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Phase II Study of Vicriviroc versus Efavirenz (both
with Zidovudine/Lamivudine) in Treatment-Naive
Subjects with HIV-1 Infection
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Background. Vicriviroc (VCV) is a CCR5 antagonist with nanomolar activity against human immunodeficiency
virus (HIV) replication in vitro and in vivo. We report the results of a phase II dose-finding study of VCV plus dual
nucleoside reverse-transcriptase inhibitors (NRTIs) in the treatment-naive HIV-1-infected subjects.

Methods. This study was a randomized, double-blind, placebo-controlled trial that began with a 14-day com-
parison of 3 dosages of VCV with placebo in treatment-naive subjects infected with CCR5-using HIV-1. After 14 days
of monotherapy, lamivudine/zidovudine was added to the VCV arms; subjects receiving placebo were treated with
efavirenz and lamivudine/zidovudine; the planned treatment duration was 48 weeks.

Results.  Ninety-two subjects enrolled. After 14 days of once-daily monotherapy, the mean viral loads decreased
from baseline values by 0.07 log,, copies/mL in the placebo arm, 0.93 log,, copies/mL in the VCV 25 mgarm, 1.18 log,
copies/mL in the VCV 50 mg arm, and 1.34 log,, copies/mL in the VCV 75 mg arm (P < .001 for each VCV arm vs.
the placebo arm). The combination-therapy portion of the study was stopped because of increased rates of virologic
failure in the VCV 25 mg/day arm (relative hazard [RH], 21.6; 95% confidence interval [CI], 2.8 -168.9) and the VCV

50 mg/day arm (RH, 11.7; 95% CI, 1.5-92.9), compared with that in the control arm.

Conclusions.

VCV administered with dual NRTIs in treatment-naive subjects with HIV-1 infection had in-

creased rates of virologic failure, compared with efavirenz plus dual NRTIs. No treatment-limiting toxicity was
observed. Study of higher doses of VCV as part of combination therapy is warranted.

Increasing rates of resistance, long-term metabolic and
end-organ toxicities are driving factors in the develop-
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ment of novel agents and regimens for HIV-infected
treatment-naive persons [1-9].

C-C motif chemokine receptor 5 (CCR5) is one of 2
clinically important coreceptors used by HIV during
CD4 cell entry. CCR5-using (i.e., R5) virus predomi-
nates early in infection, with ~80% of subjects harbor-
ing subtype B virus exhibiting CCR5 use exclusively
[10-12]. CCRS5 has been a target for HIV therapeutics
since the observation that congenital absence confers re-
sistance to infection with minimal clinical sequellae [13,
14]. Moreover, CCR5A32 heterozygotes have evidence
of slowed HIV disease progression [15-17].
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Theoretically, the use of CCR5 antagonists may select for
CXCR4-using (i.e., X4) viral populations, which have been as-
sociated with rapid disease progression [18]. Whether emer-
gence of X4 virus accelerates disease progression or is a manifes-
tation of advancing disease is unclear [19-21]. Vicriviroc (VCV
[SCH-D, SCH 417690]) is a small-molecule antagonist of CCR5
that is potent at nanomolar concentrations, is highly specific for
the primate CCR5 receptor, and has excellent oral bioavailability
with minimal preclinical evidence of cardiac toxicity [22-24].

In a phase 1 study involving HIV-infected treatment-naive
subjects, VCV monotherapy was associated with a decrease of
1.6 log; HIV RNA copies/mL at 14 days and was found to be safe
at twice-daily doses of 10 mg, 25 mg, and 50 mg [24]. Given the
linear and predictable pharmacokinetic profile of VCV and its
mean half-life of 16—17 h, once-daily dosing was selected for
further evaluation.

SUBJECTS, MATERIALS, AND METHODS

Study design. This was a phase II, randomized, double-blind,
placebo-controlled, multicenter study designed to evaluate the
efficacy of 3 once-daily doses of VCV in treatment-naive subjects
infected with R5 virus. Subjects were excluded if they had re-
ceived antiretroviral therapy (ART) for a cumulative duration of
>2 weeks, if they had ever had X4 or dual/mixed virus (i.e., virus
capable of using CCR5 and/or CXCR4; hereafter, “DM virus”)
recovered, or if they had received ART during the 2-month pe-
riod before randomization.

After screening, eligible subjects were randomized 1:1:1:1 to
receive double-blinded, once-daily VCV (25 mg, 50 mg, or 75
mg) monotherapy or placebo for 14 days. During the subsequent
46-week combination-therapy phase, subjects in the VCV arms
continued to receive VCV treatment and lamivudine/zidovu-
dine (3TC/ZDV) twice daily was added, whereas subjects in the
placebo arm received open-label efavirenz (EFV) 600 mg daily
plus 3TC/ZDV twice daily.

Discontinuation of treatment because of virologic failure was
mandated if =1 of the following criteria were met: the HIV-1
RNA load was confirmed by retesting to have decreased by <1.0
log;y copies/mL between baseline and week 4, the HIV-1 RNA
load was confirmed by retesting to be >400 copies/mL on or
after week 20, the HIV-1 RNA load was confirmed by retesting to
have become detectable (defined as a load of >400 copies/mL)
after a period of undetectability, and/or DM or X4 virus was
detected. During the combination-therapy phase, subjects who
developed treatment-limiting toxicity or intolerance were al-
lowed to make within-class substitutions (stavudine and nevira-
pine were provided for treatment-limiting toxicity due to ZDV
and EFV, respectively; no substitution was provided for intoler-
ance to VCV). Subjects who experienced virologic failure were
discontinued from the study and treated according to standard

local HIV therapy guidelines, under direction of treating physi-
cians.

