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METHODS
Preclinical Studies
Single oral doses of [14C]-labeled cenicriviroc (3 mg/kg) were administered 
to Sprague-Dawley rats, beagle dogs, and cynomolgus monkeys to 
evaluate the ADME of cenicriviroc in these species (Figure 1). Absorption 
was assessed by maximum concentration (Cmax), time to Cmax (tmax), 
elimination half-life (t1/2), and 24-hour area under the concentration-
time curve (AUC0-24) in plasma. Distribution was assessed by measuring 
concentrations of [14C]cenicriviroc in the blood, plasma, brain, spinal 
cord, pituitary gland, eyeball, Harder’s gland, submaxillary gland, thyroid, 
thymus, heart, lung, and liver of rats. In vitro oxidative metabolism 
studies of cenicriviroc (1 and 10 μmol/L) were undertaken in hepatic 
microsomes from rats, mice, dogs, monkeys, and humans in the presence 
of a nicotinamide adenine dinucleotide phosphate (NADPH)–generating 
system with and without S-adenosyl-L-methionine (SAM), in which 
metabolite levels were assessed. The cytochrome P450 (CYP) isoforms 
involved in the oxidative metabolism of cenicriviroc and cenicriviroc 
inhibition of CYP isoforms were assessed in human microsomes after 
incubation at 37°C for 120 min (n=2 tests per CYP isoform). Excretion 
was determined by assessment of radiolabel in urine, feces and bile 
of the rats dogs and monkeys. Anti-HIV activity of cenicriviroc and its 
metabolites, M-I and M-II, was assessed in a replication assay using CCR5-
tropic HIV-1, strain JR-FL, in human peripheral blood mononuclear cells 
(PBMC), and the ratio of the metabolite 50% effective concentration 
(EC50) to the EC50 of cenicriviroc was calculated.

Clinical Study
Healthy volunteers were randomly assigned to receive under fasted 
conditions single doses of cenicriviroc (10, 25, and 100 mg [Cohort 1]  
or 100, 400, and 800 mg [Cohort 2]) using 5- and 25-mg tablets in  
Cohort 1 and 100-mg tablets in Cohort 2. Each dose group 
contained ten subjects on active drug and two subjects on 
placebo. Doses were separated by a 7-day washout in Group 1 
and a 10-day washout in Group 2. Standard pharmacokinetic (PK) 
parameters were determined from plasma samples drawn prior to 
dosing and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, 48, 60, 72, and  
96 hours postdose for all subjects; those in Cohort 2 had additional 
blood drawn at hour 120 postdose.

results
Cenicriviroc was well absorbed in rats, dogs, and monkeys. The oral 
bioavailability of cenicriviroc was 10.2%, 88.5%, and 15.6% for fasted 
rats, dogs, and monkeys, respectively, compared with 6.4%, 22.8%, and 
12.9% for fed rats, dogs, and monkeys, respectively (Figure 2). These 
results suggested that feeding decreased the oral bioavailability of 
cenicriviroc in rats and dogs, but not in monkeys.

CONCLUSIONS
•	Single-dose oral administration of cenicriviroc showed predictable 

PK in all species tested, with an affinity for uptake in lymph nodes, 
stomach, and intestinal tissues and elimination primarily as unchanged 
cenicriviroc in feces.

•	Cenicriviroc demonstrated good oral bioavailability in all species tested, 
a long plasma half-life in humans, and was generally well tolerated. 

•	CYP3A4 and CYP2C8 were the isoforms predominantly involved in 
the oxidative metabolism of cenicriviroc. 

•	Cenicriviroc had no inhibitory effects on CYP-mediated activity and no 
inductive effect on the activity of CYP3A4 in human hepatocytes.

•	The preclinical and clinical profile of cenicriviroc from these studies 
is well characterized and supports the continued development of 
cenicriviroc for the treatment of HIV infection. A phase 2b study is 
expected to begin enrolling in the second quarter of 2011.

ACKNOWLEDGEMENTS
Thanks to the investigators, the subjects, the study personnel, and to 
medical writers, Robert Grosso and Sally Snyder.

