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Abstract

Background: Cenicriviroc (CVC) is a novel, orally administered antagonist

of chemokine receptor types 2/5 that has demonstrated antifibrotic activity in

a phase 2b study of patients with NASH. This phase 2, open-label, rollover

study investigated the long-term safety and tolerability of CVC in patients

with NASH and stage 0–4 liver fibrosis.

Methods: Eligible patients who completed the phase 2 CENTAUR study or

reached a predefined endpoint in the phase 3 AURORA study were rolled

over and received open-label CVC 150 mg once daily. Safety assessments

were conducted at the start of the study, and patients were seen in the clinic

every 3 months until the study sponsor terminated CVC development. Safety

endpoints included treatment-emergent adverse events (TEAEs), treatment-

related TEAEs, adverse event severity, and clinical laboratory assessments.

Results: A total of 167 patients were enrolled, with a median treatment

duration of 33.6 months. Before study termination, 36 patients (21.6%)

prematurely discontinued the study. Treatment-related TEAEs were

reported in 28 patients (16.8%). The most common treatment-related

TEAEs were 4 cases of diarrhea (2.4%) and 2 cases each (1.2%) of

abdominal pain, nausea, alanine aminotransferase increased, aspartate

aminotransferase increased, hypertriglyceridemia, myalgia, pruritus, and

rash. The majority of these treatment-related events were mild in intensity,

and none were life-threatening. There were no clinically meaningful

changes in hepatic function, chemistry, or liver parameters from baseline to

the end of the study.

Abbreviations: CCL2/CCL3–5, C–C chemokine receptor ligands 2/3–5; CCR2/5, C–C chemokine receptors 2/5; CVC, cenicriviroc; TEAE, treatment-emergent
adverse event.
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Conclusions: In this rollover study, CVC 150mg once daily was well tolerated

in patients with NASH and stage 0–4 liver fibrosis. No new safety signals were

reported, and these data further support the safety and tolerability of CVC.

INTRODUCTION

NAFLD, now known as metabolic dysfunction–
associated steatotic liver disease,[1] is a common liver
disease associated with metabolic disorders including
type 2 diabetes mellitus and metabolic syndrome.[2–5]

NAFLD is characterized by lipid accumulation in the
liver (steatosis) that is unrelated to the excessive
consumption of alcohol.[3,6–8] In an estimated 10%–

25% of cases, NAFLD progresses to NASH, now known
as metabolic dysfunction–associated steatohepatitis[1];
however, in populations at risk (eg, patients with
diabetes), this can increase to almost half of the
cases.[9] NASH, which is characterized by steatosis,
lobular inflammation, and hepatocellular ballooning,[10]

has become more common as a result of the increasing
prevalence of obesity-related disorders[11] and can lead
to cirrhosis and HCC.[10] Treatment options are limited
and focus on lifestyle modification through diet and
exercise. At present, no approved disease-modifying
therapeutics are available.[11–13]

The pathogenesis of liver inflammation and fibrosis
involves the C–C chemokine receptors 2 (CCR2) and 5
(CCR5), as well as their ligands (CCL2 and CCL3–5,
respectively), which contribute to the development of
NAFLD and NASH.[14–17] CCR2/CCL2 and CCR5/CCL5
are involved in liver inflammation, fibrosis, and
steatosis,[14,15] leading to promising therapeutic targets
for the treatment of NASH.

Cenicriviroc (CVC) is a novel, orally administered,
potent CCR2 and CCR5 receptor antagonist that has

demonstrated antifibrotic effects in animal models.[18–22]

CVC has also been shown to block CCR2 and CCR5 in
phase 2 studies in patients with HIV.[23,24] In adults with
NASH and stage F2 or F3 liver fibrosis in the phase 2b
CENTAUR study,[25] CVC significantly improved fibrosis
compared with placebo (p<0.05), which is linked to
improved clinical outcomes in NAFLD.[26–29] An improve-
ment in liver fibrosis by ≥1 stage without worsening
of NASH was achieved by 20% of CVC-treated patients
versus 10% of placebo-treated patients at year 1 (p=0.02),
[29] and efficacywasmaintained inmost patients at year 2.[30]

The efficacy and safety of CVC were also assessed
in a phase 3, multicenter, randomized, double-blind,
placebo-controlled study (AURORA).[31] This study did
not reach its primary efficacy endpoint of the superiority
of CVC compared with placebo in the improvement of
liver fibrosis by ≥1 stage and no worsening of
steatohepatitis; thus, the further development of CVC
was terminated by the study sponsor.

Herein, we report the long-term safety results of CVC
from the rollover study.

