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Background. HGS004 is a fully human immunoglobulin (Ig) G4 monoclonal antibody against CC chemokine
receptor 5 (CCR5) with robust in vitro activity against a diverse panel of CCR5-tropic human immunodeficiency virus
type 1 (HIV-1) isolates.

Methods. A single-blind, randomized, placebo-controlled study was conducted in patients infected with CCR5-
tropic HIV-1 to evaluate the safety, pharmacokinetics, and antiviral activity of HGS004. Sixty-three subjects were
randomized into 5 dose cohorts (0.4, 2, 8, 20, and 40 mg/kg) and received a single intravenous dose of HGS004 or
placebo.

Results. HGS004 was well tolerated, and no dose-limiting toxicities were observed. Pharmacokinetics were non-
linear across the 0.4—40-mg/kg dose range, with dose-proportional increases in maximum concentration, although
the area under the curve increased more than proportionally to dose. High levels of receptor occupancy were observed
for up to 28 days in the higher-dose cohorts. Plasma HIV-1 RNA reductions of >1 log,, at day 14 were observed in 14
(54%) of 26 subjects in the 8-, 20-, and 40-mg/kg cohorts. In the 40-mg/kg cohort, 4 of 10 subjects had a >1 log;,
HIV-1 RNA reduction at day 28. Drug concentrations relative to isolate sensitivity (the ratio of the concentration at

day 14 to ICy,) predicted antiviral response on day 14.

Conclusions. HGS004 is safe and well tolerated and demonstrates meaningful antiviral activity when adminis-

tered to patients infected with CCR5-tropic HIV-1.

The availability of highly active antiretroviral therapy
has markedly improved the outcomes for patients with
HIV-1 infection. The success of current therapies is lim-
ited, however, by the emergence of drug-resistant vi-
ruses, the need for sustained adherence to complex reg-
imens, and the potential for toxic side effects. Entry
inhibitors represent an exciting class of new agents, be-
cause they can block HIV-1 infection at the earliest
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stages of the virus life cycle [1-4]. CCR5 is a chemokine
receptor on the cell surface that, together with CD4, me-
diates the binding of the HIV-1 envelope and promotes
viral entry into the cell. Natural chemokine ligands for
CCR5 include macrophage inflammatory protein
(MIP)-1a and MIP-1B, RANTES, and monocyte che-
motactic protein—2 [5-8]. Small-molecule inhibitors of
CCRS5 have shown excellent antiviral activity when ad-
ministered as a single agent in 10-day clinical trials [9,
10]. Longer-term safety and efficacy data for vicriviroc
has recently been reported [11], as have phase 3 results
for maraviroc, leading to the approval of this agent when
used in combination with other classes of antiretroviral
agents in treatment-experienced patients [12].

HGS004 is a fully human IgG4 monoclonal antibody
that specifically binds to the second extracellular loop of
CCRS5, thereby inhibiting HIV envelope—dependent
cell-cell fusion and blocking viral entry [13]. This anti-
body is also a potent inhibitor of chemokine (MIP-1a,
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MIP-B, and RANTES) binding to the receptor. Importantly,
HGS004 does not induce signaling or mediate antibody-
dependent, cell-mediated cytotoxicity in human cells [13]. Fur-
thermore, in vitro studies with currently approved agents repre-
senting each of the antiretroviral drug classes—nucleoside
reverse-transcriptase inhibitors (zidovudine and lamivudine),
nonnucleoside reverse-transcriptase inhibitors (efavirenz),
protease inhibitors (indinavir), and fusion inhibitors (enfu-
virtide)—demonstrated that HGS004 acts synergistically with
all currently approved classes of antiretroviral agents [14, 15].
HGS101 is an affinity-matured derivative of HGS004 currently
in preclinical development; it is 5-10-fold more potent in block-
ing HIV-1 entry but retains other characteristics of HGS004.
Long-term coculture of clinical isolates in vitro for >24 weeks in
the presence of HGS004 or HGS101 failed to result in the emer-
gence of viruses with increased ICs, values, suggesting that it may
be difficult for viruses to develop resistance to these competitive
inhibitors of CCR5 [15].

Here, we report the results of a phase 1 clinical study in pa-
tients with HIV-1 infection. The primary objective of the study
was to evaluate the safety and tolerability of escalating doses of
HGS004 administered as a single intravenous infusion. The sec-
ondary objectives were to describe the pharmacokinetics and
pharmacodynamics (changes in CD4 cell counts and reductions
in HIV-1 RNA levels) of HGS004.

