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Pharmacodynamics, Safety, and
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Background. BMS-663068 is a prodrug of the small-molecule inhibitor BMS-626529, which inhibits human
immunodeficiency virus type 1 (HIV-1) infection by binding to gp120 and interfering with the attachment of
virus to CD4+ T-cells.

Methods. Fifty HIV-1-infected subjects were randomized to 1 of 5 regimen groups (600 mg BMS-663068
plus 100 mg ritonavir every 12 hours [Q12H], 1200 mg BMS-663068 plus 100 mg ritonavir every bedtime, 1200
mg BMS-663068 plus 100 mg ritonavir Q12H, 1200 mg BMS-663068 Q12H plus 100 mg ritonavir every
morning, or 1200 mg BMS-663068 Q12H) for 8 days in this open-label, multiple-dose, parallel study. The study
assessed the pharmacodynamics, pharmacokinetics, and safety of BMS-663068.

Results. The maximum median decrease in plasma HIV-1 RNA load from baseline ranged from 1.21 to 1.73
log;o copies/mL. Plasma concentrations of BMS-626529 were not associated with an antiviral response, while low
baseline inhibitory concentrations and the minimum and average steady-state BMS-626529 plasma concentra-
tions, when adjusted by the baseline protein binding-adjusted 90% inhibitory concentration (inhibitory quotient),
were linked with antiviral response. BMS-663068 was generally well tolerated.

Conclusions. Administration of BMS-663068 for 8 days with or without ritonavir resulted in substantial de-
clines in plasma HIV-1 RNA levels and was generally well tolerated. Longer-term clinical trials of BMS-663068 as
part of combination antiretroviral therapy are warranted.

Clinical Trials Registration. NCT01009814.

The currently available antiretroviral drugs target
various distinct steps in the human immunodeficiency
virus type 1 (HIV-1) lifecycle; however, despite the
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large number of drugs available, there is a continued
need for the development of novel drugs that target
different stages of viral replication. This is due primar-
ily to the development of resistance to existing com-
pounds and the need for improvement in long-term
safety, tolerability, and/or immunologic health over
currently available antiretroviral agents [1, 2].

The replication cycle of HIV-1 is a complex and
multistep process that initially involves the entry of
the virus into host cells via attachment, coreceptor
binding, and membrane fusion [3, 4]. These processes
offer considerable potential for therapeutic interven-
tion; indeed, some of the entry inhibitors currently ap-
proved for the treatment of HIV-1 target these steps
in the lifecycle. Maraviroc prevents binding of HIV-1
to the coreceptor C-C chemokine receptor 5, while en-
fuvirtide is an injectable peptide that inhibits the
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gp41l-mediated fusion of the host and viral cell membranes
[5, 6].

HIV-1 attachment inhibitors represent a new class of entry
inhibitors that prevent the initial interaction between virus
and host cell by binding to the viral envelope protein gp120
and blocking attachment of the virus to the CD4 receptor on
CD4+ T-cells. Proof of concept for this class was achieved
with an earlier molecule, BMS-448043, in an 8-day monother-
apy trial [7]. BMS-448043 was found to be generally safe and
well tolerated. However, the development of this molecule was
discontinued primarily because of its poor bioavailability and
suboptimal pharmacokinetics.

BMS-663068 is a methyl phosphate prodrug of the attach-
ment inhibitor BMS-626529. Compared with BMS-448043,
BMS-626529 has increased potency against a range of viruses
and a slower off-rate from purified envelope protein [8]. BMS-
626529 exhibited a broad spectrum of antiviral activity against
a panel of clinical isolates, with a 50% inhibitory concentra-
tion (ICs) ranging from subnanomolar levels to >0.1 uM [8].
There was a need for a prodrug with improved aqueous solu-
bility because of the slow dissolution and limited rate and
extent of absorption of the parent compound [9]. Administra-
tion of BMS-663068 to healthy volunteers in single-dose and
multiple-ascending-dose studies showed rapid conversion to
and absorption of the active form, BMS-626529 [10]. An ex-
tended-release formulation of BMS-663068 optimized the
pharmacokinetics of BMS-626529 by decreasing the maximum
plasma concentration and increasing trough plasma concen-
trations to enable once- or twice-daily dosing [10]. Coadmin-
istration of ritonavir was found to enhance the exposure to
BMS-626529 in these subjects. On the basis of this finding,
the current study incorporated ritonavir in the majority of
regimen groups.

