mortality and the need for LT, this effect is more
significant when UDCA is started at the early stages of
the disease and is continued for life.® This fact suggests
that while UDCA is considered the firstline agent for
treatment, it is ineffective in halting the progression of
advanced PBC, which means established fibrosis. Obeti-
cholic acid (OCA) was the second drug to successfully
reduce serum ALP, aminotransferases and bilirubin for
patients with PBC.” ' OCA was conditionally approved
by the US and EU regulatory authorities in 2016 for the
treatment of PBC in patients with incomplete response or
intolerance to UDCA. OCA is a synthetic bile acid deriva-
tive with a high affinity for farnesoid X receptor (FXR), a
nuclear receptor that closely regulates bile acid synthesis
and secretion, and has been shown to mediate anti-
inflammatory and antifibrotic effects.” ' Bezafibrate is
also the third treatment option, after UDCA and OCA, to
have shown clear beneficial effects in large, well-powered,
placebo-controlled trials in PBC."” "> However, antifi-
brotic drugs for liver cirrhosis associated with PBC are yet
to be put into practical use.” 711 Bile acid receptors, such
as FXR (as well as its transporter system) and fibroblast
growth factor 19, are attracting attention as therapeutic
targets for cholestatic liver disease and liver fibrosis.'* '°
Although numerous clinical trials are underway, there is
currently no therapeutic drug that can improve fibrosis
in cirrhosis due to cholestasis." Abnormal Wnt/p-cat-
enin signalling has been reported by several studies to
be involved in liver fibrosis.'® '’ Transforming growth
factor-/Smad3 signalling, a key mediator of abnormal
extracellular matrix production, cross-talks with the
Wnt/B-catenin pathway.'® ' B-catenin recruits the CREB-
binding protein (CBP) or P300 (a homolog of CBP) as
a coactivator to induce target gene transcription, with
CBP and P300 playing distinct roles.*”*' We have recently
shown that PRI-724, a low-molecular-weight compound
that selectively inhibits the interaction between CBP
and B-catenin, exerts antifibrotic effects in liver fibrosis
models.? PRI-724 is highly tolerated, as it does not
inhibit P300/B-catenin sigr1allir1g.20 % Furthermore,
phase 1 or 1/2a clinical trials to date have confirmed that
PRI-724 does not have harmful effects in humans.** *
We have also recently reported that PRI-724 exerts an

antifibrotic effect in cholestatic liver fibrosis models.?

Based on the results of this non-clinical study, we planned
a phase 1 clinical trial to evaluate the safety and tolera-
bility of OP-724 (the new development code name for
PRI-724) as a treatment for patients with advanced PBC.
We also investigated the exploratory efficacy of OP-724
in patients with PBC by histological analysis and serum
fibrosis marker.

In this study, we examined whether CBP/B-cat-
enin inhibitor, OP-724, can be safely administered to
patients with advanced fibrosis, which is an unsolved
and important issue of PBC, and investigated its efficacy
exploratively.

METHODS

Study design and patients

This two-centre, open-label, cohort, phase 1 dosage-
escalation trial sequentially enrolled patients with PBC
who were treated at the Cancer and Infectious Diseases
Center of Tokyo Metropolitan Komagome Hospital
(Tokyo, Japan) and Kyushu University Hospital (Fukuoka,
Japan).

Ohara Pharmaceutical. provided OP-724 (previously
named ‘PRI-724’ but then renamed following the acqui-
sition of the relevant license), along with related safety
information and scientific advice. Eligible participants
included patients aged 20-74 years who were diagnosed
with PBC according to the following criteria: (1) observa-
tion of histologically chronic non-suppurative destructive
cholangitis (CNSDC) and laboratory findings consistent
with PBC (including cholestatic findings such as increases
in ALP and gamma-glutamyl transpeptidase (GGT)
levels), as indicated by the British Society of Gastroenter-
ology/UK-PBC treatment and management guidelines7;
(2) testing positive for anti-mitochondrial antibodies
(AMA) and tissue images consistent with PBC even if
CNSDC was not observed histologically and (3) testing
positive for AMA and PBC being seemingly probable,
considering the clinical presentation and progression if
there was no opportunity to obtain histological findings.
Patients were also deemed to be eligible if there was a
definitive diagnosis of advanced liver fibrosis classified as
stage III or higher according to the Scheuer classifica-
tion?’ by a liver biopsy performed during the screening
period. Patients with current or previous primary liver
cancer (excluding patients who underwent curative liver
cancer resection or radiofrequency ablation at >1year
prior) were not eligible for inclusion.