METHODS

Study design. This was a dose-escalation, randomized, single-
blind, placebo-controlled, multicenter study. The study was ap-
proved by the institutional review boards at each site, and subjects
provided written informed consent. Inclusion criteria required
documented evidence of HIV-1 infection; subjects who were either
naive to previous antiretroviral therapy or, if treatment experi-
enced, had not received any antiretroviral therapy in the 8 weeks
before screening; and HIV-1 isolates that were CCR5 tropic by the
PhenoSense Entry assay (Monogram Biosciences). Eligible patients
had CD4 cell counts >250 cells/uL and plasma HIV-1 RNA levels
>5000 copies/mL. Subjects coinfected with hepatitis C or hepatitis
B viruses were excluded. Five dose levels were assessed: 0.4, 2, 8, 20,
and 40 mg/kg. For each dose level, subjects were randomized to
receive either placebo (2 subjects) or active drug (8 subjects), ad-
ministered as a single intravenous infusion on day 0, and were then
followed up for 56 days. Safety data were reviewed by an internal
safety monitoring board to enable dose escalation.

Study agent. HGS004 is a recombinant, fully human, IgG4
monoclonal antibody derived from XenoMice (Abgenix) that
binds CCR5 with high affinity and was selected on the basis of
anti-HIV potency [13]. HGS101 is derived from HGS004 as an
affinity-matured (using phage-display technology) second-
generation compound with greater antiviral potency. HGS004
and HGS101 are expressed in the NSO mouse myeloma cell line,

secreted into culture medium, and purified by a series of chro-
matography and filtration steps. HGS004 and placebo were sup-
plied as a lyophilized formulation and stored in sterile, single-
use vials. For intravenous administration, the study agent was
reconstituted, diluted in normal saline, and infused over 2 h.

Safety and laboratory assessments. Evaluation of safety in-
cluded adverse event monitoring, physical examination, and
clinical laboratory assessments (hematology, serum chemistry,
and urinalysis). Safety was assessed from baseline before dosing
through 56 days after treatment. Plasma HIV-1 RNA levels and
CD4 cell counts were measured on days 0, 1,2,4, 7, 14,21, 28,42,
and 56. Samples were collected to assess HIV-1 isolate tropism
(CCRS5 tropic, CXCR4 tropic, or dual/mixed [i.e., CXCR4-
CCR5]) and isolate susceptibility (IC5, and ICy,) to HGS004 and
HGS101 by use of the PhenoSense Entry assay [11, 12]. The
development of anti-HGS004 antibodies was assessed by mea-
suring serum reactivity with HGS004 by ELISA before dosing
and up to 56 days after dosing.

Pharmacokinetics. Blood samples for serum HGS004 con-
centration measurement were collected before dosing; 5 min
and 1, 3, and 6 h after completion of infusion on day 0; and on
days 1,2,4,7, 14, 21, 28, 42, and 56. Serum HGS004 concentra-
tions were analyzed by a qualified ELISA. Pharmacokinetic anal-
yses were conducted by noncompartmental or compartmental
methods using the software package WinNonlin Professional
Edition (version 4.1; Pharsight). Because there were no measur-
able serum HGS004 concentrations reported after day 4 for all
subjects in the 0.4-mg/kg cohort, the data were analyzed using a
noncompartmental method; only maximum concentration
(Ciay) and area under the curve (AUC),_p. could be evaluated.
For the 2-, 8-, 20-, and 40-mg/kg cohorts, a 2-compartment in-
fusion model with first-order elimination from the central com-
partment was used to fit the pharmacokinetic data. The linearity
of the pharmacokinetic data over the dose range evaluated was
assessed using 1-way analysis of variance (Prism; version 4.00).
A significance level of & = .05 was used to assess differences.

Receptor occupancy. Blood samples for the receptor occu-
pancy assay were collected before dosing, 1 h after completion of
the infusion on day 0, and on days 1, 7, 14, 28, and 56. To mea-
sure relative occupancy of CCR5 on CD4" T cells from subjects
treated with HGS004, a saturation-based flow cytometry blood
assay was developed. To establish 100% occupancy, HGS004 was
spiked into control wells at a final concentration of 20 ug/mL,
because this concentration has been determined to yield maxi-
mum staining intensity in the system. Samples of unknown rel-
ative occupancy were processed in parallel. All sample wells were
washed to remove excess unbound HGS004, followed by incu-
bation with fluorochrome-labeled antibodies in combinations
to identify leukocytes (CD45; BD Biosciences), T helper cells
(CD4; BD Biosciences), and bound HGS004 (mouse anti—hu-
man IgG,; Southern Biotechnology Associates). Sample analysis
was performed on a Becton Dickinson FACSCalibur flow cy-
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Table 1. Subject characteristics.