This 8-day monotherapy trial evaluated the antiviral activi-
ty, pharmacokinetics, and safety of BMS-626529, administered
as BMS-663068 with or without ritonavir, in HIV-1-infected
subjects. The study also evaluated measures of BMS-626529
exposure and baseline viral susceptibility as predictors of re-
sponse to BMS-663068.

METHODS

Study Design

This study was a randomized, open-label, multiple-dose, par-
allel phase IIa study. Five dose regimens of BMS-663068 were
evaluated for 8 days: group 1, 600 mg BMS-663068 plus 100
mg ritonavir every 12 hours (Q12H); group 2, 1200 mg BMS-
663068 plus 100 mg ritonavir every bedtime (QHS); group 3,
1200 mg BMS-663068 plus 100 mg ritonavir Q12H; group 4,
1200 mg BMS-663068 QI12H plus 100 mg ritonavir every
morning (QAM); and group 5, 1200 mg BMS-663068 Q12H.
Subjects were admitted to a clinical facility between November

2009 and June 2010 and were confined to the clinical facility
until day 11. Subjects returned to the unit on day 15 for a
follow-up visit and on day 50 (+3 days) for discharge. All doses
of study medication were administered under fed conditions. A
standard breakfast meal (421 kcal, 16.7 g fat, 18.2 g protein)
was administered prior to the morning dose, and an evening
snack (approximately 300-350 kcal) was administered prior to
the evening dose. Subjects were randomly assigned to a regimen
according to a computer-generated randomization scheme and
were stratified by prior antiretroviral treatment history.

Study Subjects

Eligible subjects were adults (aged >18 years) infected with
subtype B HIV-1 who had plasma HIV-1 RNA levels >5000
copies/mL (Roche COBAS Amplicor) and CD4+ T-cell counts
>200 cells/uL. Enrollment in this study was restricted to
subtype B since limited data were available on the activity of
BMS-663068 in non-subtype B HIV-1 strains at the time of
enrollment. Subjects could be antiretroviral treatment naive
(defined as no receipt of therapy for >1 week) or experienced;
however, all antiretroviral therapy must have been discontin-
ued for at least 8 weeks prior to participation in the study.

Prior exposure to HIV-1 attachment inhibitors was prohib-
ited. In addition, the use of investigational drugs or placebo
was prohibited, as was use of prescription medication within 4
weeks of study drug administration and the use of other
drugs, including over-the-counter medications, within 1 week
of study drug administration, unless approved by the investi-
gator and study medical monitor. Subjects with clinically
relevant deviations from normal findings of physical, electro-
cardiogram (ECG), and/or laboratory examinations were
excluded, as were subjects with hepatitis B virus or hepatitis
C virus coinfection. Women of childbearing potential were re-
quired to have a negative result of a serum or urine pregnancy
test within 24 hours prior to receiving study medication.

All subjects provided written informed consent prior to
participation in the study. The study was conducted in accor-
dance with Good Clinical Practice and the ethical principles of
the Declaration of Helsinki. The protocol was approved by the
institutional review board at the study site.

Evaluations
12-lead
ECGs, clinical laboratory tests, urine drug screening, pregnan-

Physical examinations, vital sign measurements,

cy tests (for women), and blood sampling for HIV-1 RNA
analysis and measurement of CD4+ and CD8+ T-cell counts
were performed at screening (within 35 days prior to study
enrollment) and at selected time points throughout the study.
Plasma HIV-1 RNA load was measured at screening, on days
1-11, on day 15, and at discharge (day 50). Antiviral activity
was assessed by the magnitude and rate of change in plasma
HIV-1 RNA load from baseline (ie, before receipt of the dose
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on day 1). Blood samples for measurement of CD4+ and CD8+
T-cell counts were obtained at screening; on days 1, 8, and 15;
and at discharge. All blood samples obtained for measurement
of plasma HIV-1 RNA load and CD4+ and CD8+ T-cell
counts were collected prior to dosing, with the time of
collection maintained throughout the inpatient portion of the
study. Plasma samples for drug susceptibility testing were col-
lected at screening; on days 1, 4, 8, and 15; and at discharge.
Drug susceptibility (expressed as the ICsy) was assessed using
the Phenosense® Entry Assay (Monogram Biosciences,
San Francisco, CA).