Procedure

Patients were assigned into two cohorts, for which OP-724
ata dosage of 280 or 380 mg/m?*/4 hours, respectively, was
intravenously administered. OP-724 was administered for
12 cycles, with each cycle consisting of OP-724 adminis-
tration two times a week. A single dose was administered
on day 7 (tolerance: -7 days) prior to the start of adminis-
tration in the first cycle. The starting dose was designated
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as level 2 (280 mg/m?). After confirming tolerability at
level 2, the dose was escalated to level 3 (380 mg/mQ). In
this case, we initially administered 280 mg/ m2/ 4hours
in three patients, which was followed with a second dose
of 380 mg/ m2/ 4hours. However, abnormal hepatic func-
tion was observed in the first patient, prompting discon-
tinuation. Three additional patients were enrolled in the
280 mg/m2/4 hours cohort.

Safety and pharmacokinetic evaluations were
conducted at this dosage level. Blood samples were drawn
before dosing; at 30 min, 1 hour, 2hours and 4hours after
dosing; and at 1 hour, 5hours and 20 hours after admin-
istration. Plasma concentrations of OP-724 and C-82 (an
active metabolite of OP-724) were measured in the blood
samples obtained from the patients during phase 1.
Throughout the study, adverse events (AEs) and clinical
laboratory results were recorded, and AEs were graded
according to the Common Terminology Criteria for
Adverse Events version 4.0. The investigators regularly
assessed safety and tolerability, including the presenta-
tion of serious AEs (SAEs), particularly those associated
with treatment discontinuation.

Liver biopsy samples taken at screening were used to
obtain the baseline data. Samples were also collected
within 2 weeks of the final treatment. Three indepen-
dent central pathologists examined all biopsy slides in a
blinded fashion at baseline and 12 weeks. Two histolog-
ical staging systems were used in this study. The Scheuer
classification was used to determine if liver histology was
stage III or higher to confirm advanced liver fibrosis with
PBC at enrolment, whereas the Knodell scoring system
and Ishak’s modified histological activity index (mHAI)
were used as the histological staging system, as well as to
assess fibrosis. The collagen proportionate area (CPA)
was measured to determine whether the study drug had
an anti-fibrotic effect.

Outcomes

The primary endpoint was the incidence of SAEs (ie,
adverse drug reactions), for which a causal relationship
with the investigational drug could not be ruled out.
Safety was measured by analysing the frequency and
severity of AEs. The secondary endpoint was the determi-
nation of OP-724 pharmacokinetics (PK) in vivo. Plasma
PRI-724 and C-82 concentration-time data were anal-
ysed by non-compartmental methods and included the
maximum drug concentration (C ), the time to G
(T,,), the terminal half-life (¢ /2) and the area under
the curve (AUC). Other secondary endpoints were the
incidence of AEs and the improvement in the mHAI
score, as measured using liver biopsy at 12 weeks. Liver
biopsy specimens were examined for fibrosis by staining
with Masson’s trichrome, H&E and Sirius red. Staging
and grading were conducted based on the mHAI score
to assess treatment efficacy. The Treatment Effect Assess-
ment Committee, which consisted of three liver patholo-
gists, determined the final efficacy of OP-724 using liver
biopsy. In addition, we assessed the change relative to

baseline in liver stiffness measure (LSM) using FibroScan
(Echosens, Waltham, Massachusetts, USA), Child-Pugh
score (CP score) and Model for End-stage Liver Disease
(MELD) score at 12 weeks as the secondary endpoint.

Statistical analyses

Sample size calculation

Here, we set the number of patients to ‘at least 7 patients
to at most 12 patients’. This setting was not based on
statistical evidence. Based on the fact that the number
of patients with PBC in Japan is approximately 22 000,
which is an extremely small number,™ and the number of
patients with PBC treated at Tokyo Metropolitan Koma-
gome Hospital, which was the medical institution at the
start of this clinical trial, it was predicted that registra-
tion was possible within the clinical trial period and we
decided the number of patients to be treated.

