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Efficacy and Safety of Cenicriviroc 
in Patients With Primary Sclerosing 
Cholangitis: PERSEUS Study
Bertus Eksteen,1 Christopher L. Bowlus,2 Aldo J. Montano-Loza ,3 Eric Lefebvre,4 Laurent Fischer,4 Pamela Vig,4   
Eduardo Bruno Martins,4 Jawad Ahmad,5 Kidist K. Yimam,6 Paul J. Pockros,7 Jordan J. Feld,8 Gerald Minuk ,9 and   
Cynthia Levy10

Primary sclerosing cholangitis (PSC) is a chronic cholestatic disease with no approved treatments. C-C chemokine re-
ceptor types 2 and 5 (CCR2/CCR5) play an important role in inflammation and fibrosis and are potential therapeutic 
targets for PSC. We evaluated the efficacy and safety of cenicriviroc (CVC), a dual antagonist of CCR2 and CCR5, 
for the treatment of PSC. This was a single-arm, open-label, exploratory study of CVC in adults with a clinical diag-
nosis of PSC, serum alkaline phosphatase (ALP) ≥1.5 times the upper limit of normal (ULN), with or without inflam-
matory bowel disease, across eight sites in the United States and Canada. The primary endpoint was percent change in 
ALP over 24 weeks; key secondary efficacy endpoints were proportion of participants who achieved ALP normalization 
and overall response (decrease to <1.5 times the ULN or 50% decrease). Of the 24 participants, 20 completed the 
study. The mean age was 43 years, 50% were female, and the mean body mass index was 25 kg/m2. From a median 
ALP baseline of 369 U/L (range: 173, 1,377 U/L), a median absolute reduction of 49.5 U/L (range: −460, 416 U/L) 
was achieved at week 24, corresponding to a median reduction of 18.0% (range: −46%, 89%). No participant achieved 
ALP normalization or a 50% decrease; 2 participants (10%) achieved a reduction in ALP to < 1.5 times the ULN, and 
4 had ≥25% increase. Twenty participants (83.3%) reported at least one adverse event; most were mild to moderate 
in severity. The most frequent events were rash, fatigue, and dizziness. Conclusion: After 24 weeks of CVC treatment, 
adults with PSC achieved a modest reduction (median 18%) in the surrogate endpoint of ALP. CVC was well toler-
ated, and no new safety signals were observed. Clini​calTr​ials.gov identifier: NCT02653625. (Hepatology Communications 
2021;5:478-490).

Primary sclerosing cholangitis (PSC) is a chronic 
cholestatic disease characterized by inflamma-
tion and fibrosis of the intrahepatic and extra-

hepatic bile ducts of the liver.(1) Currently, PSC has an 
incidence of 1 in 100,000 worldwide and a prevalence 
of 6-16 per 100,000 in North America and Europe, 

and is therefore considered a rare disease.(2-5) PSC is 
characterized by multifocal bile duct strictures and 
dilatations, leading to cholestasis, liver fibrosis, cir-
rhosis, portal hypertension, liver failure, and cholan-
giocarcinoma, a major cause of death in patients with 
PSC.(6-8) The etiology of PSC is unclear; however, 
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inflammatory bowel disease (IBD) is a major risk 
factor, with current estimates suggesting that 75% of 
patients with PSC have IBD.(9) The pathogenesis of 
PSC is purported to be based on a genetic architec-
ture of defined susceptibility genes and activation of 
the hepatic innate immune response by as yet unde-
fined antigens. Consequently, proinflammatory cyto-
kines and chemokines are secreted, which in turn 
induce cholangiocyte injury, attracting and activating 
inflammatory cells, thus perpetuating the inflamma-
tory response.(10,11) This results in progressive bile 
duct damage, cholestasis, and eventually fibrosis with 
organ dysfunction.

There are no approved effective therapies for PSC, 
and current pharmacological options, most of which 
have not demonstrated sufficient clinical benefit, 
offer only management of complications and symp-
toms. Disease management is dependent on the stage 
of PSC and extent of progression, with liver trans-
plantation the only strategy that can alter outcomes 
and survival. Ursodeoxycholic acid (UDCA) therapy 
improves the liver function profile in some patients; 
however, whether UDCA has a beneficial effect on 
long-term outcomes and survival remains unclear.(12,13) 
Therefore, there is a need to identify safe treatments 
that can alter the disease course and offer sustained 
clinical benefit to patients living with PSC.

Monocyte chemotactic protein-1 (MCP-1) is a 
major chemokine that regulates the migration and 
infiltration of monocytes and macrophages. The role 
of monocytes, macrophages, Kupffer cells, and hepatic 
stellate cells in liver inflammation and fibrogenesis has 
been demonstrated.(14) C-C chemokine receptors type 
2 (CCR2) and type 5 (CCR5) are the main receptors 
for MCP-1 and RANTES (regulated on activation, 
normal T cell expressed and secreted chemokine), 
expressed on monocytes, macrophages, Kupffer cells, 
and hepatic stellate cells, and their role in the activa-
tion of these cells has been established.(15,16) Moreover, 
the overexpression of MCP-1 has been observed in 
PSC patient cholangiocytes and in livers of PSC   
preclinical models.(17,18) These observations suggest 
that strategies that block the activation of MCP-1 
may be of therapeutic benefit in PSC.