Study population.
retroviral-naive HIV-infected adults (age, =18 years) with a
plasma HIV-1 RNA level of =5000 copies/mL, as determined by
the Amplicor HIV-1 Monitor test, version 1.5 (Roche Molecular
Systems), and a CD4 cell count of =150 cells/mm?. HIV-1 from
all subjects was tested for phenotypic susceptibility to VCV (de-

The study population comprised anti-

fined in terms of the maximum percentage inhibition [MPI] and
the ICs) and for tropism. Subjects were excluded from the study
if DM or X4 virus was detected by the PhenoSense Entry assay
(currently marketed as Trofile [Monogram Biosciences] [25]).
Other exclusion criteria included seizure disorder, evidence of
seizure-predisposing conditions in the central nervous system,
hepatitis C virus coinfection with active viremia, hepatitis B vi-
rus coinfection with circulating surface antigen, and pregnancy
or breast-feeding. Subjects with baseline genotypic evidence of
resistance to EFV, 3TC, or ZDV were excluded. Voluntary writ-
ten informed consent was obtained from all subjects. Institu-
tional review boards at each site approved the study protocol and
documents.

Study procedures. Study visits occurred weekly during the
first 4 weeks of treatment, at 4-week intervals during weeks 5-24,
and at 8-week intervals during weeks 25—-48. CD4 cell counts
were measured at weeks 2, 4, 12, 20, 24, 32, 40, and 48. Corecep-
tor tropism and susceptibility to VCV were measured at baseline,
day 1, day 14, week 24, week 48, and at the time of virologic
failure or early treatment discontinuation. VCV levels were as-
sessed for population pharmacokinetic analysis at the time of
virologic failure and for all subjects remaining on study at the
time of discontinuation of the VCV 25 mg arm.

Pregnancy testing was performed for women at baseline and
day 1 and was repeated if pregnancy was suspected. CCR5A32
genotype was assayed at baseline, and CCR5 mRNA expression
was measured at baseline and at day 14 for subjects who con-
sented to genetic testing. Adherence to therapy was measured by
pill counts and patient report at each visit.

Information on adverse events and clinical characteristics was
collected at each visit. Adverse events were graded according to
the toxicity grading scale of the AIDS Clinical Trials Group
(available at: http://www3.niaid.nih.gov/research/resources/
DAIDSclinicalresearch/PDF/safety/ DAIDSAEGradingTable
.pdf). An independent data safety monitoring board (DSMB)
monitored the progress and results of the study.

Subjects who met criteria for virologic failure, had treatment-
limiting adverse events despite allowable drug substitution, or
had DM or X4 virus were discontinued from the study. Investi-
gators were provided data on genotypic and phenotypic resis-
tance (determined by means of the PhenoSense assay [Mono-
gram BioSciences]), coreceptor use, and VCV susceptibility in
order to optimize subsequent treatment.
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Table 1.

Baseline demographic and clinical characteristics of study subjects.

Vicriviroc arm, by dosage

Placebo/
Total 25 mg QD 50 mg QD 75 mg QD EFV control
Characteristic (n=92) (n = 23) (n = 22) (n = 23) arm (n = 24)
Age, median (IQR), years 37 (33-41) 37 (33-42) 36 (31-41) 37 (33-40) 38.5 (33-42.5)
Female sex 18 (20) 5 (23) 2(9) 7 (30) 4(17)
Race
White 79 (86) 21(91) 21 (95) 16 (70) 21(88)
Black 11 (12) 2 (9) 0 6 (26) 3(13)
Other 2(2) 0 1(5) 1(4) 0
Ethnicity
Latino 15 (16) 6 (26) 4(18) 2(9) 3(13)
Non-Latino 77 (84) 17 (74) 18 (82) 21 (91) 21 (88)
HIV-1 RNA load?
Median (IQR), log;o copies/mL 479 (4.39-5.12) 4.78(4.45-5.03) 4.92(4.43-5.12) 4.80(4.27-5.12)  4.70 (4.46-5.19)
=100,000 copies/mL 33 (36) 6 (26) 9(41) 8 (35) 10 (42)
<100,000 copies/mL 59 (64) 17 (74) 13 (59) 15 (65) 14 (58)
CD4 cell count,® median (IQR), cells/mm? 290 (231-347) 286 (246-334) 292 (229-322) 295 (239-371) 286 (214-363)

NOTE. Data are no. (%) of study subjects, unless otherwise indicated. IQR, interquartile range; QD, once daily.

@ Comparisons between study arms were made by analysis of variance and the Kruskall-Wallis test. No P values were statistically significant.

mRNA analysis.
ized tubes (PAXgene), and RNA was prepared according to the
manufacturer’s instructions. The quantity and quality of

Peripheral blood was collected in special-

isolated RNA was analyzed using RNA nano chips (Agilent
Technologies). TagMan primers and probes were designed with
Universal Probe Library Assay Design software (Roche). Quan-
titative polymerase chain reaction (PCR) was performed with an
ABI Prism 7900HT Sequence Detection System (Applied Biosys-
tems). PCR reactions were prepared using the components from
the iScript Custom One-Step reverse transcription (RT)-PCR
kit with ROX and assembled according to the manufacturer’s
instructions (Bio-Rad). Final concentrations of primers and
probes were 200 nmol/L and 100 nmol/L, respectively. Probes
were labeled with 6-carboxyfluorescein. Each 10-uL PCR reac-
tion contained 2 uL (20 ng) of RNA. RT-PCR reactions were
performed in triplicate in a 384-well plate. A eukaryotic 18S
rRNA endogenous control probe/primer set (ABI) was used as
an internal control for RNA quality. PCR data were quantitated
using a 12-point standard curve generated by means of 4-fold
serial dilutions of a cDNA containing the gene of interest. CCR5
expression was normalized to 18S RNA levels.