Pharmacokinetic Analysis

Serial blood samples for pharmacokinetic analysis were col-
lected on days 1 and 8-11. Plasma concentrations of BMS-
626529 were determined by validated liquid chromatography
and tandem mass spectrometry with a linear range of 5-5000
ng/mL. The between-run and within-run variabilities for the
analytical quality control samples had coefficients of variation
of <5.7% and <11.3%, respectively.

Pharmacokinetic parameters for BMS-626529 were derived
from plasma concentration-versus-time data using a non-
compartmental method. Maximum plasma concentration
(Cinax)> trough plasma concentration (Cp;,), and area under
the plasma concentration-time curve over a 24-hour period
(AUCq_41,) were reported. The average steady-state concen-
tration (Cgsavg) Wwas calculated as AUC;_p4p/24. Plasma
protein binding to BMS-626529 was determined using equi-
librium dialysis. In addition, to directly compare in vivo
BMS-626529 plasma concentrations with in vitro drug sus-
ceptibility, the measured in vitro ICsy values were trans-
formed to a protein binding-adjusted 90% inhibitory
concentration (PBA ICq), using the following formula: PBA
ICq (ng/mL) =sc x mw x ICs, (uM)/fu, where sc is a factor
that scales ICqy from ICsy (sc=5.5), mw is the molecular
weight of BMS-626529 free base (mw = 473.48 g/mole), and
fu is the mean fraction of BMS-626529 free from protein
binding (fu =0.12). Inhibitory quotient (IQ) was defined as
the ratio Cg;avg OF Ciyin, of BMS-626529 to PBA ICq,.

Statistical Analysis
The primary objective of the study was to assess the antiviral
activity of BMS-626529 following administration of selected
regimens of BMS-663068 with and without ritonavir adminis-
tered orally to HIV-1-infected subjects for 8 days. Secondary
objectives included assessment of CD4+ and CD8+ T-cell
counts and BMS-626529 pharmacokinetics, safety, and tolera-
bility. The relationship between change in plasma HIV-1 RNA
load on day 9 from baseline and measurements of BMS-626529
exposure (Cpax Cmin and Cgqavg) and 1Qs were also assessed.
Antiviral activity was assessed on the basis of changes in
logio HIV-1 RNA levels from baseline, with descriptive

statistics, including mean, standard error, median, and range,
for each regimen group from day 2 to day 11 and at day 15.
The maximum decline from baseline in log;q HIV-1 RNA
levels over the study period was determined for each subject
and was similarly summarized by regimen group. To explore
the effect of prior antiretroviral treatment on the antiviral activ-
ity of BMS-626529, the change from baseline in log;, HIV-1
RNA load was further summarized by treatment regimen and
prior antiretroviral treatment history (naive versus experienced).
In addition, on the basis of the drug susceptibility of viruses at
baseline, sensitivity analyses that excluded subjects for whom
the ICso was undetermined or above the assay’s upper limit
were also performed, using similar descriptive statistics.

Pharmacokinetic exposure parameters of BMS-626529
(Ciaxo Cinins AUCg24, and Cgqav) Were summarized by geo-
metric mean, coefficient of variation, and range. The individu-
al maximum viral load reductions were plotted versus
exposure parameters or IQ to explore the relationship.

In addition to detailed individual listings, all adverse events
(AEs) recorded during the study were listed and tabulated by
regimen group, body system, and preferred term, and any sig-
nificant abnormal vital signs, clinical laboratory results, ECG
readings, and physical examination findings were summarized
by regimen group.

RESULTS

Subject Disposition and Baseline Characteristics

Fifty subjects were randomly assigned to 1 of 5 regimen
groups (Figure 1). A total of 48 subjects completed the study;
2 subjects were withdrawn because they did not meet the
study inclusion criteria (both subjects were infected with non—
subtype-B HIV-1) and discontinued treatment before the
completion of the study. These subjects were included only in
the pharmacokinetic and safety evaluations. Baseline demo-
graphic characteristics and disease characteristics were general-
ly well balanced between the regimen groups (Table 1).
Approximately 70% of subjects enrolled in the study were
antiretroviral treatment naive; the median baseline plasma
HIV-1 RNA level was 4.40 log;, copies/mL, and the median
CD4+ T-cell count was 432 cells/uL.

Performance of a drug-susceptibility assay of viruses at base-
line revealed baseline ICs, values that were greater than the
assay’s upper limit (0.1 uM) in 2 subjects in group 1, in 1 subject
in group 4, and in 4 subjects in group 5. Baseline ICs, values
could not be obtained for 2 subjects because of assay failure.