Cenicriviroc (CVC) is a novel, once-daily, dual 
CCR2 and CCR5 antagonist with nanomolar 
potency.(19) CVC has demonstrated anti-inflammatory   
and antifibrotic activity across multiple animal mod-
els of liver disease.(19-23) Preclinical studies, including 
a rat bile duct ligation model of cholestasis, demon-
strated that CVC (in combination with all-trans   
retinoic acid) was associated with reduced liver 
necrosis, hepatic fibrosis, and bile duct prolifera-
tion; these therapeutic effects were also confirmed in 
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Mdr2−/− mice.(22) Mechanistically, CVC blocks the 
recruitment, migration, and infiltration of proinflam-
matory monocytes and macrophages into the liver 
through CCR2 antagonism. Recently, treatment with 
CVC was found to attenuate macrophage recruit-
ment, liver injury, and fibrosis in a mouse model of 
PSC.(24) In addition, CVC has shown antifibrotic 
activity and evidence of target engagement in the 
form of an increase in MCP-1 in participants with 
nonalcoholic steatohepatitis (NASH).(25) Given the 
key role that CCR2 and CCR5 play at the junction of 
inflammation and fibrosis,(16,26-28) herein we evaluated 
the effect of CVC in adult participants with PSC by 
assessing its effects on alkaline phosphatase (ALP), a 
proposed surrogate marker for PSC disease progres-
sion, over 24 weeks of treatment. Findings from this 
study will expand our understanding of CVC activity 
in PSC.

Methods
STUDY DESIGN

This was a single-arm, open-label, exploratory, 
phase 2 study evaluating the effects of CVC 150 mg 
daily in adult participants with PSC over 24 weeks of 
treatment. A total of 25 participants were planned for 
enrollment across four sites in the United States and 
four sites in Canada. The study was conducted from 
March 2016 to August 2017. The study consisted 
of a screening visit, during which participants were 
assessed for eligibility, which occurred within 6 weeks 
of the baseline visit. The first dose was administered 
at the baseline visit (day 1), and participants returned 
to the clinic for visits at weeks 4, 8, 12, 16, and 24. A 
follow-up visit occurred at week 28. CVC was admin-
istered orally once daily every morning with food. All 
authors had access to study data and reviewed and 
approved the final manuscript.

PARTICIPANTS
Eligible participants were adults (aged 18-75 years) 

with a clinical diagnosis of PSC based on cholangio-
graphic evidence of multifocal strictures of the intra-
hepatic and/or extrahepatic bile ducts or histologic 
evidence requiring the presence of fibro-obliterative 
lesions: evidence of chronic cholestatic liver disease 

for at least 6 months and a serum ALP ≥ 1.5 times 
the upper limit of normal (ULN). Participants with 
or without IBD were allowed. The key exclusion 
criteria were alternative causes of liver disease, small 
duct PSC, and cirrhosis. Full eligibility criteria are 
provided within the study protocol in the Supporting 
Information. The study protocol was approved by the 
local institutional review board or independent ethics 
committee of each center. The study was conducted 
in accordance with the Declaration of Helsinki, appli-
cable local laws and regulations, and International 
Conference on Harmonisation of Technical 
Requirements for Registration of Pharmaceuticals for 
Human Use E6 Guideline for Good Clinical Practice. 
All participants provided written, informed consent 
before study initiation. Participants could continue 
their standard-of-care medications but had to be on 
stable therapy for at least 28 days (≥ 3 months for 
UDCA therapy at a dose of ≤ 20 mg/kg/day) before 
baseline, whereas concomitant use of fibrates was not 
allowed during the study. A detailed list of disallowed 
medications is provided in the study protocol in the 
Supporting Information.

STUDY OUTCOMES AND 
ASSESSMENTS

Several liver parameters (ALP, alanine ami-
notransferase [ALT], aspartate aminotransferase 
[AST], serum albumin, serum bile acids, direct bil-
irubin, total bilirubin, and gamma-glutamyl trans-
ferase [GGT]) were measured over 24  weeks of 
treatment and compared with baseline levels. At 
week 24, changes in transient elastography (TE), 
immunoglobulin G (IgG) total, IgG1, IgG4, and 
partial Mayo score for IBD activity were also 
evaluated.

Safety and tolerability endpoints included assess-
ment of adverse events, fasting clinical laboratory 
measurements (hematology, chemistry, and urinaly-
sis), vital sign measurements, electrocardiograms, and 
physical examinations.