Statistical analysis. All analyses were based on the modi-
fied intent-to-treat (ITT) principle (i.e., data for all randomized
subjects who received at least 1 dose of a study drug were in-
cluded). The primary study end point was the mean change in
the log;o HIV-1 RNA load from baseline to day 14.

Changes from baseline HIV-1 RNA loads and CD4 cell counts
were analyzed using an analysis of variance (ANOVA) model
with treatment as the covariate. For subjects with a missing
HIV-1 RNA or CD4 cell measurement, the last observation
made after baseline was carried forward. The Fisher exact test

was used to compare proportions of subjects for whom the
HIV-1 RNA load changed by at least 1.0 log,, copies/mL, those
who maintained an HIV-1 RNA load of <50 copies/mL, and
those who maintained an HIV-1 RNA load of <400 copies/mL.
Kaplan-Meier analysis was used to investigate the time to viro-
logic failure, and treatment arms were compared using the log-
rank test. Cox proportional hazards modeling was used to com-
pare event rates. Association between the reduction in the HIV-1
RNA load by day 14 and long-term response or virologic failure
among subjects receiving VCV was also explored using logistic
regression. Analyses were conducted using SAS, version 8 (SAS
Institute). Analysis of CCR5 expression was performed using
Graphpad Prizm, and mean values were compared using the
Student ¢ test and ANOVA. The study was planned to ensure
90% power to detect a difference of 1.0 log,, copies/mL from the
baseline HIV-1 RNA load between the VCV 75 mg arm and the
placebo arm, assuming a standard deviation of 0.7 log,, copies/
mL.

RESULTS

Ninety-two subjects entered the study between July 2004 and
May 2005. Eighty percent were male, and 86% were white. The
median baseline CD4 cell count was 290 cells/mm?, and the me-
dian HIV-1 RNA load was 4.79 log,, copies/mL; 36% of subjects
had a baseline HIV-1 RNA load of =100,000 copies/mL. Base-
line characteristics were balanced across treatment groups (table
1). Sixty-three subjects had samples suitable for CCR5A32
mutation assessment. Eight subjects were heterozygous for
CCR5A32, and the remaining 55 were homozygous for the wild-
type allele.
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Subject disposition at conclusion of monotherapy. One
subject receiving VCV monotherapy was lost to follow-up.
Ninety-one subjects completed the monotherapy phase. Eighty-
eight subjects (97%) entered the combination-therapy phase.
Three subjects receiving placebo elected not to continue into the
combination phase.

HIV-1 RNA response at day 14. The mean decrease in the
HIV-1 RNA load from baseline to day 14 was 0.93 log,, cop-
ies/mL for the VCV 25 mgarm, 1.18 log,, copies/mL for the VCV
50 mg arm, 1.34 log;, copies/mL for the VCV 75 mg arm, and
0.07 log,, copies/mL for the placebo arm (P < .001 for each
VCV arm vs. the placebo arm, by modified ITT analysis) (figure
1A).

Interim analyses: combination-therapy phase. A planned
DSMB review at the time of primary end point completion by all
subjects noted a trend toward increased rates of persistent vire-
mia of =50 copies/mL in the VCV arms and recommended that
all study arms continue to receive therapy. All subsequent deci-
sions were made on the basis of the more rigorous 50 copies/mL
threshold for virologic failure. Follow-up review 4 weeks later
demonstrated that the rate of virologic failure in the VCV 25 mg
arm was greater than that in the control arm (relative hazard
[RH], 21.6; 95% confidence interval [CI], 2.8-168.9). The
DSMB recommended that the VCV 25 mg arm be terminated.
Treatment for all subjects in this arm was unblinded and discon-
tinued regardless of viral load suppression status, and CD4 cell
and HIV-1 RNA findings were censored. The median treatment
duration at the time of arm discontinuation was 24.4 weeks
(range, 7.9-53.4 weeks). The DSMB recommended that the
VCV 50 mg and 75 mg arms continue with ongoing monthly
monitoring. In subsequent follow-up analysis, the board noted
that the rates of virologic failure in the VCV 50 mg arm (RH,
11.7; 95% CI, 1.5-92.9) and the pooled 50 mg and 75 mg arms
(RH, 7.8;95% CI, 1.0-59.9) were greater than that in the control
arm and recommended study termination. The sponsor con-
curred and terminated the study. At the time of termination, the
rate of virologic failure in the VCV 75 mg arm was not statisti-
cally different from that in the control arm (table 2). The median
durations of treatment at the time of discontinuation were 32.7
weeks (range, 1.1-57.4 weeks) in the VCV 50 mg arm, 36.3 weeks
(range, 6.3—59.0 weeks) in the VCV 75 mg arm, and 35.8 weeks
(duration, 2.0-50.0 weeks) in the control arm. All subjects dis-
continued study medication at the time of study closure. Data on
CD4 cell counts and viral loads were censored upon discontin-
uation, and subsequent treatment was pursued at the investiga-
tor’s discretion. Virologic decay curves for all subjects are de-
picted in figure 1B. At study termination, the times to failure
were shorter in the VCV 25 mgarm (P < .001) and VCV 50 mg
arm (P = .003) but not the VCV 75 mg arm (P = .140), com-
pared with the control arm (figure 2).

Of the 88 treated subjects in the combination-therapy phase,
14 (17%) completed 48 weeks of treatment. Treatment was not

completed because of study termination (for 54 subjects [61%]),
virologic failure (for 18 [20%]), an adverse event (for 1 [1%]),
and withdrawal of consent (for 1 [1%]).