Analyses of primary and secondary endpoints

All patients were included in the analyses of OP-724 feasi-
bility, safety and tolerability. All statistical analyses were
descriptive and calculated for each treatment group.
Data are expressed as the mean+SD. Clinical safety and
pharmacokinetic data were included in safety analyses.
There was no further allowance for missing data. In addi-
tion, values outside the permissible range of the evalua-
tion implementation time were treated as missing values
and were not included with other evaluation time data.
PK analyses were conducted in patients with evaluable PK
concentrations using non-compartmental methods with
Microsoft Office Excel and WinNonlin V.6.1 (Pharsight,
St. Louis, Missouri, USA).

We performed prespecified analyses of changes in
LSM, the CP score and the MELD score from baseline to
12 weeks post-treatment. We also performed a prespeci-
fied secondary analysis of change from baseline histolog-
ical scores, which focused on patients with biopsy samples
from baseline and 12 weeks after OP-724 treatment. In
this trial, the number of patients was small, and statis-
tical analysis was considered meaningless and was not
conducted. Seven patients were included in the analyses
of OP-724 concerning its safety, tolerability and antifi-
brotic effect. Data are expressed as mean+SD.

RESULTS

A phase 1 clinical trial was conducted to evaluate the
safety and tolerability of OP-724 in patients with advanced
PBC. A total of 14 patients were screened between 4
September 2019 and 21 September 2021; we followed the
protocol of administering 280 mg/m®/4 hours of OP-724
to six patients and 380 mg/m®/4hours to one patient
(figure 1). Of the remaining six patients, four patients
did not meet the inclusion or exclusion criteria and could
not be registered. One patient declined to participate,
and the others did not register for personal reasons. In
addition, a patient withdrew due to a liver tumour detec-
tion in a screening test after consent was obtained.
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Excluded (n=6)

4 Not meeting inclusion/meeting exclusion criteria (n=4)
4 Declined to participate (n=1)

# Other reason (n=1)

‘ Signed consent for treatment (n=8) ‘

| Ineligible (n=1)
"| ® Meeting exclusion criteria (n=1)

Enroliment (n=7)

v

Level 2 (280 mg/m2/4h)

Allocated to intervention (n=6)

+ Received allocated intervention (n=6)

4 Did not received allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (withdrawal of consent) (n=1)

!

Safety Analysis Set (SAS)
Analysed (n=6)

v

Level 3 (380 mg/m?/4h)

Allocated to intervention (n=1)

# Received allocated intervention (n=1)

4 Did not received allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (Occurrence of AE) (n=1)
SAS

Analysed (n=1)

4 Excluded from analysis (n=0)
Per Protocol Set (PPS)

Analysed (n=5)
# Excluded from analysis (1 drug non-adherence withdrew 5 cycles)(n=1)
*The number of doses is not enough (10/25)

4 Excluded from analysis (n=0)
PPS

Analysed (n=0)
@ Excluded from analysis (1 drug non-adherence withdrew 8 cycles) (n=1)

PK Analysis Set (PAS)
Analysed (n=6)
4 Excluded from analysis (n=0)

Figure 1 Trial profile.

Table 1 summarises the baseline patient characteris-
tics. One patient was included in the 380 mg/m2/4 hours
cohort based on the protocol followed for dosage esca-
lation; however, one patient developed AE (grade 2
abnormal hepatic function), for which a causal relation-
ship could not be ruled out. Consequently, the dosage
level was lowered by one step, and three patients were
added to the 280 mg/m2/4 hours cohort for safety
evaluation.

Out of seven patients who received the study drug, four
were women, with a median age of 68 years (range: 52-73
years). UDCA was administered as a therapeutic drug at
doses of 600mg/day in four patients (4/7 (57%)) and
900 mg/day in three patients (3/7 (43%)). On the other
hand, bezafibrate was administered to two patients (2/7
(29%)). In addition, liver biopsy at baseline revealed that
three and four patients were in stages III and IV, respec-
tively, according to the Scheuer classification (table 1).

With respect to safety, no SAEs were observed; however,
a causal relationship with abnormal hepatic function

*The number of doses is not enough (11/25)
PAS

Analysed (n=1)
4 Excluded from analysis (n=0)

could not be ruled out in the 380 mg/m?/4 hours group.
Therefore, the recommended dosage was determined
to be 280 mg/m2/4hours. In the 280 mg/m2/4hours
group, a slight increase in serum alanine aminotrans-
ferase (ALT) levels was observed in two (33%) out of
six patients. Nonetheless, the serum ALT levels did not
increase in level 2 patients, even with the continuation of
investigational drug administration, showing a downward
trend. In addition, the peak values of serum ALT and
aspartate aminotransferase (AST) levels were 189U/L
and 128 U/L, respectively, in the level 3 patient but were
95U/Land 82 U/L, respectively, in level 2 patients, which
were less than three times the normal values. Based on
these observations, the safety committee deemed this
event to be transient, indicating no issue with safety and
tolerability (table 2).