STATISTICAL ANALYSES
The primary endpoint was the percent change in 

ALP from baseline through week 24. A potential 
range of −20% for worsening to 80% for improve-
ment in percent ALP change from baseline to   
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24 weeks was assumed. Based on this supposition, 
a 25% SD was applied and the study was designed 
with 80% power using a two-sided 95% confidence 
interval (CI) for the mean percent change from 
baseline to 24 weeks to have its lower limit exceed 
15%, if the true mean percent change over the   
24 weeks was at least 30%.

The percent change from baseline was defined as 
100 × (value at each visit – baseline value) / base-
line value. The baseline value was defined as the 
last nonmissing value on or before the baseline visit 
(day 1). Percent changes in ALP from baseline were 
summarized using descriptive statistics. A repeated-  
measures mixed model was fitted to the data for 
all pretreatment and on-treatment visits. A linear 
mixed-effect repeated-measures model was used 
with percent change from baseline as the dependent 
variable, the visit as a fixed effect, the baseline score 
and baseline score by visit interaction as covariates, 
and subject as a random effect, to model correla-
tions among the within-subject repeated measures. 
Through this model, 95% CIs were calculated for 
the mean percent change at each visit, with percent 
change from baseline at week 24 being the pri-
mary endpoint estimate. Moreover, a comparison 
of pretreatment change (screening value – base-
line value) per week with the on-treatment change 
(value at each visit – baseline value) per week was 
made through an estimate specification and the cor-
responding 95% CI. Descriptive comparisons were 
made for participants with a history of IBD versus 
no history of IBD at screening, and for participants 
who received UDCA for at least 3 months versus no 
UDCA for at least 3 months before screening.

Secondary efficacy endpoints were the proportion 
of participants who achieved ALP normalization (as 
defined by the central laboratory reference ranges) at 
week 24; the proportion of participants who achieved 
ALP decrease to < 1.5 times the ULN; and the propor-
tion of participants who achieved a 50% decrease in ALP 
from baseline at each visit. For descriptive responder cri-
teria, such as either 50% ALP decrease from baseline 
to week 24 or a decrease to < 1.5 times the ULN, the 
proportion of participants achieving the targets and the 
two-sided 95% CIs were provided for each pretreatment 
and on-treatment visit using exact binomial CI.

Evaluation of efficacy and participant demo-
graphics was based on the intent-to-treat (ITT) 
population, which included all enrolled participants 

who received at least one dose of study treatment. 
Evaluation of safety endpoints was conducted using 
the safety population, which included all enrolled 
participants who received at least one dose of study 
drug. The two analysis sets were identical; however, 
participants who received only one dose of study 
drug and did not return for any postbaseline vis-
its were included in the ITT analysis set, although 
they only provided data for safety assessments and 
no efficacy measurements. Data were analyzed as 
recorded, and no imputations were made for miss-
ing data. Additional details related to statistical 
analysis are described in the study protocol and 
statistical analysis plan included in the Supporting 
Information.

Results
PARTICIPANT DISPOSITION

A total of 48 patients were screened, of whom 
24 met all of the protocol-defined eligibility criteria 
and were included in both the ITT and safety pop-
ulation analysis sets. Twenty participants completed 
the 24-week study, and 4 participants prematurely 
discontinued treatment: 1 due to adverse events 
(asthenia, fatigue, arthralgia, myalgia, and decreased 
appetite), 1 due to noncompliance with administra-
tion of the study drug, 1 due to a protocol violation, 
and 1 participant due to elevation in liver enzymes 
that required further evaluation (Supporting   
Fig. S1).

Baseline characteristics of the enrolled partici-
pants are summarized in Table 1. The mean age was   
43 years (range: 23, 66 years), 50% were female, and 
the mean body mass index was 25 kg/m2 (range: 19,   
33 kg/m2). Most of the participants had IBD at base-
line (17 participants; 71%), mostly with ulcerative coli-
tis (14 participants; 58%). Assessment of IBD activity 
indicated normal to mild disease in all 19 participants 
who were evaluated; assessment was not performed 
for 5 participants.

Prior or concomitant medication use was reported 
by all 24 participants. A summary of prior and con-
comitant medication use is presented in Supporting 
Table S1. UDCA use for at least 3 months before 
screening was reported in 7 participants (29%) 
(Table 1).
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PRIMARY ENDPOINT
The primary efficacy endpoint for this study was 

the percent change in ALP from baseline to week 24.   
At baseline, the median ALP was 369.0 U/L   
(range: 173, 1,377 U/L). The linear mixed-model 
analysis of mean (95% CI) change in ALP from 
baseline to week 24 was −3.111% (−15.47, −9.248). 