At week 24, all treat-
ment groups achieved sizable increases in mean CD4 cell counts;

Immunologic and virologic response.

these changes were not significantly different between treatment
groups (table 2). The mean reduction in the HIV-1 RNA load
between baseline and week 24 was smaller in the VCV 25 mg arm
(2.43 logy, copies/mL; P = .003) and 75 mgarm (2.65 log,, cop-
ies/mL; P = .02), compared with the EFV control arm (3.20
log,o copies/mL).

Adherence. Adherence rates were calculated as the percent-
age of days during the treatment period that were covered by
drug exposure, using pill counts and patient self-reports. All
subjects reported 100% adherence during the monotherapy
phase. During the combination-therapy phase, adherence rates
were >98.6%.

Changes in coreceptor use.
(DM virus was detected in 7, and X4 virus was detected in 1).

X4 virus emerged in 8 subjects

Three of the 8 observed changes in tropism occurred in the pla-
cebo group without exposure to VCV (all involved DM virus), 1
was observed in the VCV 25 mg group (DM virus), and 4 were
observed in the VCV 75 mg group (3 involved DM virus, and 1
involved X4 virus). Most (6 of 8) tropism changes were detected
on or before day 14, including the emergence of X4 virus.

Two of 3 subjects with non-R5 virus by day 14 who were re-
ceiving VCV, including the subject with X4 virus, experienced
no suppression of viral load during the monotherapy period. For
2 subjects in whom changes in coreceptor use were not observed
until week 24, the HIV-1 RNA load decreased by >1 log,, cop-
ies/mL and the CD4 cell count increased by >150 CD4 cells/
mm? at the time of DM detection (table 3).

Pharmacokinetics. The pharmacokinetic variables C.,
(trough plasma concentration), C,,,, (peak plasma concentra-
tion), and AUC (area under the curve) increased linearly with
the VCV dose and were consistent with predictions from phase 1
studies (table 4). C,;, appeared to correlate with a reduction in
the log,, viral load at day 14 (figure 3). Analyses that adjusted for
VCV dose revealed that subjects who experienced virologic fail-
ure during receipt of combination therapy had lower mean C,;,
values (43.2 vs. 66.2 mg/mL; P = .08 for log-transformed com-
parison) and lower mean AUC values (1896.9 vs. 2788.3 ng-h/
mL; P = .14 for log-transformed comparison) on day 14, com-
pared with subjects who did not experience virologic failure.

mRNA expression. mRNA samples from whole blood ob-
tained before the study and on day 14 were available for 13 sub-
jects. No difference was observed in mean CCR5 mRNA levels,
normalized for 185 RNA, between day 14 and pretreatment sam-
ples taken at baseline. This was consistent among subjects
treated with VCV (3.70 vs. 3.26; P = .59), among subjects who
received placebo (3.60vs. 3.17; P = .07), and between treatment
groups at either time point (P = .97).
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Of the 26 subjects in the VCV arms who expe-
rienced virologic failure, 22 had evaluable HIV-1 genotypes at
the time of virologic failure. All of the obtainable genotypes
demonstrated the M184V, M184I, or M184V/I mutation, con-

A, Change in log;g HIV-1 RNA load in the modified intent-to-treat population of subjects who received vicriviroc (VCV) or placebo/efavirenz
(EFV). Space does not permit identification of the plotted data points on day 4 of treatment, which represent sample sizes of 16, 21, 19, and 17 subjects,
respectively for the VCV 25 mg, VCV 50 mg, VCV 75 mg, and placebo arms. B, Viral load decay plots for individual subjects, by treatment arm. Subjects
with virologic failure (defined as achievement of an HIV-1 RNA load of =50 copies/mL on or after week 20) are shown in black (on-treatment observed

sistent with treatment-emergent 3TC resistance. HIV-1 from
1 subject additionally had the M41L mutation. No other
treatment-emergent genotypic mutations were observed in the
reverse transcriptase gene.
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Table 2. Immunologic and virologic outcomes of subjects in the modified intent-to-treat population.

Vicriviroc arm, by dosage® Placebo/
EFV control
Outcome 25 mg QD P 50 mg QD P 75 mg QD P arm
n=23 n=22 n=23 n=24
Increase in CD4 cell count from
baseline to day 14, mean
+ SD, cells/mm? 24 + 88 NS 85 + 57 <.001 90 + 70 <.001 3+ 66
Decrease in HIV-1 RNA load
from baseline to day 14,
mean = SD, log;o copies/
mL 0.93 +0.43 <.001 1.18 + 0.63 <.001 1.34 + 0.64 <.001 0.07 = 0.30
Virologic failure® as defined by
HIV-1 RNA load
=400 copies/mL 9(39) <.001 2 (9) NS 3(13) NS 0
=50 copies/mL 13 (56) <.001 9(41) .003 4(17) NS 1(4)
Achieved <50 copies/mL 5 (38) 7 (78) 2 (50) 1(100)
Never achieved <50 copies/
mL 8 (62) 2 (22) 2 (50) 0
Hazard rate for virologic failure,
events/person-year (95%
Cl) 1.35(0.79-2.30) 0.73(0.38-1.38) 0.30(0.12-0.77) 0.07 (0.01-0.39)
Relative hazard for virologic
failure (95% Cl)° 21.6 (2.8-168.9) 11.7 (1.5-92.9) 4.6 (0.5-41.4) .
n=14 n=16 n=16 n=16
Increase in CD4 cell count from
baseline to week 24,
mean = SD, cells/mm?3 73 = 141 NS 110 £ 103 NS 158 £ 171 NS 102 £ 102
Decrease in HIV-1 RNA load
from baseline to week 24,
mean = SD, log;o copies/
mL 2.43 +0.65 .003 2.93 +0.63 NS 2.65 + 0.80 .02 3.20 = 0.57

NOTE. Data are number (%) of subjects, unless otherwise indicated. Cl, confidence interval; EFV, efavirenz; NS, not significant; QD, once daily.