Antiviral Activity

The mean change from baseline in the log;, plasma HIV-1
RNA level over time is shown in Figure 2A; data from subjects
with ICsy values <0.1 uM are illustrated in Figure 2B. In
general, increases in plasma HIV-1 RNA load were initially
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—  Subject did not meet study criteria (n = 20)
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- Withdrew consent(n= 1)

'

4

'

'

'

Group 1 Group 2 Group 3 Group 4 Group 5
BMS-663068 BMS-663068 BMS-663068 BMS-663068 BMS-663068
600 mg Q12H 1200 mg QHS 1200 mg Q12H 1200 mg Q12H 1200 mg Q12H
+ RTV 100 mg Q12H +RTV 100 mg QHS +RTV 100 mg Q12H + RTV 100 mg QAM n=10
n=10 n=10 n=10 n=10
Completed Completed
n=9 n=9 y y A 4
- v Completed Completed Completed
Withdrawn Withdrawn n=10 n=10 n=10
n=1 n=1
Did not meet Did not meet
entry criteria entry criteria
(non-subtype (non-subtype
B HIV-1 infection) B HIV-1 infection)
Figure 1. Subject randomization and flow. Abbreviations: HIV-1, human immunodeficiency virus type 1; QAM, every morning; QHS, every bedtime;

Q12H, every 12 h; RTV, ritonavir.

observed on treatment days 2 and 3; however, mean decreases
from baseline were subsequently observed during the treat-
ment period and up to day 15 for all groups. The maximum
change from baseline was observed between days 10 and 15
among the majority of subjects (the last day of dosing was on
day 8), with plasma HIV-1 RNA levels returning to baseline
levels by study discharge. The median maximum decrease in
plasma HIV-1 RNA load from baseline over the whole study
period ranged from 1.21log;, copies/mL among subjects in
group 5 to 1.73 log;ocopies/mL for subjects in group 3
(Figure 3A). The lower response observed among subjects in
group 5 was likely due to ICs, values >0.1 uM exhibited by 4
of 10 subjects in the group at baseline. Indeed, when these
subjects were excluded, no clinically meaningful differences in
plasma HIV-1 RNA suppression were observed (Figures 2B
and 3B). In addition, there were no differences in antiviral
activity observed when comparing treatment-naive and
antiretroviral-experienced subjects across regimen groups, and
on the basis of preliminary data analysis, there were no sub-
stantial changes in susceptibility over the course of the study
(data not shown). Plasma HIV-1 RNA levels <400 copies/mL
were observed among 18 of 48 subjects (38%) (group 1, n=2;
group 2, n=2; group 3, n=4; group 4, n=6; and group 5,
n=4). None of the subjects with a baseline sensitivity >0.1
uM achieved plasma HIV-1 RNA levels <400 copies/mL.

Median increases in CD4+ T-cell counts from baseline were
observed for all regimen groups on day 8 (group 1, 130 cells/uL;
group 2, 86 cells/uL; group 3, 102 cells/uL; group 4, 38 cells/uL;
and group 5, 23 cells/uL). No clinically relevant changes in
CD8+ T-cell counts or the percentage of CD4+ and CD8+
T cells were observed.

Pharmacokinetics

The multiple-dose pharmacokinetics of BMS-626529 following
administration of BMS-663068 with and without ritonavir are
summarized in Table 2. Steady-state BMS-626529 exposures
in subjects receiving BMS-663068 600 mg Q12H plus ritonavir
100 mg QI12H (group 1) or 1200 mg QHS plus ritonavir 100
mg QHS (group 2) had comparable AUC,_,, values but very
different C,,;, values, consistent with the Q12H versus QHS
dosing frequency. Further, steady-state BMS-626529 exposures
in subjects receiving BMS-663068 1200 mg Q12H plus ritona-
vir 100 mg Q12H (group 3) or 100 mg QAM (group 4) were
modestly higher by 45%-51%, 30%-42%, and 17%-48% in
Crnax AUCq_»4, and Cpyyp, respectively, compared with subjects
receiving 1200 mg Q12H without ritonavir (group 5).