At the end of the 24-week treatment period, 
changes in ALP were highly variable among par-
ticipants, with a median reduction from baseline 
of −49.5 U/L (range: −460, 416 U/L), which cor-
responds to a median 18% reduction (range: −46%, 
89%) (Table 2). A total of 11 participants (46%) 
had an increase in ALP of at least 18% during the 
study. Data from individual participants are depicted 
in Fig. 1 to show the intersubject variability, with 
some participants showing decreases in percent 
ALP throughout the study. ALP levels fluctuated   
by ±10% between screening and baseline in 13 of   
24 participants, indicating that intrasubject variabil-
ity occurred regardless of treatment initiation.

Analysis of the primary endpoint was performed 
for four subgroups: (1) participants who did or (2) 
did not receive UDCA therapy for at least 3 months 
before screening, and (3) participants with or (4) 
without history of IBD at screening. At baseline, the 
median ALP for participants who received UDCA 
therapy for at least 3 months before screening was 
386.0 U/L (range: 212, 680 U/L; n = 7), whereas 
the mean ALP for participants who did not receive 
prior UDCA therapy was 354.0 U/L (range: 173, 
1,377 U/L; n = 17) (Fig. 2A). Following 24 weeks 
of CVC treatment, the percent ALP change in the 
16 participants who did not receive prior UDCA 
therapy (median: −20.3% [range: −46%, 89%]) was   
higher compared with the 4 participants who 
received UDCA therapy at least 3 months before 
screening (median: 0.9% [range: −17%, 59%]); how-
ever, the higher rate of missing data from partici-
pants with prior UDCA therapy may have affected 

TABLE 1. PARTICIPANT DEMOGRAPHICS AND 
BASELINE CHARACTERISTICS

Characteristic CVC 150 mg (n = 24)

Demographics

Age (years), mean (SD) 43.3 (12.9)

Female, n (%) 12 (50.0)

White, n (%) 21 (87.5)

Hispanic or Latino, n (%) 2 (8.3)

BMI (kg/m2), mean, (SD) 25.2 (3.7)

IBD, n (%)

Ulcerative colitis 14 (58.3)

Crohn’s disease 2 (8.3)

Indeterminate IBD 1 (4.2)

No IBD 7 (29.2)

IBD activity: Physician’s Global Assessment*, n (%)

Normal 15 (62.5)

Partial Mayo score 4 (16.7)

Mild disease 4 (16.7)

Moderate disease 0

Severe disease 0

Assessment not performed 5 (20.8)

Received UDCA for at least 3 months before 
screening, n (%)

7 (29.2)

*The partial Mayo score was used only for participants with IBD.
Abbreviation: BMI, body mass index.

TABLE 2. SUMMARY OF CHANGE FROM BASELINE TO WEEK 24 IN SERUM ALP—PRIMARY ENDPOINT

Serum ALP
Baseline Absolute Value 

(U/L)
Week 24 Absolute Value 

(U/L)
Week 24 Change From 

Baseline (U/L)
Week 24 Change 

From Baseline (%)

n 24 20 20 20

Mean (SD) 420.7 (262.9) 382.7 (230.8) −32.7 (175.1) −4.5 (34.8)

Median 369.0 295.5 −49.5 −18.0

Min, Max 173, 1,377 109, 917 −460, 416 −46, 89

LS mean −3.111

95% CI of LS mean (−15.5; 9.2)

Note: Baseline is defined as the last available predose value. A linear mixed-effect repeated-measures model was used with percent change 
from baseline as the dependent variable, visit (screening, weeks 4, 8, 12, 16, and 24) as fixed factors, baseline score and baseline score by visit 
interaction as covariates, and subject included as a random effect to model correlations among the within-subject repeated measures. ALP 
(%) on-treatment change = (value at each visit – baseline value) / baseline value × 100. Denominator degrees of freedom were estimated 
using the Kenward–Roger method.
Abbreviations: LS, least squares; Max, maximum; Min, minimum.
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these results. Overall, these results indicate a poten-
tial treatment effect of CVC on ALP levels over 
24 weeks in participants who did not receive prior 
UDCA therapy.

At baseline, the median ALP for participants with 
IBD was 384.0 U/L (range: 173, 1,377 U/L; n = 17),   
while the median ALP for participants without   
IBD was 266.0 U/L (range: 203, 678 U/L; n = 7). 
Following treatment, no differences in percent ALP 
change were observed between participants with IBD 
(median: −18% [range: −33%, 89%]) and without IBD 
(median: −18.5% [range: −46%, 25%]) at screening 
(Fig. 2B).