@ All P values are for comparisons with the placebo/EFV control arm.

b Defined as 1 or more of the following criteria: failure to achieve a reduction of >1 log;, copies/mL in the HIV-1 RNA load by week 4, achievement of an HIV-1
RNA load of =400 or =50 copies/mL after week 20, and/or achievement of an HIV-1 RNA load of =400 or =50 copies/mL (depending on the definition used in

criterion 2) after the load decreased to <400 or <50 copies/mL, respectively.

¢ Determined by means of a Cox proportional hazards model.

Subjects who went on to experience virologic failure had a
mean VCV ICs, of 6.97 nmol/L and a mean MPI of 96.02%;
values were not significantly different from those for subjects
who did not have virologic failure (6.61 nmol/L [P = .78] and
95.95% [P = .91], respectively). Between baseline and the time
of virologic failure, the mean MPI decreased (96.02% vs.
90.88%; P = .015) but the ICs, was not significantly different
(6.97 vs. 7.11 nmol/L; P = .91). The change in the mean MPI
from baseline to day 14 was —0.4% (95% CI, —1.6% to 0.8%)
among all VCV-treated subjects and —1.18% (95% CI, —2.91%
to 0.55%) among subjects who went on to experience virologic
failure.

Stavudine was substituted for ZDV in 2
(2%) of 91 subjects because of toxicity; 1 additional subject had

Adverse events.

a history of ZDV-related nausea and began combination-phase
treatment with stavudine/3TC. Nevirapine was substituted for
EFV in 3 (13%) of 24 subjects in the control arm because of
central nervous system or cutaneous toxicity. During the treat-

ment period, grade 3 adverse events were observed in 2 subjects
treated with VCV (1 subject with sinusitis and pyrexia in the
VCV 25 mg arm and 1 subject with exacerbation of anal condy-
loma and depression with suicidal ideation in the VCV 75 mg
arm) and in 1 subject in the control arm (major depression).
Grade 4 anemia requiring hospitalization and transfusion oc-
curred in 1 subject taking VCV 50 mg plus 3TC/ZDV. One sub-
ject discontinued treatment because of severe nausea and vom-
iting; the subject was taking VCV 75 mg plus 3TC/ZDV.

No seizures were observed during the study. One exacerba-
tion of preexisting Kaposi sarcoma was observed in the control
arm, concomitant with immune reconstitution. No grade 3 or 4
increases in liver transaminase levels were observed. A single
subject with a normal bilirubin level at study entry developed a
transient grade 3 elevated bilirubin level without clinical or other
laboratory sequellae. The subject continued to receive study
medication, and the bilirubin level decreased to a grade of 2.
Adverse events observed at a rate of =10% among subjects re-
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Figure 2. Kaplan-Meier estimates of times-to-virologic failure, defined as

days since randomization

achievement of an HIV-1 RNA load of =50 copies/mL on or after week

20, among subjects who received vicriviroc (VCV) or placebo/efavirenz (EFV). Absolute hazard rates for virologic failure and relative hazards are listed

in table 2. P values are for pairwise comparisons of each VCV arm with the

ceiving VCV at any dose included nausea, fatigue, headache, di-
arrhea, nasopharyngitis, upper abdominal pain, anorexia, dizzi-
ness, and vomiting. None of these rates of adverse events were
significantly different from those in the control group.

DISCUSSION

Despite initial robust decreases in the HIV-1 RNA loads and
increases in CD4 cell counts in all VCV arms during the 2-week

placebo/EFV arm.

monotherapy lead-in period, persistent or recurrent detectable
viremia was found in the combination-therapy arms containing
lower-dose VCV and prompted early termination of the study.
Subjects with virologic failure appeared to segregate into 2 sub-
sets: those experiencing virologic failure coincident with a shift
in coreceptor tropism use and those with virologic failure in the
absence of a tropism shift. Antiretroviral adherence, as measured
by pill count and patient self-report, did not account for the
virologic failures.

Table 3. Clinical course of 8 subjects in whom HIV-1 using CXCR4 coreceptor only (X4) and HIV-1 capable of using

either CCR5 or X4 coreceptor (DM) emerged during the study.

Baseline value

Change from baseline
value to value at

Tropism change detection of tropism change

Study HIV-1 RNA load, CD4 cell count, Time to New HIV-1 RNA load, CD4 cell count,
Subject arm logio copies/mL cells/mm? detection  tropism logyo copies/mL cells/mm?
1 Placebo 5.73 270 Day 14 DM -0.28 —59
2 Placebo 4.64 302 Day 14 DM +0.13 +38
3] Placebo 4.57 138 Day 14 DM +0.10 +29
4 VCV 25 mg 4.72 286 Day 14 DM -0.67 -1
B VCV 75 mg 5.04 308 Day 4 DM —0.09 0
6 VCV 75 mg 4.95 394 Day 14 X4 +0.04 +72
7 VCV 75 mg 4.23 248 Week 24 DM =189 +248
8 VCV 75 mg 4.88 188 Week 24 DM -1.89 +161

NOTE. CCRb5-using HIV-1 was detected in all subjects at baseline and at the time of screening. VCV, vicriviroc.
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Table 4. Pharmacokinetic characteristics of vicriviroc (VCV), by dose.