Reference
1.	Palleja S et al. CROI 2010. Oral Abstract (Paper #53).  
	 http://retroconference.org/2010/Abstracts/37579.htm 

objectives
To present the absorption, distribution, metabolism, and excretion 
(ADME) of cenicriviroc in rats, dogs, monkeys, and humans, including 
cytochrome P450 isoform binding properties.

INTRODUCTION
Cenicriviroc (CVC) is a potent CCR5/CCR2 antagonist currently in 
phase 2 development for the treatment of HIV infection. In a recently 
completed 10-day monotherapy study, median reductions in plasma 
HIV-1 RNA levels of up to 1.8 log10 copies/mL were observed in 
antiretroviral-experienced patients with CCR5-tropic virus.1 Based on 
these results, a phase 2b study is being planned.

Figure 1. [14C]-Labeled Cenicriviroc

*Indicates position of radiolabel.
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Figure 2. Effect of Feeding on Concentrations (Mean±SD) of 
Cenicriviroc in Plasma of Rats, Dogs, and Monkeys Given a 
Single, Oral, Radiolabeled Dose 0
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Figure 3. Mean Concentrations of 14C in Tissues of Rats (n=3) 
Given a Single, Oral Dose of [14C]Cenicriviroc

In rats, [14C]cenicriviroc was widely distributed in tissues, primarily 
in the intestines, lymph nodes, and stomach (Figure 3). Unchanged 
cenicriviroc was a major component present in mesenteric lymph fluid 
(Figure 4); the ratio of unchanged cenicriviroc to total 14C was 83.2%, 
suggesting that unchanged cenicriviroc is efficiently distributed to 
mesenteric lymph fluid, one of its target tissues. Radioactivity in most 
tissues decreased to very low levels by 7 days after dosing.
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Figure 4. Concentrations of Cenicriviroc in Plasma and Mesenteric 
Lymph Fluid of Rats Given a Single, Oral, Radiolabeled Dose 

Each concentration represents the analytical value for pooled samples at each sampling point (n=4).

DISCUSSION
The ADME profile of cenicriviroc in rats, dogs, and monkeys showed 
good bioavailability and strong uptake in stomach, lymph, and 
intestinal tissues. The oxidative metabolism of cenicriviroc was 
primarily by means of the CYP3A4 and CYP2C8 isoforms. Studies are 
underway to evaluate the effect of CYP3A4 inhibitors on the PK of 
cenicriviroc. Because cenicriviroc had no inhibitory effects on CYP-
specific activities and no inductive effect on the activity of CYP3A 
in human hepatocytes, it is unlikely that cenicriviroc will produce 
clinically relevant changes in the PK of coadministered drugs. 
Elimination of cenicriviroc was primarily as unchanged drug through 
the feces, although minor amounts of metabolites M-I and M-II were 
also found.

In humans, cenicriviroc was readily absorbed after oral administration 
of the 10 to 800 mg under fasted conditions, with median tmax 
occurring about 3 to 6 hours postdose across dose levels. The 25-mg 
tablet formulation given to Cohort 1 resulted in nearly dose-
proportional increases in Cmax and AUC. Cenicriviroc was eliminated 
from plasma with a mean half-life of approximately 32 to 39 hours 
across the wide dose range studied, suggesting nearly linear 
elimination kinetics. Cenicriviroc was generally safe and well tolerated 
with no dose-limiting toxicities identified.
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Figure 5. Structure of the M-I Metabolite of Cenicriviroc

Figure 6. Structure of the M-II Metabolite of Cenicriviroc
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Figure 7. In Vitro M-II Formation With Hepatic and  
Intestinal Microsomes

CYP1A4

CYP1A1

CYP1A6

CYP1C8

CYP1D6CY
P 

Is
of

or
m

s

Elimination or Formation Rate (pmol/h/pmol P450)
0

CYP1A2

CYP1B6

CYP1C9*1
CYP1C19

CYP1E1

0.5 2.5 31 1.5 2

CVC Elimination
M-I Formation
M-II Formation
T-1184803 Formation
T-1169518 Formation