METHODS

Study design

This was an open-label, multicenter study to provide
continued access to CVC and to evaluate the long-term
safety and efficacy of CVC in patients with liver fibrosis
associated with NASH (NCT03059446). This rollover

F IGURE 1 Study design. aParticipants completing treatment periods 1 and 2 of the CENTAUR study or completing the AURORA study as a result
of progression to cirrhosis or reaching an adjudicated liver-associated clinical outcome in either part 1 or part 2 of the study, regardless of their
treatment assignment (CVC or placebo), provided informed consent to this rollover study (study 3152-201-002) before receiving open-label CVC.
Participants were required to roll over within 1 month of completing their final visit assessments in either CENTAUR or AURORA. Participants who
completed the CENTAUR or the AURORA study, before the initiation of this protocol at their study center, were allowed to participate in this rollover
study. bParticipants continued to be seen every 3 months until CVC became commercially available or if development was terminated, as applicable.
Abbreviations: CVC, cenicriviroc; EOS, end of study.
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study was initiated in February 2017 and was termi-
nated early (based on the aforementioned decision of
the sponsor to terminate further development of CVC in
NASH) on February 7, 2021, with a database lock on
April 21, 2021. All patients received oral CVC 150 mg,
administered once daily with food. Adult patients with
NASH who completed treatment periods 1 and 2 in the
CENTAUR study,[29,30] or who completed or reached a
predefined endpoint in the AURORA study (progression
to cirrhosis or an adjudicated liver-associated clinical
outcome) in either part 1 or part 2 of the study,[32] were
eligible to roll over to this continued access study within
1 month of completing their final visit assessments in
either the CENTAUR or AURORA study (Figure 1).

The study was conducted at up to 480 study centers
and in accordance with the Declaration of Helsinki,
International Conference on Harmonisation E6 Good
Clinical Practice guidelines, and all local and national
regulations, and was approved by the relevant institu-
tional review board or independent ethics committee.
Written, informed consent was obtained from all
patients before study participation.

Patient population

Patients who successfully completed treatment periods 1
and 2 of the CENTAUR study, and patients who
completed the AURORA study as a result of reaching
an adjudicated liver-associated clinical outcome [histo-
pathological progression to cirrhosis, model for end-
stage liver disease score of ≥15, ascites requiring
intervention, and hospitalization for ≥24 h for onset of
variceal bleed, hepatic encephalopathy (defined by a
West Haven Stage of ≥2), or spontaneous bacterial
peritonitis (confirmed by diagnostic paracentesis with
positive ascitic fluid bacterial culture)] in part 1 or part 2 of
the study, were eligible to participate in this rollover study
regardless of their treatment assignment (CVC or
placebo). A detailed list of the inclusion and exclusion
criteria for the CENTAUR and AURORA studies has
been described.[25,32] In brief, adult patients (aged ≥18 y)
with histopathological evidence of NASH and the
presence of fibrosis stage 1–3 (CENTAUR F1–3;
AURORA F2–3), as defined by the NASH Clinical
Research Network scoring system and determined by a
central pathologist, were included. Patients with a history
of presence of cirrhosis (fibrosis stage 4), prior or planned
liver transplantation, other known causes of liver disease,
or a known history of HCC were excluded from
participating in the CENTAUR and AURORA studies.

Safety assessments

Baseline visit assessments of patients for this rollover
study took place within 1 month of completing their final

visit assessments in either the CENTAUR or AURORA
study (except in the case of eligible patients who
completed these studies before the initiation of this
protocol at their study center, who were allowed to
participate in this rollover study). Patients were seen in
the clinic every 3months for general safety assessments.
Safety endpoints, which were analyzed by total treatment
duration, included clinical laboratory assessments of
interest, treatment-emergent adverse events (TEAEs)
coded using the Medical Dictionary for Regulatory
Activities version 23.1, treatment-relatedness of TEAEs
as assessed by the investigator, and adverse event
severity, graded as mild (grade 1), moderate (grade 2),
severe (grade 3), life-threatening (grade 4), and death
(grade 5). TEAEs were defined as events that worsened
on or after the treatment start date and within 30 days of
the treatment end date. Treatment-related TEAEs were
defined as TEAEs that were found to be related to
treatment per investigator assessment. Clinical labora-
tory assessments of interest were elevations in serum
biochemistry parameters associated with suspected
DILI, that is, alanine aminotransferase, aspartate amino-
transferase, alkaline phosphatase, or bilirubin.