VCV 25 mg

Characteristic (n=21)

VCV 50 mg
(n=19)

VCV 75 mg
(n=21)

Crine Median (range), ng/mL
Cimax, Mmedian (range), ng/mL
AUC, median (range), ng-h/mL

23.8(11.2-60.2)
123.6 (65.4-149.4)
1095 (682.3-1853)

44.1 (17.4-102.2)
245.9 (175.9-373.2)
2104 (15660-3615)

77.9 (27.2-249.8)
370 (207.7-495.3)
3545 (2097-8276)

NOTE. AUC, area under the curve; C,. peak plasma concentration; C,,,, trough plasma concentration.

CCRS5 receptor antagonists do not appear have significant an-
tiviral activity against DM or X4 virus [26]. In this study, emer-
gence of detectable DM or X4 virus was associated with minimal
viral decay during monotherapy and with emergent resistance
(due to the M184V mutation) during combination therapy,
which is typical of subjects treated with dual nucleoside reverse-
transcriptase inhibitors (NRTIs; 2 of 2 subjects in this study).
Clonal analysis of maraviroc-treated subjects has suggested that
early detection of X4 virus (i.e., by day 14 of treatment) most
likely represents preexisting X4 populations whose sizes at base-
line were less than the threshold of detection for the then-
available assay [27]. More-sensitive assays to assess baseline co-
receptor use may help identify a more R5-homogeneous
treatment population; however, it is increasingly clear that core-
ceptor tropism evolves fluidly both in the presence and absence
of CCR5 antagonist use. In the current study, 3 subjects with R5
virus at screening and baseline had detectable DM virus by day
14 despite only receiving placebo.

In the absence of a change in coreceptor use, a number of
other mechanisms of viral escape can be postulated. ICs, values
do not appear to adequately describe the observed apparent re-
sistance to VCV, consistent with in vitro evidence of on-
treatment selection of strains able to bind and accomplish fusion
and entry via the CCR5-receptor/CCR5-antagonist complex
[28, 29]. Baseline MPIs, more consistent with these mechanistic
observations, also were not associated with virologic failure. De-
creased MPIs were observed at virologic failure, further validat-
ing MPI as the more-relevant resistance measure. Envelope se-
quencing work by others suggests that resistance may be
mediated by critical changes in V3-loop and extra V3-loop se-
quences, distinct from those associated with coreceptor tropism
[30]. Further envelope sequence analyses of subjects with viro-
logic failure are ongoing.

It has been suggested that the 14-day monotherapy pe-
riod generated VCV resistance, leading to increased failure
during combination therapy. This theory is refuted by the
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Figure 3. Change in HIV-1 RNA load from baseline to day 14, by trough concentration (C,;,) of vicriviroc, among subjects who received vicriviroc or
placebo/efavirenz (EFV). Analysis was performed using an Emax model with SAS, version 9.1 (SAS Institute), and PROC NLIN. Emax = —1.4649 = 0.1960
log;o copies/mL. The C,, required to achieve 50% of Emax was 11.624 = 6.32 ng/mL.
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nonsignificant mean difference of MPIs between baseline and
day 14.

In vitro evidence suggests that intersubject variability in
CCR5 cell-surface expression may have important implications
for susceptibility to CCRS5 inhibitors [31]. CCR5 mRNA was not
significantly changed during the monotherapy phase. The power
of this observation is limited, however, as we did not directly
measure cell-surface CCRS5 levels. Preformed vacuolized CCR5
may be externalized to the cell surface in the presence of a CCR5
antagonist and may confound the anticipated correlation be-
tween CCR5 mRNA and cell-surface expression. We also did not
assess CCR5 expression during combination therapy.

CCR5/CXCR4 independence, rarely observed in pathogenic
clinical isolates, has been observed in vitro [32-35] and is not
likely to be a clinically important mode of CCR5 inhibitor es-
cape. Although the precise mechanism of virologic failure re-
mains unclear, the high rate of emergence of the M184V muta-
tion in all virologic failures is indicative of inadequate inhibition
of viral replication as contributed to by VCV as a third agent at
the doses and frequency used in the present study.

Population pharmacokinetic studies performed during post
hoc analysis demonstrated that plasma VCV concentrations
were consistent with those observed in phase 1 studies [24]. Cal-
culated VCV C,;;, values appeared to be associated with the mag-
nitude of 14-day HIV-1 RNA load decline, although maximiza-
tion of the dose-response effect was not clearly seen (figure 3).

VCV was well tolerated, with 1 discontinuation because of an
adverse event (altered mental status, nausea and vomiting) and 1
grade 4 toxicity (anemia), both thought to be unrelated to VCV.
No significant differences in adverse events, laboratory findings,
electrocardiogram findings, or other safety parameters were ob-
served between study arms. Seizures, QTc prolongation, and
grade 3/4 elevations in transaminase levels were not observed. A
VCV study involving treatment-experienced subjects raised
concerns about oncogenic properties of the CCR5-antagonist
class [36, 37]. No treatment-emergent malignancies were re-
ported in VCV-treated subjects in this study. However, the du-
ration of subject follow-up was shorter, and the median baseline
CD4 cell counts were higher than those in the treatment-
experienced trial (290 vs. 146 cells/mm?), limiting the robustness
of that observation [38].

Lack of a plateau in the dose response and a wide baseline ICs,
variability suggest that higher doses of VCV may be required to
maximize virologic suppression. Reluctance to study higher
doses of VCV, owing to animal seizure activity at levels >10-fold
higher than the plasma levels expected and observed in the cur-
rent study, has been tempered by the absence of neurotoxicity in
the clinical database. Additional work has increased confidence
in the safety of higher doses, currently in advanced-phase trials
[39].

In conclusion, this study demonstrated that, at the doses stud-
ied, VCV possesses potent antiviral activity and is associated

with a dose-related increase in CD4 cell count. VCV was safe and
well tolerated. At once-daily doses of 25 mg and 50 mg, VCV plus
dual NRTT therapy was not as effective as EFV plus dual NRTI
therapy for viral suppression. Optimization of the role of VCV in
combination antiretroviral therapy and characterization of re-
sistance mechanisms require further study.