We measured the C _, AUC using the last concentra-
tion extrapolated based on constant elimination, and
T, .. (table 3 and online supplemental figure 1). Plasma
OP-724 concentration for a single dose reached the C

max
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Table 1 Baseline characteristics
280 mg/m?/4hours 380 mg/m?/4hours All patients
Characteristics (n=6) (n=1) (n=7)
Age (years) 68 (52-73) 70 68 (52-73)
Sex
Female 4 (66.7 %) 0 4 (57.1%)
Race
Asian 6 (100%) 1 (100%) 7 (100%)
White 0
Other 0 0
Treatment
Ursodeoxycholic acid
Use at baseline 6 (100%) 1 (100%) 7 (100%)
Daily dose (mg)
600 3 (50%) 1 (100%) 4 (57%)
900 3 (50%) 0 3 (43%)
Fibrate
Use at baseline 2 (33%) 0 2 (29%)
Laboratory data Upper Limit of Normal
Male Female
Total bilirubin (mg/dL) 15 1.5 0.9 (0.5-3.9) 0.9 0.9 (0.5-3.9)
ALT (U/L) 42 23 30 (17-71) 37 33 (17-71)
AST (U/L) 30 30 40 (23-88) 41 41 (23-88)
ALP (U/L) 322 322 253 (139-948) 297 283 (139-948)
y-GTP (U/L) 64 32 42 (13-210) 57 57 (13-210)
Alb (g/dL) 5.1 5.1 3.6 (2.9-4.2) 4 3.6 (2.9-4.2)
PT (%) 130 130 87 (55-100) 95 90 (55-100)
PLT count (10%L) 348 348 111 (47-181) 89 104 (47-181)
Total cholesterol (mg/dL) 219 219 184 (142-208) 240 201 (142-240)
Fibrosis-related data
Liver stiffness (kPa) 17.0 (6.4-40.3) 27.4 22.3 (6.4-40.3)
Liver histology
Scheuer class
1] 3 (50%) 0 3 (43%)
vV 3 (50%) 1 (100%) 4 (57%)
Ascites—no (%)
None 4 (67%) 1 (100%) 5 (71%)
Mild or moderate 2 (33%) 0 2 (29%)
Severe 0
Oesophageal varices
None 4 (67%) 1 (100%) 5 (71%)
(+) 2 (33%) 0 2 (29%)

Alb, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase ; PLT, Platelet; PT,

Prothrombin time; y-GTP, y-Glutamyl TransPeptidase.

at 0.5—4 hours after initiating administration in all patients
(online supplemental figure 1A). In addition, the T
at level 2 (280 mg/m2/4hours) and level 3 (380 mg/
m*/4hours) were 1.9+1.2hour and 1.0 hour, respectively;

the C was 1850 + 510ng/mL and 3980 ng/mL, respec-
tively; and the AUC,,  was 6420£1910ng-h/mL and
10200ng-h/mL, respectively. At level 2, the half-life was
calculated for four out of six patients; the mean half-life
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Table 2 Adverse events and laboratory abnormalities

(280 mg/m*/4hours) (380 mg/m?/4 hours)
(n=6) (n=1)

Events Grade 1 Grade 2 Grades 3-5 Grade 1 Grade 2 Grades 3-5
Common adverse events