Figure 8. Mean In Vitro Metabolism of [14C]Cenicriviroc With 
Microsomes Expressing Human CYP Isoforms
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Figure 9. Mean Inhibitory Effect of Cenicriviroc on Marker Enzyme 
Activities of Microsomes Expressing Human CYP Isoforms

CYP1A1, 1A2: 7-ethoxyresorufin O-deethylation; CYP2A6: coumarin 
7-hydroxylation; CYP2B6: ethoxycoumarin O-deethylation; CYP2C8, 
2C9(Arg), 2C9(Cys): tolbutamide hydroxylation; CYP2C19: (S)-mephenytoin 
4′-hydroxylation; CYP2D6: (+)-bufuralol 1′-hydroxylation; CYP2E1: 
4-nitrophenol hydroxylation; CYP3A4: testosterone 6β-hydroxylation.

The absorbed radioactivity was excreted predominantly into feces via the 
hepatobiliary route in rats, dogs, and monkeys. Unchanged cenicriviroc 
was the major component in the feces of these animals, but M-I and M-II 
were also detected as minor components (data not shown). 

The antiretroviral in vitro EC50 ratios of M-I and M-II to cenicriviroc were 
4.1 and >100,000, indicating nearly equal antiviral activity in the minor 
metabolite and no antiviral activity in the major metabolite compared 
to cenicriviroc.

In humans, cenicriviroc was eliminated from plasma with linear PK 
as shown by the similar half-lives (mean ~35 hours) across all dose 
levels (Table 1, Figure 10). Cenicriviroc was generally safe and well 
tolerated in this healthy subject population when administered over a 
dose range of 10 to 800 mg.
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Figure 10. Plots of Mean Cmax and AUC0-inf of Cenicriviroc vs. 
Dose in Cohort 1 (10–100 mg)

Table 1. PK Parameters of Cenicriviroc Following Single Doses 
Administered Under Fasted Conditions
Treatment/ 
Dose Level Units

Cmax
(ng/mL)

tmax*
(h)

AUC0-inf
(h*ng/mL)

t1/2
(h)

Cohort 1

10 mg 
(2 x 5 mg)

Mean* 15.7 3.0 258 34.5
% CV 22 – 23 26
Min 11.1 2.0 176 24.6
Max 21.7 4.0 336 50.1

25 mg 
(1 x 25 mg)

Mean* 39.4 4.0 699 35.2
% CV 23 – 25 30
Min 29.5 3.0 514 22.7
Max 57.1 6.0 1031 55.7

100 mg
(4 x 25 mg)

Mean* 173 4.0 3171 33.2
% CV 22 – 18 19
Min 128 3.0 2297 22.3
Max 220 6.0 4202 41.4

Cohort 2

100 mg
(1 x 100 mg)

Mean* 56.9 4.0 1042 36.6
% CV 54 – 60 18
Min 31.2 3.0 501 27.4
Max 138 4.0 2694 50.4

400 mg
(4 x 100 mg)

Mean* 321 6.0 5639 39.3
% CV 57 – 46 27
Min 92.3 3.0 1687 23.5
Max 719 8.0 8543 58.2

800 mg
(8 x 100 mg)

Mean* 325 4.0 6864 32.1
% CV 30 – 35 14
Min 186 3.0 4024 27.3
Max 469 8.0 10646 41.3

Min=minimum; Max=maximum. *Median values are displayed for tmax.

In vitro oxidative metabolic studies on cenicriviroc with hepatic microsomes 
did not reveal the presence of any metabolite unique to humans (data 
not shown). Whereas no M-II metabolite was found in rats, dogs, and 
monkeys in these studies, the M-I and M-II metabolites (Figures 5 and 6) 
represented ~10% (not shown) and ~40% (Figure 7) of the cenicriviroc 
concentrations, respectively, of the cenicriviroc concentrations in human 
tissue in the presence of both NADPH and cofactor SAM. The CYP450 
isoforms mainly involved in the oxidative metabolism of cenicriviroc 
were determined to be CYP3A4 and CYP2C8 (Figure 8). Cenicriviroc had 
no inhibitory effects on CYP-specific activities and no inductive effect on 
the activity of CYP3A in human hepatocytes (Figure 9).