Acknowledgments

We are grateful to Jason Simon, Maura Laverty, and Maria Arreaza, who
performed the CCR5 mRNA analyses; the patients who participated in this
study; and the following members of the P03802 study group: Lars
Mathiesen (Hvidovre, Denmark), Manuela Doroana and Francisco Antunes
(Lisbon, Portugal), Martin Fisher (Brighton, England), Sharon Walmsley
(Toronto, Canada), Richard Lalonde, Michel Boissonnault, and Serge Duf-
resne (Montreal, Canada), Giuliano Rizzardini (Busto Arsizio, Italy), Gio-
vanni Di Perri (Torino, Italy), Adriano Lazzarin (Milan, Italy), Andreas Plet-
tenberg (Hamburg, Germany), Andrzej Horban (Warsaw, Poland), and
Waldemar Halota (Bydgoszcz, Poland).

References

1. Little SJ, Holte S, Routy JP, et al. Antiretroviral-drug resistance among
patients recently infected with HIV. N Engl ] Med 2002; 347:385-94.

2. Little SJ, May S, Hecht F, et al. Increase in transmitted NNRTI drug
resistance among recently HIV infected patients from North America
and Australia (abstract). Antivir Ther 2006; 11:S110.

3. Weinstock HS, Zaidi I, Heneine W, et al. The epidemiology of antiret-
roviral drug resistance among drug-naive HIV-1-infected persons in 10
US cities. ] Infect Dis 2004; 189:2174—80.

4. Wensing AM, van de Vijver DA, Angarano G, et al. Prevalence of drug-
resistant HIV-1 variants in untreated individuals in Europe: implica-
tions for clinical management. J Infect Dis 2005; 192:958—66.

5. Sabin CA, Work SW, Weber R, etal. Use of nucleoside reverse transcrip-
tase inhibitors and risk of myocardial infarction in HIV-infected pa-
tients enrolled in the D:A:D study: a multi-cohort collaboration. D:A:D
Study Group. Lancet 2008; 371:1417-26.

6. Stein JH, Currier JS. Risk of myocardial infarction and nucleoside ana-
logues. Lancet 2008; 371:1391-2.

7. Calza L, Manfredi R, Chiodo F. Insulin resistance and diabetes mellitus
in HIV-infected patients receiving antiretroviral therapy. Metab Syndr
Relat Disord 2004; 2:241-50.

8. Autar RS, Boyd MA, Wit FW, et al. Relationships between drug expo-
sure, changes in metabolic parameters and body fat in HIV-infected
patients switched to a nucleoside sparing regimen. Antivir Ther 2007;
12:1265-71.

9. Hansen BR, Haugaard SB, Iversen J, Nielsen JO, Andersen O. Impact of
switching antiretroviral therapy on lipodystrophy and other metabolic
complications: a review. Scand J Infect Dis 2004; 36:244 —53.

10. Demarest J, Bonny T, Vavro C, et al. HIV co-receptor tropism in treat-
ment naive and experienced subjects. In: Program and abstracts of the
44th Interscience Conference on Antimicrobial Agents and Chemother-
apy, Washington, DC (abstract H-1136). Herndon, VA: ASM Press,
2004.

11. Brumme ZL, Goodrich J, Mayer HB, et al. Molecular and clinical epide-
miology of CXCR4-using HIV-1 in a large population of antiretroviral-
naive individuals. ] Infect Dis 2005; 192:466—74.

12. Moyle GJ, Wildfire A, Mandalia S, et al. Epidemiology and predictive
factors for chemokine receptor use in HIV-1 infection. ] Infect Dis 2005;
191:866-72.

13. LiuR, Paxton WA, Choe S, et al. Homozygous defect in HIV-1 corecep-
tor accounts for resistance of some multiply-exposed individuals to
HIV-1 infection. Cell 1996; 86:367-77.

VCV plus 3TC/ZDV in Treatment-Naive Subjects « JID 2008:198 (15 October) * 9



20.

21.

22.

23.

24.

25.

26.

27.

. Samson M, Libert F, Doranz BJ, et al. Resistance to HIV-1 infection in

Caucasian individuals bearing mutant alleles of the CCR-5 chemokine
receptor gene. Nature 1996; 382:668 9.

. Dean M, Carrington M, Winkler C, et al. Genetic restriction of HIV-1

infection and progression to AIDS by a deletion allele of the CKR5 struc-
tural gene. Hemophilia Growth and Development Study, Multicenter
AIDS Cohort Study, Multicenter Hemophilia Cohort Study, San Fran-
cisco City Cohort, ALIVE Study. Science 1996; 273:1856—62.

. Huang Y, Paxton WA, Wolinsky SM, et al. The role of a mutant CCR5

allele in HIV-1 transmission and disease progression. Nature Medicine
1997; 3:252-3.

. Mummidi S, Ahuja SS, Gonzalez E, et al. Genealogy of the CCR5 locus

and chemokine system gene variants associated with altered rates of
HIV-1 disease progression. Nat Med 1998; 4:786-93.

. Koot M, Keet IP, Vos AH, et al. Prognostic value of HIV-1 syncytium-

inducing phenotype for rate of CD4" cell depletion and progression to
AIDS. Ann Intern Med 1993; 118:681-8.

. Kozal MJ, Ramachandran RV, Shafer RW. Prevalence of HIV-1

syncytium-inducing phenotype. Ann Intern Med 1994; 120:811.