Predictors of Antiviral Activity
The relationship between antiviral activity and both baseline
viral susceptibility (as measured by ICsy) and BMS-626529
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median (range)
ICs0, UM; median (range)

Eligible subjects with

0.00027 (0.00005->0.1) 0.00992 (0.00002—>0.1) 0.00054 (0.00002—>0.1)

0.00026 (0.00002-0.00324)

0.00073 (0.00004-0.01150)

0.00056 (0.00006—>0.1)

39 (78)

6 (60)

9 (90)

9 (90)

9 (90)

6 (60)

|C50< 0.1 UM, no. ((70)

Abbreviations: ARV, antiretroviral; HIV-1, human immunodeficiency virus type 1; ICso, 50% inhibitory concentration; QAM, every morning; QHS, every bedtime; Q12H, every 12 h; RTV, ritonavir.

plasma concentrations (as measured by Cgayvg and Cpyin) was
assessed. A high variability in baseline ICs, was observed, with
values ranging from 0.00002 to >0.1 uM; however, subjects
were not stratified according to baseline ICso. A high ICs, at
baseline was associated with a weaker antiviral response, with
the majority of subjects with a baseline ICso >0.1 uM failing to
achieve a >1log;, reduction in HIV-1 RNA level (Figure 4).
Conversely, a low ICs, was associated with a more substantial
antiviral response; all patients with a baseline IC5y <0.1 pM
achieved a >1 log;, reduction in HIV-1 RNA load.

The individual maximum viral load reductions were plotted
versus exposure parameters or IQ to explore the relationship,
and those with the greatest association are illustrated in
Figure 5. No associations were noted between either the
change on day 9 or the maximum change in HIV-1 RNA
levels from baseline and Cgsavg and Cpin with the doses tested
in this study. However, IQs were associated with antiviral ac-
tivity. The associations appeared to be similar whether the IQ
was calculated on the basis of Cyin 01 Cggavg. Scatter plots of
viral load change from baseline at day 9 versus the IQ (Cy,in)
or 1Q (Cgyavg) are shown in Figures 5A and 5B, respectively.

No evidence of a correlation between changes in CD4+ and
CD8+ T-cell counts and baseline viral sensitivity, IQs, or
pharmacokinetic parameters was observed (data not shown).

Safety

Overall, 39 subjects (78%) experienced >1 AE, and 33 (66%)
experienced >1 treatment-related AE during the 50-day moni-
toring period. All AEs were considered to be mild or moderate
in intensity (grade 1 or 2); no grade 3 or 4 AEs were reported.
The most frequently reported treatment-related AEs were
headache (in 16 subjects; 10 had grade 1 intensity), rash (in 8
subjects; 7 had grade 1 intensity), and micturition urgency (in
7 subjects; all had grade 1 intensity). No serious AEs or deaths
were reported, and no subjects discontinued study medication
because of an AE. There were no relevant differences in the
type or frequency of AEs between the regimen groups. No
clinically relevant changes in laboratory parameters, vital
signs, ECGs, or physical examination findings were observed
during the study.

DISCUSSION

BMS-663068 is the prodrug of a novel HIV-1 attachment in-
hibitor, BMS-626529, that targets the viral envelope protein
gp120. The results of this study represent the first report of
the antiviral activity and safety of BMS-663068 in HIV-1-
infected subjects. Short-term dosing of BMS-663068 with or
without ritonavir resulted in substantial declines in plasma
HIV-1 RNA levels in both antiretroviral-naive and antiretrovi-
ral-experienced subjects, with all regimen groups experiencing
a median drop in plasma HIV-1 RNA load of >1 log;, during
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the 8-day dosing period. Notably, if subjects with a baseline
ICso >0.1 pM were excluded from the analysis, all regimen
groups achieved a median drop in plasma HIV-1 RNA load of
>1.5log;o. Such a drop in viral load compares well with
results of short-term monotherapy with other antiretrovirals.
A median drop in viral load of >1.5log;, has been observed
with potent antiretrovirals that target HIV-1 reverse transcrip-
tase, protease, integrase, and cell entry [11, 12]. Plasma HIV-1
RNA level generally increased on days 2 and 3 of treatment
before dropping for the remainder of the dosing interval and
for several days thereafter in many subjects. The etiology for
these observations is unknown but is possibly associated with
the unique mechanism of action of an attachment inhibitor

that binds to the gp120 molecule and does not allow the virus
to bind to host cells, thereby resulting in an initial increase of
circulating HIV-1 virions detectable in the plasma.