Nasopharyngitis 0 0 0 1 (100%) 0 0
Open angle glaucoma 0 1(17%) 0 0 0 0
Haemorrhage 0 1(17%) 0 0 0 0
Abdominal discomfort 2 (33%) 0 0 0 0 0
Constipation 1(17%) 0 0 0 0 0
Diarrhoea 1(17%) 0 0 0 0 0
Nausea 1(17%) 0 0 0 0 0
Vomiting 1(17%) 0 0 0 0 0
Hepatic function abnormal 1(17%) 1(17%) 0 0 1 (100%) 0
Dermatitis contact 1(17%) 0 0 0 0 0
Dry skin 0 1(17%) 0 0 0 0
Back pain 0 1(17%) 0 0 0 0
Renal impairment 1(17%) 0 0 0 0 0
Fever 1(17%) 0 0 1 (100%) 0 0
Infusion site extravasation 0 1(17%) 0 0 0 0
Tooth fracture 1(17%) 0 0 0 0 0

was calculated as 0.438+0.107 hour. On the other hand,
plasma C-82 concentration for a single dose reached the
C,,.. at L hour or 4hours after initiating administration in
all patients (table 3 and online supplemental figure 1B).
The T, atlevel 2 (280 mg/m2/4 hours) and level 3 (380
mg/m"/4hours) was 2.8+1.3hour and 2hours, respec-
tively; the C_ was 2020 + 390ng/mL and 2370ng/mL,
respectively; and the AUC,,, was 10 700+2400ng-h/mL
and 12600ng-h/mL, respectively (table 3). There was
no difference in these parameters between levels 2 and
3; however, we observed that the C _ and AUC of C-82
increased with increasing doses. Moreover, the halflife

was calculated as 3.51+0.84hour, 3.45hours for each
level.

We analysed paired liver biopsy samples obtained
from five patients before (baseline) and after 12 weeks
of OP-724 administration. Among the five patients with
pathologically analysable samples, three (60%) showed
a decrease in the CPA, three (60%) exhibited a decrease
in the mHAI score, and two (40%) showed a decrease
in the fibrosis stage by 1 or more (table 4). Histological
evaluation of two patients (P101-01 and P101-08) with
decreased CPA by liver biopsy is shown in online supple-
mental figure 2. In both patients, a reduction in septal

Table 3 Pharmacokinetic parameters for OP-724 and C-82 after OP-724 infusion

OP-724 C-82

Dose L. C. AUC . T, () T o C. AUC .. T,,()

(mg/m?/4 hours) (h) (ng/mL) (ng-h/mL) (h) (ng/mL) (ng-h/mL)

280 N 6 6 6 4 6 6 6 6
Mean 1.9 1850 6420 0.438 2.8 2020 10700 3.51
SD 1.2 510 1910 0.107 1.3 390 2400 0.84
CV(%) 63.2 27.6 29.8 24.4 46.4 19.3 22.4 23.9
Min 0.5 1080 3880 0.336 1 1350 7070 2.45
Max 4 2460 9210 0.588 4 2310 13500 4.73
Median 2 2000 6340 0.414 3 2220 11200 3.5

380 N 1 1 1 1 1 1 1 1
Mean 1 3980 10200 0.497 2 2370 12600 3.45

For the calculation of AUC,, . ... BLQ were assumed as Ong/mL.
AUC, area under curve; BLQ, Below the Limit of Quantitation.
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thickness was observed by Masson’s trichrome staining in
the liver parenchyma after OP-724 administration.

We monitored liver function in serum during OP-724
administration and measured ALP, total bilirubin, GGT,
total bile acid and ALT levels. Online supplemental
figure 3A shows the results for these liver function-
related parameters, which changed from baseline and
were measured at 5, 9 and 12 weeks after administration
and at 16 weeks (1 month after the end of administra-
tion). Because UDCA and bezafibrate had already been
taken, the majority of patients had normal ALP and GGT
levels at baseline. However, at least OP-724 administra-
tion did not show a tendency to decrease these parame-
ters. Similar results were obtained for total bilirubin and
ALT levels, but the total bile acid level alone showed a
downward trend, although with no significant difference.

Finally, we also examined the changes in the CP score
and MELD score as secondary endpoints to explore
whether OP-724 improved liver function. We detected
no changes in the mean CP score and MELD score at
12 weeks after PRI-724 administration. Similarly, to
examine the antifibrotic therapeutic effect, liver stiffness
was measured by FibroScan® ** and the Enhanced Liver
Fibrosis score” was determined; no significant change
was observed before and after administration, although
there were some patients who improved after administra-
tion (table 4 and online supplemental table 1).