Statistical analysis

The safety analysis was performed using the safety
population, consisting of all patients who received ≥ 1
dose of CVC. No inferential statistical testing was
conducted. Summaries of demographics, baseline
characteristics, treatment exposure, and safety param-
eters are presented using descriptive statistics for
continuous variables and frequency counts with inci-
dence rates for dichotomous or categorical variables.

RESULTS

Patients and treatment

A total of 167 patients were enrolled and received ≥ 1
dose of CVC 150 mg once daily. The majority of
patients were rolled over from the CENTAUR study
[n= 141 (84.4%); 67 (40.1%) from the CVC group, 74
(44.3%) from the placebo group]. A total of 26 patients
(15.6%) came from the AURORA study [17 (10.2%)
from the CVC group, 9 (5.4%) from the placebo group].
The median treatment duration was 33.6 months
(range, 1–47 mo), and the majority of patients
(71.2%) received CVC for 24 to <48 months
(Figure 2). The total cumulative CVC treatment given
across 167 patients was 411.2 person-years. Before
study termination by the sponsor, 36 patients (21.6%)
prematurely discontinued the study: 16 (9.6%) due to
withdrawal of consent, 11 (6.6%) due to adverse
events, 3 (1.8%) were lost to follow-up, 1 (0.6%) due to
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protocol violation, and 5 (3.0%) due to other reasons.
The study sponsor terminated participation for the
remaining 131 patients.

Baseline patient demographics and characteristics
are shown in Table 1 and were similar between
the CENTAUR and AURORA subgroups, except for
the fibrosis stage. All patients who rolled over from the
AURORA study exhibited cirrhosis (stage 4; n= 26,
100%), while patients who rolled over from the
CENTAUR study had fibrosis stage 0–4; the majority
had stage 1–3 (n=123, 87.2%). The mean (SD) age of
the combined total population was 56.8 (10.4) years,
and more than half of the patients (52.7%) were female.
The majority of patients were white (89.8%), and mean
body mass index (SD) was 33.9 (6.8) kg/m2.

Medical history was reported for 158 (94.6%) of 167
patients. The most frequently reported medical histories
by preferred term occurring in ≥ 40 patients were
hypertension (103 patients, 61.7%), type 2 diabetes
mellitus (74 patients, 42.5%), and gastroesophageal
reflux disease (48 patients, 28.7%).

Safety

TEAEs were reported in 140 of 167 patients (83.8%)
(Table 2). The most common TEAEs reported in ≥10%
of patients were arthralgia (13.2%), diarrhea (12.0%),
and nasopharyngitis (10.2%). The majority of TEAEs
were mild or moderate in intensity (56.9%). Grade 3
(severe) TEAEs were reported in 40 patients (24.0%).
Life-threatening TEAEs were reported in 4 patients
(2.4%) and included gastroenteritis, lipase increased,

hypertriglyceridemia, and HCC, each in 1 patient
(0.6%). No events were considered treatment-related
by the sponsor.

Treatment-related TEAEs, as determined by the
investigator, were reported in 28 patients (16.8%)
(Table 2). The majority of these events were mild in
intensity, and none were life-threatening. The most
common treatment-related TEAEs by System Organ
Class reported in ≥ 5 patients were gastrointestinal
disorders in 9 patients (5.4%) and skin and
subcutaneous tissue disorders in 8 patients (4.8%).
The most common treatment-related TEAEs were
diarrhea in 4 patients (2.4%) and abdominal pain,
nausea, alanine aminotransferase increase, aspartate
aminotransferase increase, hypertriglyceridemia,
myalgia, pruritus, and rash in 2 patients each (1.2%).

Serious TEAEs were reported in 40 patients (24.0%)
(Table 2). The most commonly reported serious TEAEs
were angina pectoris, cellulitis, dehydration, and acute
kidney injury, each occurring in 3 patients, and
legionella pneumonia, acute cholecystitis, sepsis,
basal cell carcinoma, and Bowen disease, each
occurring in 2 patients. All other serious adverse
events were reported in 1 patient. No serious TEAEs
were assessed to be treatment-related by the study
sponsor. There was 1 death during the study, as a result
of a road traffic accident, unrelated to the study
treatment. HCC and decompensation may take longer
to develop than the duration of this study, so these data
were not available to assess.

TEAEs led to permanent discontinuation of CVC in
11 patients (6.6%) (Table 3). Each TEAE occurred in 1
patient. No clinically meaningful mean changes in

F IGURE 2 Study disposition: safety population. Safety population: patients who received ≥1 dose of the study drug. Patients who
discontinued from the study were also discontinued from the study drug.
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hepatic function (Supplemental Table S1, http://links.
lww.com/HC9/A757), chemistry, or liver parameters
were observed from baseline to the end of the study.