Koot M, van Leeuwen R, de Goede RE, et al. Conversion rate towards a
syncytium-inducing (SI) phenotype during different stages of human
immunodeficiency virus type 1 infection and prognostic value of SI phe-
notype for survival after AIDS diagnosis. ] Infect Dis 1999; 179:254-8.
Richman DD, Bozzette SA. The impact of the syncytium-inducing phe-
notype of human immunodeficiency virus on disease progression. J In-
fect Dis 1994; 169:968 —74.

Strizki JM, Tremblay C, Xu S, et al. Discovery and characterization of
vicriviroc (SCH 417690), a CCR5 antagonist with potent activity against
human immunodeficiency virus type 1. Antimicrob Agents Chemother
2005; 49:4911-9.

Dunkle LM, Keung A, Sansone A, Strizki J. Vicriviroc is a novel, potent
CCRS5 inhibitor with outstanding pharmaceutic, pharmacokinetic and
pharmacodynamic (PK/PD) properties (abstract). Retrovirology 2005;
2:S12.

Schiirmann D, Fitkenheuer G, Reynes J, et al. Antiviral activity, phar-
macokinetics and safety of vicriviroc, an oral CCR5 antagonist, during
14-day monotherapy in HIV-infected adults. AIDS 2007; 21:1293-300.
Whitcomb JM, Huang W, Fransen S, et al. Development and character-
ization of a novel single-cycle recombinant-virus assay to determine
human immunodeficiency virus type 1 coreceptor tropism. Antimicrob
Agents Chemother 2007; 51:566-75.

Mayer H, van der Ryst E, Saag M, et al. Safety and efficacy of maraviroc
(MVC), a novel CCR5 antagonist, when used in combination with op-
timized background therapy (OBT) for the treatment of antiretroviral-
experienced subjects infected with dual-mixed-tropic HIV-1: 24-weed
results of a phase 2b exploratory trial (abstract THLB0215). In: Program
and abstracts of the XVIth International AIDS Conference, Toronto,
Canada, 2006.

Mosley M, Smith-Burchnell C, Mori J, et al. Resistance to the CCR5
antagonist maraviroc is characterized by dose response curves that dis-

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

play a reduction in maximal inhibition (Plateau) (abstract 598). In: Pro-
gram and abstracts of the 13th Conference on Retroviruses and Oppor-
tunistic Infections, Denver, Colorado, 2006.

Westby M, Smith-Burchnell C, Mori J, et al. Reduced maximal inhibi-
tion in phenotypic susceptibility assays indicates that viral strains resis-
tant to the CCR5 antagonist maraviroc utilize inhibitor-bound receptor
for entry. J Virol 2007; 81:2359-71.

Pugach P, Marozsan AJ, Ketas TJ, Landes EL, Moore JP, Kuhmann SE.
HIV-1 clones resistant to a small molecule CCR5 inhibitor use the
inhibitor-bound form of CCR5 for entry. Virology 2007; 361:212-28.
Holuigue S, Shan M, Ketas T, Moore J. Co-receptor switched and CCR5
inhibitor-resistant HIV-1 variants are generated in response to different
selection pressures in vitro (abstract 164). In: Program and abstracts of
the 14th Conference on Retroviruses and Opportunistic Infections, Los
Angeles, CA, 2007.

Ketas TJ, Kuhmann SE, Palmer A, et al. Cell surface expression of CCR5
and other host factors influence the inhibition of HIV-1 infection of
human lymphocytes by CCR5 ligands. Virology 2007; 364:281-90.
Broder CC, Jones-Trower A. Coreceptor use by primate lentiviruses. In:
Kuiken CL, Foley B, Hahn B, et al., eds. Human retroviruses and AIDS:
acompilation and analysis of nucleic acid and amino acid sequences. Los
Alamos, NM: Theoretical Biology and Biophysics Group T-10, Los Ala-
mos National Laboratory, 1999:517—41.

Simmons G, Reeves JD, Hibbitts S, et al. Co-receptor use by HIV and
inhibition of HIV infection by chemokine receptor ligands. Immunol
Rev 2000; 177:112-26.

Azevedo-Pereira JM, Santos-Costa Q, Mansinho K, Moniz-Pereira J.
Identification and characterization of HIV-2 strains obtained from
asymptomatic patients that do not use CCR5 or CXCR4 coreceptors.
Virology 2003; 313:136—46.

YiY, Singh A, Isaacs SN, Collman RG. A CCR5/CXCR4-independent
coreceptor pathway on human macrophages supports efficient SIV env-
mediated fusion but not infection: implications for alternative pathways
of viral entry. Virology 2001; 284:142-51.

Gulick R, Su Z, Flexner C, et al. Phase 2 study of the safety and efficacy of
vicriviroc, a CCR5 inhibitor, in HIV-1-infected, treatment-experienced
patients: AIDS Clinical Trials Group 5211. J Infect Dis 2007; 196:304 —
12.

Tsibris A, Paredes R, Su Z, et al. Vicriviroc therapy and EBV plasma viral
loads in HIV-1-infected treatment-experienced subjects (abstract 844).
In: Program and abstracts of the 14th Conference on Retroviruses and
Opportunistic Infections, Los Angeles, CA, 2007.

Polesel ], Clifford GM, Rickenbach M, et al. Non-Hodgkin lymphoma
incidence in the Swiss HIV Cohort Study before and after highly active
antiretroviral therapy. AIDS 2008; 22:301-6.

Zingman B, Suleiman J, de Jesus E, et al. Vicriviroc in combination
therapy with an optimized ART regimen for treatment-experienced
subjects: VICTOR-E1 (abstract 795). In: Program and abstracts of the
15th Conference on Retroviruses and Opportunistic Infections, Boston,
MA, 2008.

10 « JID 2008:198 (15 October) ¢ Landovitz et al.