DISCUSSION
This study was conducted on patients with advanced PBC
to evaluate the feasibility, safety and pharmacokinetics
of OP-724 administration and to determine the recom-
mended dosage of OP-724 in the next phase. Although
the number of patients treated in this study was as small
as seven, no SAE was observed during the administration
period, and no deaths related to drug administration
were observed, suggesting its safety. From an exploratory
study of efficacy, it was found that the fibrotic area of
the liver tissue was improved in some treated patients.
These results are expected to be further investigated in
the future, and it is necessary to accumulate patients and
examine their effectiveness in the next clinical trial.
According to the study protocol, the study was started
from level 2 (280 mg/m®/4hours) and subsequently
proceeded to level 3 (380 mg/m2/4 hours) after
confirming safety up to cycle 4 on day 7 in three patients.
However, the first level 3 patient (P101-05) exhibited
liver dysfunction. Although this event is not an SAE in
a previous study® investigating PRI-724-2101 in patients
with liver cirrhosis induced by hepatitis B or C virus, one
patient who received level 3 (380 mg/m2/4 hours) had
severe liver dysfunction. Considering that liver dysfunc-
tion was reported as an SAE in one patient who received
the drug, enrolment to level 3 was discontinued owing
to the importance of the event. In this patient, serum
ALT and AST levels increased more than three times the
reference values; however, an increase of more than two
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times in the total bilirubin level was not observed. There-
fore, we deemed that the requirements of Hy’s law were
not satisfied. Since serum ALP and GGT levels slightly
exceeded the upper limit of standard values at certain
time points, we considered drug-induced liver injury,
which was mainly hepatocellular, and possible bile duct
injury. Neither ascites nor encephalopathy was observed.
Due to the elevated ALT and AST levels, we decided to
withdraw CbD4 and C6D1. Moreover, since we consid-
ered liver damage due to other suspected drugs at this
point, we decided to continue administering the inves-
tigational drug. Once serum ALT and AST levels were
noted to have improved, administration of the investi-
gational drug C7D4 was started. However, ALT and AST
levels increased again with C8D1 administration (online
supplemental table 2).

Although this was not an SAE, abnormal hepatic func-
tion was reported as an SAE in one patient who received
the drug at level 3 (880 mg/m®/4hours) in the prior
PRI-724-2101 study conducted on patients with cirrhosis
due to hepatitis C or B. As such, the administration of
the study drug was suspended. Following resumption,
abnormal hepatic function (re-elevation of AST and ALT
levels) was observed again, and the results of lymphocyte
stimulation tests for other suspected drugs were negative.
Hence, the relevant event was considered to be an AE,
possibly indicating a causal relationship with the investi-
gational drug (grade 2). Furthermore, due to persistent
liver dysfunction, the clinical study was discontinued for
the patient. In this way, patients suspected with drug-
induced hepatic dysfunction other than the investiga-
tional drug could be stopped prior to resumption for a
rechallenge test. In response to this, registration to level
3 was discontinued, and another three patients were
added to level 2 for safety evaluation. Consequently, six
patients (three of whom were additional patients after
discontinuation of level 3 enrolment) were enrolled in
level 2, and one patient was enrolled in level 3.

In the safety evaluation, the incidence of SAEs (ie, the
primary endpoint) was 0% (0/7). The occurrence rates
of AEs and side effects (ie, the secondary endpoints) were
100% (7/7) and 85.7% (6/7), respectively. With respect
to AEs, the number of patients who developed ‘gastroin-
testinal disorder’ was the highestat4/7 (57.1%), followed
by ‘hepatobiliary system disorder’ and ‘general/systemic
disorder and administration site status’ (3/7 (42.9%)
each). Gastrointestinal disorders, such as nausea and
vomiting, showed no clear dose-related trends, although
a correlation with vomiting was suggested by PK analyses.
OP-724 was thus considered to be mildly or moderately
emetogenic but effectively managed with standard-of-
care antiemetics and routine prophylaxis. ‘Liver dysfunc-
tion (grade 2)’ occurred in one level 3 patient, which led
to the discontinuation of investigational drug administra-
tion as mentioned above.

Although there is significant interest in the therapeutic
potential of targeting the Wnt pathway for cancer and
fibrosis treatment, this has proven challenging due to the

essential role of this pathway in stem cell maintenance
and tissue homoeostasis, which raises concerns regarding
significant t0)<icity.32_34 Wnt signalling is known to play an
important role in bone homoeostasis.” *® Several studies
with Wnt inhibitor, ipafricept and vantictumab, demon-
strated an increased risk for fragility fractures among
treated patients.”” * However, no fragility fractures were
recorded in this study. The mean laboratory test values
fluctuated during the study period, and the decrease
in the total bile acid level was considered as clinically
important. The number of patients from whom baseline
and 12-week data were obtained was small at five; never-
theless, abnormally high values at baseline decreased at
12 weeks in four patients.