SECONDARY EFFICACY 
ENDPOINTS

The key secondary efficacy endpoints included 
the proportion of participants who at week 24 
achieved ALP normalization, a decrease to < 1.5 

times the ULN, or a 50% decrease from baseline at 
each visit. Of the 20 participants who completed 
the study, 2 (10%; [0.68; 0.98]95%CI) achieved the 
secondary endpoint of a decrease in ALP to < 1.5 
times the ULN, with the first participant achieving 
the endpoint at week 8 and the second at week 12 
of the study; both participants had baseline ALP   
values > 1.5 times the ULN (203 U/L [1.9 times the 
ULN] and 230 U/L [1.8 times the ULN], respec-
tively). No participants achieved ALP normalization 
or a 50% decrease from baseline at any time during 
the study. The overall response rate (i.e., the propor-
tion of participants who achieved a 50% decrease in 
ALP from baseline or a decrease to < 1.5 times the 
ULN) was 10% (2 participants; [0.68; 0.98]95%CI) at 
week 24. As no participants achieved the second-
ary efficacy endpoint of a 50% decrease in ALP 
from baseline, a post hoc analysis was performed to 
evaluate the number of participants who achieved a 
25% decrease in ALP from baseline. Of the 20 total 

FIG. 1. Percentage change in ALP levels from baseline in each individual participant over 24 weeks. Data are based on the intent-to-treat 
population analysis set and were evaluated at the screening visit (week −6), baseline (day 1), weeks 4, 8, 12, 16, and 24, and at the safety 
follow-up visit (week 28). Abbreviation: Bsl, baseline.
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participants, 5 (25%) achieved this endpoint ([0.50; 
0.91]95%CI) at week 24; all 5 of these participants 
had elevated GGT levels at week 24. A total of 4 
(20%) had a ≥ 25% increase in ALP at week 24. 
A summary of key secondary efficacy endpoints is 
provided in Table 3.

Other efficacy outcomes included changes in 
liver parameters other than ALP (ALT, albumin, 
AST, direct bilirubin, GGT, total bilirubin, serum 

bile acids, IgG total, and IgG1). A high variabil-
ity in all of these parameters was observed, and no 
clear trends were evident at week 24 compared with 
baseline levels. A summary of change in liver bio-
markers by ALP reduction (≥ 25% vs. < 25%) is pro-
vided in Table 4. Median decreases in GGT, ALT, 
and AST were greater in participants with a ≥ 25% 
ALP reduction than in those with a < 25% ALP 
reduction.

FIG. 2. Summary of change from baseline to week 24 in serum ALP by UDCA status (A) and IBD status (B) at screening. Results are 
displayed as median (minimum, maximum).
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TABLE 3. SUMMARY OF KEY SECONDARY EFFICACY ENDPOINTS AT WEEK 24

Secondary Efficacy Endpoints

Overall

n Yes 95% CI

Proportion of participants who achieved ALP normalization 20 0 (0.0%) (0.83; 1.00)

Proportion of participants who achieved ALP of < 1.5 times the ULN 20 2 (10%) (0.68; 0.98)

Proportion of participants who achieved a 50% decrease in ALP from baseline 20 0 (0.0%) (0.83; 1.00)

Overall responders (i.e., proportion of participants who achieved a 50% decrease in ALP from baseline or a 
decrease to < 1.5 times the ULN)

20 2 (10%) (0.68; 0.98)

Additional post hoc analysis

Proportion of participants who achieved a 25% decrease in ALP from baseline 20 5 (25%) (0.50; 0.91)

Note: 95% CIs were obtained by binomial test for proportions.

TABLE 4. SUMMARY OF CHANGE FROM BASELINE TO WEEK 24 IN LIVER BIOMARKERS BY ALP 
REDUCTION (≥ 25% VS. < 25%)

Biomarker

Participants With ≥ 25% ALP Reduction   
(n = 5)

Participants With < 25% ALP Reduction 
(n = 15)*

Absolute Value
Change From 
Baseline (%) Absolute Value

Change From 
Baseline (%)

GGT (U/L) Mean (SD) −163.4 (61.7) −28.1 (14.5) −5.1 (186.6) −0.6 (24.5)

Median −135.0 −33.7 −39.0 −7.2

Min, Max −235, −109 −45, −12 −491, 362 −32, 44

ALT (U/L) Mean (SD) −73.6 (145.5) −26.6 (34.3) −11.9 (65.4) 4.8 (35.1)

Median −19.0 −20.8 −2.0 −4.3

Min, Max −332, 20 −79, 17 −233, 50 −52, 83

AST (U/L) Mean (SD) −72.6 (134.5) −32.9 (35.5) −4.6 (48.4) 6.4 (44.7)

Median −17.0 −27.4 1.0 3.0

Min, Max −312, 7 −83, 16 −152, 58 −57, 119

Total bilirubin (mg/dL) Mean (SD) −0.1 (0.2) −11.1 (31.7) 0.5 (1.6) 62.3 (178.5)

Median −0.2 −28.6 0.1 20.0

Min, Max −0.3, 0.2 −33.3, 40.0 −0.2, 6.2 −40.0, 688.9

Direct bilirubin (mg/dL) Mean (SD) −0.1 (0.1) −28.7 (27.9) 0.4 (1.3) 110.0 (319.2)

Median −0.1 −33.3 0.0 0.0

Min, Max −0.3, 0.0 −60.0, 0.0 −0.1, 5.0 −50.0, 1250.0

Albumin (g/dL) Mean (SD) −0.1 (0.1) −3.13 (2.6) 0.01 (0.3) 0.3 (7.3)