In this study, BMS-663068 appeared to be generally well tol-
erated. Although a majority of subjects experienced an AE over
the 50-day monitoring period, the majority of AEs were mild,
and none necessitated study drug discontinuation. The safety
profile of BMS-663068 in this study was consistent with the
profile reported in previous studies involving healthy volunteers
[10]. Larger comparative, controlled studies will be required to
better define the safety and tolerability of BMS-663068.

Increases in median absolute CD4+ T-cell counts were ob-
served during short-term dosing of BMS-663068 in this study.
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in plasma HIV-1 RNA load from baseline, excluding subjects with a missing baseline 50% inhibitory concentration (ICs) or a baseline 1Cs>0.1 uM.
Ineligible subjects (n=2) are excluded from both analyses. Abbreviations: QAM, every morning; QHS, every bedtime; Q12H, every 12 h; RTV, ritonavir.

However, the clinical relevance of these findings is unclear
because of the small number of subjects in each group and the
short duration of treatment in this study. Potential benefits as-
sociated with attachment inhibitors (due to the unique effect
of this novel mechanism of action, which prevents the initial
interaction between virus and host cell), particularly with
regard to immune restoration and the amelioration of inflam-
mation and cellular activation, will be defined in longer-term
clinical trials.

BMS-626529 has favorable pharmacokinetics following ad-
ministration of the prodrug BMS-663068. Developed as an ex-
tended-release tablet, the current formulation has led to a
lower Cy,.x and higher C,,;, of BMS-626529, compared that
with the immediate-release capsule [10]. Coadministration of
ritonavir led to only modest increases in drug exposure, with

no notable gain in plasma HIV-1 RNA load drop. In subjects
with susceptible virus (<0.1 uM), all 5 regimen groups had
similar antiviral efficacy (Figure 3B). These findings support
the further investigation of lower doses of BMS-663068 given
without ritonavir in subjects with susceptible virus at baseline.

Drug susceptibility of viruses at baseline has previously
been shown to be an important determinant of viral response
with this class of drug [7]. Similarly, the analysis of predictors
of antiviral response in this study demonstrated that subjects
with an IC5y >0.1 uM to BMS-626529 demonstrated a weak
antiviral response (a majority of subjects did not achieve a
<1 log;o decline in plasma HIV-1 RNA load). Seven subjects
(14%) in this study had a baseline ICsq >0.1 pM, including 4
subjects randomized to group 5. Exclusion of subjects either
with a baseline IC5y >0.1 uM or with missing values led to an
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Table 2. Summary Statistics for BMS-662529 Pharmacokinetic Parameters on Day 8 After Administration of BMS-663068

Group 1: 600 mg
Q12H + RTV 100 mg

Group 2: 1200 mg
QHS + RTV 100 mg

Group 3: 1200 mg
Q12H + RTV 100 mg

Group 4: 1200 mg

Q12H + RTV 100 mg Group 5: 1200 mg

Parameter Q12H (n=9) QHS (n=9) Q12H (n=10) QAM (n=10) Q12H (n=10)

Crnax, HQ/ML? 2.24 (1.30-4.08); 3.47 (2.08-5.31); 5.05 (3.12-7.30); 4.93 (2.25-8.79); 3.39 (2.38-4.06);
43.3 31.7 31.7 40.1 15.9

Crnine Hg/mLP 0.411 (0.170-1.08); 0.0545 (0.0139-0.237); 0.772 (0.386-1.69); 0.613(0.214-1.73); 0.524 (0.217-1.25);
78.2 138 59.5 65.9 59.0

AUCq_o4n, Hg.h/mL 26.8 (12.3-54.9); 23.0 (12.6-44.2); 60.6 (34.7-87.2); 55.1 (22.5-97.6); 42.6 (31.1-55.6);
56.1 48.2 30.6 44.3 21.5

Data are geometric means (range); coefficient of variation.

Abbreviations: AUCq_o4, area under the concentration-time curve over a 24-hour period; Cpax, Maximum concentration; Cin, Mminimum concentration; QAM,

every morning; QHS, every evening; Q12H, every 12 h; RTV, ritonavir.

@For twice-daily doses, morning and evening Cp..x values were used to calculate geometric means.