One of the limitations of this study was the small
sample size, particularly after the participants were
divided into different dose cohorts. Furthermore, one
patient in the 380 mg/m2/4hours had to leave the trial
before completing 12 cycles of treatment owing to AEs,
resulting in inadequate data to evaluate the safety and
tolerability of OP-724 in the maximum dose cohort.
Consequently, the analysis was exploratory in order to
investigate the efficacy (antifibrotic effect) of OP-724 in
PBC with fibrosis. Among the examination items, patho-
logical evaluation by liver biopsy revealed that the CPA
decreased before and after OP-724 administration in
several patients (table 4 and online supplemental figure
2). Furthermore, two patients (2/5 (40%)) showed a
decrease in the fibrosis stage by 1 or more, suggesting
that it could potentially serve as a therapeutic drug in
the future. Over recent years, antifibrosis evaluation by
liver biopsy has often been replaced with FibroScan or
magnetic resonance elastography owing to its invasive-
ness and sampling error; nevertheless, it is still consid-
ered the golden standard.” * % LSM obtained using
FibroScan is a simple and widely used method; however,
limitations have been identified. In particular, it may be
difficult to measure the accuracy of numerical values in
cases of hepatitis or cholestasis, or areas with accumulated
ascites.” *! Recently, de Franchis et alreported a clinically
significant decrease in LSM, which is associated with a
substantially reduced risk of decompensation and liver-
related mortality.”” This is defined as a >20% decrease
in LSM associated with LSM<20kPa or any decrease in
LSM<10kPa. By applying this definition to our study, 20%
(1/5) was judged to be a clinically significant decrease
that warrants further investigation.

Previous clinical trials** ® reported that OP-724 caused
an increase in the albumin level; in contrast, this tendency
was not observed in this study (online supplemental figure
3B). Thus, although the number of treated patients was
small, no significant improvement in liver function as a
result of OP-724 administration was observed.

The antifibrotic effect of OP-724 mainly improves
cholestasis mediated by Egr-1 signal (decreased bile
acid) in hepatocytes and suppresses the infiltration of
inflammatory cells such as macrophages, resulting in the
suppression of hepatocyte and bile duct disorders.”® In
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the treated patients, the serum total bile acid concentra-
tion showed a tendency to decrease; however, no statis-
tically significant difference was observed. Most patients
in this trial were taking UDCA or bezafibrate, suggesting
that OP-724 lower the bile acids via a different mecha-
nism of action.

In conclusion, the 12-week intravenous administration
of OP-724 to patients with advanced PBC was confirmed
to be safe and well tolerated, although the number of
patients studied was small. Here, the recommended dose
was determined to be 280 mg/ m2/ 4hours. In the future,
we plan to proceed with a next-phase study to verify the
effectiveness and tolerability of OP-724 with a larger
number of patients.
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MELD score Baseline 12 weeks
Number of patients 5 5
Mean * standard deviation 6.8+4.9 7.2+4.9

Child-Pugh score Baseline 12 weeks
Number of patients 5 5
Mean * standard deviation 6.0+0.7 6.2+0.8

Fibroscan (kPa) Baseline 12 weeks
Number of patients 5 5
Mean + standard deviation 21.92+12.53 22.36+13.05

ELF score Baseline 12 weeks
Number of patients 5 5
Mean * standard deviation 1.060+0.924 1.142+1.277

Supplementary Table 1. Change in MELD score, CP score, liver stiffness measure, and ELF score from baseline to post-treatment.
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Observation period
Upper limit of
Inspection item C4D4 C5D1 C5D4 C6eD1 CeD4 C7D1 C7D4 C8D1
reference value
42
ALT (U/L) . 49 74 124 75 53 189 95 188
(3 times:126)
30
AST (U/L) 52 65 103 55 45 127 53 128
(8 times: 90)
1.5
T.Bil (mg/dL) 0.7 0.9 0.7 0.9 1 1.1 1 1.1
(2 times: 3.0)
GGT (U/L) 64 64 66 68 64 61 69 64 67
ALP (U/L) 322 324 331 364 338 332 324 329 313
C:cycle; D:day

Supplementary Table 2. Change in liver related function data after administration (P101-05)
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