Median −0.1 −2.3 0.1 2.3

Min, Max −0.3, 0.0 −6.8, 0.0 −0.7, 0.3 −17.5, 7.9

TE

LSM (kPa) Mean (SD) 1.2 (0.7) 16.3 (9.9) 1.37 (5.9) 15.6 (57.5)

Median 0.9 14.3 −0.3 −4.8

Min, Max 0.5, 2.0 7.8, 32.8 −5.0, 18.6 −41.0, 182.4

Noninvasive biomarkers of liver fibrosis

APRI score Mean (SD) −1.1 (2.3) −32.2 (38.5) −0.1 (0.6) 5.0 (48.0)

Median −0.1 −26.2 −0.01 −4.8

Min, Max −5.2, 0.1 −85.2, 15.6 −2.1, 0.6 −56.5, 116.4

FIB-4 Index score Mean (SD) −1.0 (1.7) −24.3 (30.2) 0.04 (0.4) 6.3 (40.7)

Median −0.1 −15.8 0.03 8.8

Min, Max −3.9, 0.04 −65.3, 9.1 −0.6, 1.0 −39.2, 86.2

Note: Baseline was selected as the last available predose value.
*n = 13 for noninvasive biomarkers of liver fibrosis.
Abbreviations: LSM, liver stiffness measure; Max, maximum; Min, minimum.
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Details on further secondary efficacy outcomes are 
included in the Supporting Information.

SAFETY AND TOLERABILITY
Throughout the 24-week study, a total of 20 par-

ticipants (83.3%) reported at least one treatment-  
emergent adverse event (TEAE), most of which were 
grade 1 (mild) or grade 2 (moderate) in severity (19 
participants; 79.1% of the study population) (Table 5). 
The most common TEAEs were fatigue, rash, and 
dizziness, occurring in 4 participants (16.7%) each 
(Table 6). One serious TEAE of gallbladder polyp was 
reported during the study, which was considered mild 

in severity and unrelated to study drug; it did not result 
in a change in CVC dosages and was resolved follow-
ing a cholecystectomy. No study-related serious TEAEs 
were reported and no deaths occurred during the study.

Further details on safety are included in the 
Supporting Information.

Discussion
In this open-label, single-arm, proof-of-concept 

study, we evaluated the effects of CVC in adults with 
PSC by assessing changes in the surrogate endpoint of 
ALP for up to 24 weeks of treatment. Currently, there 
are no established surrogate endpoints for measuring 
PSC progression; therefore, regulatory guidance is still 
limited for clinical development. The International 
PSC Study Group published a consensus report that 
provided five candidate surrogate endpoints for clin-
ical trials of PSC: ALP, TE, histology, a combination 
of ALP and histology, and bilirubin.(29,30) Of these, 
histology, ALP, and TE are considered the most 
promising endpoints, although the use of histology as 
a primary surrogate endpoint is limited by the invasive 
nature of liver biopsy, at least during the early stages 
of drug development.

TABLE 5. SUMMARY OF ADVERSE EVENTS

Adverse Events
CVC 150 mg 

(n = 24), n (%)

Participants with ≥ 1 TEAEs 20 (83.3)

Grade 1 14 (58.3)

Grade 2 5 (20.8)

Grade 3 1 (4.2)

Grade 4 or 5 0

Deaths 0

Participants with ≥ 1 SAEs 1 (4.2)

Gallbladder polyp 1 (4.2)

Participants with ≥ 1 study drug-related SAEs 0

Participants who discontinued treatment due to a TEAE 2 (8.3)

Asthenia, fatigue, arthralgia, myalgia, decreased 
appetite

1 (4.2)

Elevation in liver biochemistry requiring further 
evaluation

1 (4.2)

Participants with ≥ 1 treatment-related TEAEs 10 (41.7)

Rash 3 (12.5)

Rash pruritic 1 (4.2)

Fatigue 2 (8.3)

Flatulence 1 (4.2)

Nausea 1 (4.2)

Vomiting 1 (4.2)

Dizziness 1 (4.2)

Headache 1 (4.2)

Paresthesia 1 (4.2)

Elevation in liver biochemistry requiring further 
evaluation

1 (4.2)

Blood cholesterol increased 1 (4.2)

Weight decreased 1 (4.2)

Note: A TEAE is any adverse event that has an onset date and time 
on or after the date and time of first administration of study drug. 
Adverse events that worsen after administration of study medica-
tion are also categorized as TEAEs.
Abbreviation: SAE, serious adverse event.