DISCUSSION

Overall, CVC 150 mg once daily was well tolerated and
exhibited a favorable safety profile in patients in this
phase 2, open-label, rollover study, with a median
treatment duration of 33.6 months. There were no
safety concerns before the early study termination by
the sponsor. The majority of TEAEs were mild to
moderate in severity, and the most commonly reported
TEAEs were arthralgia, diarrhea, and nasopharyngitis.
Similarly, the majority of treatment-related TEAEs were
mild in severity, and none were life-threatening. The
most common treatment-related TEAE was diarrhea.
There were no clinically meaningful mean changes in

hepatic function, chemistry, or liver parameters from
baseline to the end of the study.

In a phase 3 trial of the farnesoid X receptor agonist
obeticholic acid (25 mg) in patients with NASH, TEAEs
led to treatment drug discontinuation in 83 patients
[13% (n= 658)], whereas in this study, TEAEs led to
treatment drug discontinuation in 10 patients (6.0%).[33]

In another phase 3 trial of pioglitazone (30 mg) in
patients with NASH, no cases of serious hepatotoxicity
requiring permanent discontinuation of the study drug
were reported.[34]

The results of this study are similar to the
safety results observed in the previous phase 2
CENTAUR[29,30] and phase 3 AURORA[31] studies of
CVC 150 mg once daily for the treatment of liver fibrosis
associated with NASH, and confirm the favorable safety
profile of CVC. In the primary 1-year analysis of the
CENTAUR study, the safety and tolerability of CVC
were comparable with those of placebo, with a similar

TABLE 1 Baseline patient demographics and characteristics

Parameter
Total population

(N=167)
CENTAUR subgroup

(n= 141)
AURORA subgroup

(n= 26)

Age, mean (SD), y 56.8 (10.4) 56.6 (10.4) 58.0 (10.3)

Female, n (%) 88 (52.7) 70 (49.7) 18 (69.2)

Race, n (%)

White 150 (89.8) 124 (87.9) 26 (100)

Black or African American 4 (2.4) 4 (2.8) 0

Asian 9 (5.4) 9 (6.4) 0

American Indian or Alaska Native 1 (0.6) 1 (0.7) 0

Native Hawaiian or Other Pacific
Islander

2 (1.2) 2 (1.4) 0

Other 1 (0.6) 1 (0.7) 0

Ethnicity, n (%)

Hispanic or Latino 24 (14.4) 18 (12.8) 6 (23.1)

Not Hispanic or Latino 143 (85.6) 123 (87.2) 20 (76.9)

Body weight, mean (SD), kg 96.8 (22.4) 96.1 (22.8) 100.6 (19.7)

BMI, mean (SD), kg/m2 33.9 (6.8) 33.8 (6.9) 34.9 (6.1)

Type 2 diabetes, n (%)a 87 (52.1) 74 (52.5) 13 (50.0)

Serum biochemistry

Albumin, mean (SD), g/L 45.1 (3.0) 45.1 (2.8) 44.7 (3.8)

ALT, mean (SD), U/L 54.8 (35.3) 54.0 (35.2) 60.6 (35.9)

AST, mean (SD), U/L 44.4 (27.5) 42.5 (26.7) 55.2 (29.5)

ALP, mean (SD), U/L 81.9 (29.4) 78.8 (21.4) 99.9 (52.5)

Bilirubin, mean (SD), mg/dL 0.529 (0.3) 0.531 (0.326) 0.527 (0.331)

Platelet count, mean (SD), 109/L 230.8 (67.8) 233.4 (68.9) 217.2 (60.9)

Fibrosis stage, n (%)a

0 6 (3.6) 6 (4.3) 0

1 39 (23.3) 39 (27.7) 0

2 47 (28.1) 47 (33.3) 0

3 37 (22.2) 37 (26.2) 0

4 34 (20.4) 8 (5.7) 26 (100)

aData from 4 patients in the CENTAUR study were not captured.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index.
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incidence of TEAEs, which were generally grade 1 or
grade 2 in severity.[29] The most common treatment-
related grade ≥ 2 TEAEs in the CVC group were
fatigue, diarrhea, and headache.[29] Similar results were
reported in the final 2-year analysis, with a comparable
incidence of TEAEs in the CVC and placebo groups, the
majority of which were grade 1 or grade 2 in severity.[30]