PFor twice-daily doses, concentrations at predose, 12 h after the morning dose, and 12 h after the evening dose were used to calculate geometric means. For
daily doses, concentrations at predose and 24 h were used to calculate geometric means.

increase in the median maximum change in plasma HIV-1
RNA load (—1.60 vs —1.21 log;, copies/mL) for this group, in-
dicating the importance of considering baseline viral suscepti-
bility in future studies. IQs based on Cp,in and Cg avg were also
found to be associated with antiviral activity, and the associa-
tions appeared to be similar whether the IQ was calculated on
the basis of Cyin 0or Cgaye. Pharmacokinetic exposures (ie,
plasma Cg ovg and Cyyin) alone were not predictive of response

in the dose range studied. Of interest, one subject with a high
baseline ICs, (approximately 6.6 uM) responded well during
the course of the study, with a maximum viral load change of
—1.61 logyo. It is not clear why this subject responded well,
but virus from this subject and from all other subjects with
high baseline IC5, values will be examined to understand the
correlates of in vitro sensitivity to the active agent. A broad
range of ICs, values (52 pM to >0.1 uM) has been observed
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response. *Phenosense® Entry Assay (Monogram Biosciences): upper limit of quantitation=0.1 uM. Abbreviations; QAM, every morning; QHS, every

bedtime; Q12H, every 12 h; RTV, ritonavir.

Study of Attachment Inhibitor BMS-663068 e JID 2012:206 (1 October) e 1009



A 17
Pearson correlation: —0.4869
@ P = .0006
>
o
-
w
B
s 0
g <
$
£ A
o A S xi *
2 14 * 0 ° 'Y
E L ] . - %
[} A A
E‘ = % . B o 0‘
£ - A ¢ o ¢
4 Y
-g e
L 1 1 ] L 1 L
-2 -1 0 1 s 3 4
1Q composite C___ (log,,)
® 600 mg Q12H + RTV 100 mg Q12H 4 1200 mg Q12H + RTV 100 mg QAM
® 1200 mg QHS + RTV 100 mg QHS 1200 mg Q12H
A 1200 mg Q12H + RTV 100 mg Q12H
B .
= Pearson correlation: —0.4731
) P=.0009
=)
©
-
(1]
o
3 01
(74
; o
T
g " N
£ A o A
e =14 C = ™ &
2 - .
® " ™ A
£=
o w B A
- 4 ° P L
Q A a 2 .
_2 1 I I I * 1 I
-1 0 1 2 3 4
lac,,, (og,)
® 600 mg Q12H + RTV 100 mg Q12H 4 1200 mg Q12H + RTV 100 mg QAM
® 1200 mg QHS + RTV 100 mg QHS 1200 mg Q12H

A 1200 mg Q12H + RTV 100 mg Q12H

Figure 5. Change in the logqo plasma human immunodeficiency virus type 1 (HIV-1) RNA level from baseline at day 9 versus A, the ratio of the
minimum plasma concentration (C,;,) to the baseline protein binding—adjusted 90% inhibitory concentration (PBA ICgq; Pearson correlation, —0.4869
[P=.0006]) and the B, ratio of the average steady-state concentration (Cesayg) to the baseline PBA [Cqy (Pearson correlation, —0.4731
[P=.0009]). Open symbols = subjects with baseline 50% inhibitory concentration >.1 uM. Abbreviations: IQ, inhibitory quotient; QAM, every morning;
QHS, every bedtime; Q12H, every 12 h; RTV, ritonavir.

for BMS-626529, with most viruses having a low ICs, result- 73% of the isolates exhibited an ICs, <0.001 uM, while >98%
ing in the potential for high IQs in the majority of subjects.  exhibited an ICsy <0.1 uM [8]. Lower numbers of clinical iso-
For instance, in vitro studies with 133 subtype B clinical enve- lates of subtype A (33) and subtype C (36) showed similar
lopes examined for susceptibility to BMS-626529 showed that results, with >88% and >94%, respectively, exhibiting an ICs,
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<0.1 uM [8]. It is not clear why 15% of subjects (7 of 46) with
subtype B HIV-1 and an available baseline IC5, exhibited an
ICso >0.1 uM in our study, but it may be related to the small
number of subjects enrolled at a single site. Nevertheless, it is
anticipated that a large percentage of the HIV-1-infected pop-
ulation would be highly susceptible to BMS-663068.

This proof-of-concept study demonstrates the potent antivi-
ral activity of the novel attachment inhibitor prodrug BMS-
663068 in HIV-1-infected subjects. These data, together with
the favorable pharmacokinetic profile and generally good tol-
erability observed in this study, support the further clinical de-
velopment of BMS-663068 in combination antiretroviral
therapy. A phase IIb study of BMS-663068 in treatment-
experienced subjects (NCT01384734) is currently ongoing.
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