TABLE 6. SUMMARY OF TEAES AFFECTING > 5% OF 
PARTICIPANTS

TEAEs
CVC 150 mg   

(n = 24), n (%)

TEAEs affecting > 5% of participants

Fatigue 4 (16.7)

Rash 4 (16.7)

Dizziness 4 (16.7)

Headache 3 (12.5)

Cough 3 (12.5)

Vomiting 3 (12.5)

Pruritus 2 (8.3)

Rash pruritic 2 (8.3)

Nausea 2 (8.3)

Pyrexia 2 (8.3)

Arthralgia 2 (8.3)

Musculoskeletal chest pain 2 (8.3)

Lower respiratory tract infection 2 (8.3)

Note: A TEAE is any adverse event that has an onset date and time 
on or after the date and time of first administration of study drug. 
Adverse events that worsen after administration of study medica-
tion are also categorized as TEAEs.
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PSC is more common in men than women, has a 
mean patient age of 41 years, and is strongly associ-
ated with IBD.(2,31) Although the age of our popula-
tion was close to this mean, 50% were female, which is 
unusual. This could have skewed our results, although 
there is no clear evidence that sex affects outcome. 
Overall, the participant population in this study was 
reflective of the general PSC population. The pri-
mary efficacy endpoint for this study was the percent 
change in ALP over 24 weeks of treatment. Although 
percent change in ALP was used herein, the optimal 
measures of change in ALP, whether absolute value, 
percent change, or otherwise, are not known. After 
24 weeks, from a mean baseline of 420.7 U/L, mean 
ALP levels decreased to 382.7 U/L, corresponding 
to a 32.7 U/L reduction. However, variability in 
both mean absolute values and percent change was 
observed, with some participants showing decreases 
that were observed throughout the study (Fig. 1). As 
the data were not normally distributed, with large 
intersubject variations and small sample sizes, the 
results were presented as median percent changes 
rather than mean percent changes. These showed a 
modest treatment effect at week 24, with a median 
absolute reduction in ALP of 49.5 U/L (range: −460, 
416 U/L), corresponding to a median reduction of 
18% (range: −46%, 89%); however, this decline does 
not appear to be clinically significant. ALP levels   
tend to fluctuate over the course of disease and 
can spontaneously normalize, making it difficult to 
determine whether observed changes were due to the 
effects of CVC or normal fluctuation.(32,33) Herein, 
no participant achieved ALP normalization or a 50% 
decrease from baseline at any time, but 2 participants 
were overall responders (i.e., achieved a 50% decrease 
in ALP or a decrease to < 1.5 times the ULN). 
However, in a post hoc analysis, 25% of participants   
(5 participants) achieved a 25% decrease in ALP from 
baseline to week 24, with improvements observed in 
other liver biochemistry parameters. There have been 
some conflicting data on the correlation between 
improvements in ALP and clinical benefits in a set-
ting of UDCA therapy. One study found no signif-
icant changes in ALP or clinical improvement with 
medium-dose UDCA treatment (17-23 mg/kg/day)   
over a 5-year follow-up period, while a second 
study of very-high-dose UDCA (28-30 mg/kg/day) 
demonstrated ALP improvements yet clinical wors-
ening over the same study period.(13,34) Nonetheless, 

a recent analysis found that both UDCA-treated and 
placebo-treated patients who normalized their ALP 
had better prognosis than those who did not.(35)

Earlier preclinical data suggest that CCR2-
dependent mechanisms help control the balance 
between proinflammatory and resident macrophages 
in the colon, indicating a potential role in IBD.(36,37) 
However, we did not observe any difference in change 
in ALP between participants who did or did not 
have IBD at screening: the median percent change in 
ALP at week 24 was −18% and −18.5%, respectively. 
Conversely, participants who did not receive stable 
UDCA therapy before screening showed a greater 
percentage reduction in ALP compared with partic-
ipants who received prior UDCA therapy (median 
change: −20.3% vs. 0.9%, respectively). However, 
given the significant imbalance in the number of par-
ticipants in each subgroup (with IBD at screening   
[n = 14] vs. without IBD [n = 6]; with UDCA at 
screening [n = 4] vs. without UDCA [n = 16]), and 
given that UDCA can potentially blunt responses to 
other drugs tested in PSC,(38) no definite conclusions 
can be drawn from the results on the effect of CVC 
on these potential predictors of response. Furthermore, 
we observed highly variable data in other nonin-
vasive liver parameters, including an increase in TE 
and decreases in median AST-to-platelet ratio index 
(APRI) and Fibrosis-4 (FIB-4) Index scores from 
baseline to week  24 (Table 4). However, given the 
short duration of this study, it is unlikely that changes 
in liver fibrosis would have been observed.