The AURORA study included 1185 patients treated
with CVC and 593 patients treated with a placebo in the
safety population of the full study cohort.[31] CVC 150 mg
was generally well tolerated, with a similar profile to
placebo except for a higher incidence of nausea,
sinusitis, increased alanine aminotransferase, increased
aspartate aminotransferase, and nephrolithiasis. There

were no fatal or life-threatening TEAEs. TEAEs consid-
ered by the investigator to be treatment-related were
numerically similar between CVC and the placebo group.
CVC has also demonstrated a favorable safety and
tolerability profile in more than 1200 patients, including
those with HIV-1 and hepatic impairment.[35]

CONCLUSIONS

The safety results from this rollover study demonstrated
that CVC 150 mg once daily is well tolerated in patients
with stage 0–4 liver fibrosis associated with NASH and
has a favorable safety profile, consistent with the
previous phase 2 CENTAUR and phase 3 AURORA
studies that assessed the safety and efficacy of CVC
in adults with NASH and liver fibrosis. No new safety
signals were reported.

DATA AVAILABILITY STATEMENT
AbbVie is committed to responsible data sharing
regarding the clinical trials we sponsor. This includes
access to anonymized, individual-level and trial-level
data (analysis data sets), as well as other information

TABLE 2 Incidence of TEAEs

n (%)

Total population
CVC 150 mg
once daily
(N= 167)

Any TEAE 140 (83.8)

Treatment-related TEAE 28 (16.8)

Serious TEAEs 40 (24.0)

Deaths 1 (0.6)

TEAEs by severity

Mild (grade 1) 28 (16.8)

Moderate (grade 2) 67 (40.1)

Severe (grade 3) 40 (24.0)

Life-threatening (grade 4) 4 (2.4)

TEAEs reported in ≥5% of patients

Arthralgia 22 (13.2)

Diarrhea 20 (12.0)

Nasopharyngitis 17 (10.2)

Influenza 14 (8.4)

Nausea 13 (7.8)

Rash 13 (7.8)

Abdominal pain 12 (7.2)

Abdominal pain upper 12 (7.2)

Constipation 12 (7.2)

Bronchitis 12 (7.2)

Diabetes mellitus 12 (7.2)

Fatigue 10 (6.0)

ALT increased 10 (6.0)

Sinusitis 9 (5.4)

Upper respiratory tract infection 9 (5.4)

Headache 9 (5.4)

Cough 9 (5.4)

Hypertension 9 (5.4)

Treatment-related TEAEs reported in ≥ 5% of patients

Gastrointestinal disorders 9 (5.4)

Skin and subcutaneous tissue
disorders

8 (4.8)

Abbreviations: ALT, alanine aminotransferase; CVC, cenicriviroc; TEAE, treat-
ment-emergent adverse event.

TABLE 3 TEAEs leading to permanent discontinuation of CVC

n (%)

Total
population
CVC 150 mg
once daily
(N= 167)

Time from
treatment day 1
to AE onset date
(median months)

(n=13)

Any TEAE leading to
permanent
discontinuation

11 (6.6) Median (25th, 75th
percentile): 14.77

(5.39, 24.06)

ALT increasea 1 (0.6) 2.86

Arthralgia 1 (0.6) 0.20

AST increasea 1 (0.6) 2.86

Blood bilirubin
increasea

1 (0.6) 2.86

COVID-19 pneumonia 1 (0.6) 18.45

Diabetes mellitus 1 (0.6) 27.40

Fatigue 1 (0.6) 5.39

HCC 1 (0.6) 35.00

Hypertriglyceridemia 1 (0.6) 14.77

Invasive lobular breast
carcinoma

1 (0.6) 21.68

Ovarian cancer 1 (0.6) 12.40

Procedural painb 1 (0.6) 24.04

Renal cancer 1 (0.6) 9.87

Patients are counted only once within each preferred term.
aThe same patient had all 3 TEAEs.
bLed to the patient discontinuing the drug, not the study.
Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; CVC, cenicriviroc; TEAE, treatment-emergent
adverse event.
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(eg, protocols and Clinical Study Reports), as long as
the trials are not part of an ongoing or planned
regulatory submission. This includes requests for
clinical trial data for unlicensed products and
indications.

This clinical trial data can be requested by any qualified
researchers who engage in rigorous, independent scien-
tific research, and will be provided following review and
approval of a research proposal and Statistical Analysis
Plan (SAP) and execution of a Data Sharing Agreement
(DSA). Data requests can be submitted at any time and
the data will be accessible for 12 months, with possible
extensions considered. For more information on the
process, or to submit a request, visit the following link:
https://www.abbvie.com/our-science/clinical-trials/clini-
cal-trials-data-and-information-sharing/data-and-informa-
tion-sharing-with-qualified-researchers.html.
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