The variation in TE data during the study is likely 
due to changes in the degree of cholestasis and inflam-
mation, whereas the APRI score has not been well 
studied in cholestatic disease. The modest reduction 
in FIB-4 Index score is encouraging for a relatively 
short-term study, in which intervention with CVC 
is unlikely to have a major effect on hepatic fibrosis. 
Improvements in fibrosis would likely require a longer 
period of CVC exposure. Greater decreases in APRI 
and FIB-4 Index scores were observed in partici-
pants who achieved a decrease in ALP of ≥ 25% from 
baseline (n = 5) compared with those who achieved a 
decrease of < 25% (n = 15). It should be noted that 
the median liver stiffness measure in this study was 
9.3 kPa, indicative of mild to moderate fibrosis, and 
the effects of CVC on fibrosis may be different in 
patients with more advanced fibrosis, as seen in the 
CENTAUR study in participants with NASH.(25)
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No new safety signals were observed in this study; 
TEAEs were predominantly mild to moderate in 
severity, and the most frequent were rash, fatigue, and 
dizziness. These findings are in line with the safety 
profile from the clinical experience of over 1,100 
participants treated with CVC, including those with 
human immunodeficiency virus and NASH.(25,39)

Some limitations are associated with this study, 
which necessitate caution in the interpretation of these 
findings. The main limitations were the small sample 
size and single-arm study design, which meant that 
each participant was his or her own control. The vari-
ability of ALP changes among participants with PSC 
in this study further highlights the challenges of using 
this biomarker to assess the efficacy of therapeutics in 
this disease. In addition, unlike UDCA, the mecha-
nism of action of CVC (inhibition of monocyte/
macrophage infiltration) may have therapeutic anti-  
inflammatory or antifibrotic benefits that are not cap-
tured by serum liver biochemistries or even TE during 
a short, exploratory study such as this one. We did not 
include liver histology in the study due to its invasive 
nature. Although histology may have informed the 
pharmacologic effects of CVC on macrophage liver 
recruitment, it is unlikely to have demonstrated any 
improvements associated with clinical outcomes after 
only 24 weeks of treatment. Recent data associating 
clinical outcomes with serum markers of fibrosis—
including the Enhanced Liver Fibrosis test and PRO-
C3—offer hope that these markers may offer a more 
dynamic means of measuring treatment effects in sim-
ilar small proof-of-concept studies.(40-44)

Data from other phase 2 studies in patients with 
PSC also demonstrated modest changes in ALP. In a 
study of obeticholic acid, a farnesoid X receptor ago-
nist, the mean ALP decreased by 105  U/L with the 
1.5-3.0 mg dose and 110 U/L with the 5-10 mg 
dose, compared with a 27 U/L reduction with placebo 
after 24 weeks of treatment. Patients receiving obeti-
cholic acid had greater reductions in ALP at week 24 
in the absence of UDCA than with UDCA.(38) In a 
12-week study of cilofexor (GS-9674), another farne-
soid X receptor agonist, dose-dependent reductions 
in ALP were observed after 12 weeks of treatment 
(−21 U/L with the 30 mg dose and −73 U/L with the 
100 mg dose) compared with an 8 U/L increase with 
placebo.(45) In a phase 2 study in patients with PSC, 
24-norursodeoxycholic acid (a side chain-shortened 
C23 homologue of UDCA) doses of 500, 1,000, and 

1,500 mg/day reduced ALP levels by 12.3%, 17.3%, 
and 26.0%, respectively, after 12 weeks of treatment, 
with an increase (1.2%) observed with placebo.(46) 
Furthermore, in a recent phase 2 study of NGM282, an 
engineered analog of fibroblast growth factor-19, mini-
mal decreases in mean ALP were observed with the 3 
mg dose (−3 U/L), whereas increases were seen with 
the 1 mg dose (26 U/L) and placebo (5 U/L) after 12 
weeks of treatment.(47) Collectively, these recent results 
highlight not only the challenges of treating PSC but 
also the need to identify biomarkers beyond ALP.

Given that PSC is an inflammatory liver disease, the 
role of macrophages has recently been explored, with 
evidence suggesting that pharmacologic inhibition of 
macrophage recruitment to the liver through monocyte 
chemo-attractants such as the CCR2/CCL2 axis may 
reduce PSC-like liver injury.(24) In addition to CCR2 
reduction, data from the CENTAUR study indicate 
that CVC reduces baseline levels of systemic markers 
of inflammation, including interleukin-1, interleukin-6, 
high-sensitivity C-reactive protein, and fibrinogen, high-
lighting the potential for further treatment opportunities 
in PSC.(25,48)

In conclusion, although there are currently no avail-
able treatments for PSC, this exploratory study evalu-
ated the preliminary efficacy and safety of CVC in PSC 
for the first time. Our findings suggest that treatment 
with CVC 150 mg for 24 weeks resulted in no unex-
pected safety signals and a modest decrease (median of 
18%) in the endpoint of ALP in this PSC population. 
Although not meeting the primary endpoint, our study 
provides encouraging exploratory data that CVC may 
have a role in targeting inflammation in PSC. More 
work is required to define the optimum CVC dose to 
inhibit hepatic recruitment of CCR5/CCR2 leukocytes, 
and given the modest changes seen with CVC, larger, 
more robust studies are clearly needed. Importantly, 
novel biomarkers are needed that reflect clinically mean-
ingful changes, to design future studies and the optimal 
duration to target secondary endpoints, such as fibrosis.
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