HGS004 dose, mg/kg

Characteristic Placebo (n = 13) 0.4 (nh = 8) 2(n=13) 8(n=29) 20(n=10) 40(n=10)
Age, mean = SD, years 40.1 = 6.4 455+35 404+88 399*+56 40.6 = 6.9 39.6 = 6.2
Male sex, no. (%) 9 (69) 8(100) 12 (92) 8 (89) 8 (80) 9 (90)
Treatment naive/experienced, no. 4/9 5/3 8/5 6/3 1/9 3/7
CD4 cell count, mean = SD, cells/uL 639 + 276 364 + 141 465 + 155 411 £ 135 480 + 179 336 = 110
HIV-1 RNA level, mean = SD, log, copies/mL 43*0.7 48=*0.7 41 +0.7 47 +0.7 40=*05 4.4+ 05

tometer using CellQuest software for data collection. CD4" T
lymphocytes were selected for analysis by using light-scatter
analysis and CD45/CD4 staining. Relative CCR5 receptor occu-
pancy was determined by dividing the mean fluorescence inten-
sities of 3 replicates of the human IgG, reporter fluorochrome in
the unknown samples by the fluorescence mean of 3 replicates of
the human IgG, reporter fluorochrome in the spiked samples,
with the result expressed as a percentage.

Statistical analyses. For safety analyses, the modified
intention-to-treat population was used, defined as the subset of
all randomized subjects who received study agent. Data on the
occurrence of adverse events were analyzed using Fisher’s exact
test. The Spearman correlation coefficient was used to assess the
association between HIV-1 RNA reduction on day 14 and
HGS004 concentrations in excess of clinical isolate ICy, for indi-
vidual subjects. A linear regression model was used to reveal the
relationship between HIV-1 RNA reduction and the ratio of se-
rum concentrations of HGS004 and isolate ICy,. All statistical
tests were 2 sided and were performed at a significance level of
.05 unless otherwise specified. Because of the exploratory nature
of this study, no adjustments for multiple data comparisons
were made. All statistical analyses were performed using SAS, R
statistical package, Prism, and WinNonlin software.

RESULTS

Subject disposition and patient demographics. A total of 131
subjects were screened and 70 subjects were randomized, but 7
subjects withdrew consent after randomization and before re-
ceiving treatment. Therefore, 63 randomized subjects received
study agent and were treated in 5 treatment groups. Fifty sub-
jects received HGS004, and 13 received placebo. All subjects
completed the study. Data for all subjects were included in the
analyses. The demographics of subjects across the treatment
groups were well balanced for age, sex, and baseline HIV-1 RNA
levels (table 1). The majority of subjects were male (54/63
[86%]), the mean age was 41 years, the mean HIV-1 RNA level
was 4.4 log,, copies/mL, and mean CD4 cell counts ranged from
336 to 639 cells/uL. The proportion of treatment-naive subjects
varied across treatment groups.

Safety and tolerability. In general, HGS004 was safe and
well tolerated. No severe (grade 3—4) adverse events were ob-

served. Most of the adverse events were transient, mild to mod-
erate in severity, and similar in type and severity among placebo
and active treatment subjects. Two treatment-related serious ad-
verse events (moderate severity) of infusion-related urticarial
rash occurred in the 2-mg/kg cohort. Both subjects were treated
with a single dose of diphenhydramine with rapid clinical re-
sponse, and no recurrence of urticaria was observed during the
study duration for either subject. Subsequent subjects were pre-
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Figure 1. Serum concentration of HGS004 (4) and receptor occupancy
(RO) of CD4 cells expressing CCR5 in peripheral blood by HGS004 (B) in
subjects receiving a single intravenous infusion of 0.4, 2, 8, 20, or 40 mg/kg.
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Table 2. Pharmacokinetic parameters for the 5 treatment cohorts.

HGS004 dose, mg/kg

Parameter 0.4(n=28) 2(n=13) 8(n=29) 20 (n =10) 40 (n = 10) pa

Crax/dose, kg/mL 0.021 = 0.004 0.020 £0.005 0.021 =0.006 0.016 £0.004 0.021 = 0.040 1254
AUC,_/dose, kg-day/mL  0.014 =0.003  0.029 £0.011  0.059 +£0.024 0.074 =0.036 0.111 =0.031  <.0001
2,0 days 0.61 £ 0.22 0.79 = 0.39 0.83 = 0.84 1.09 = 0.67 .2931
tiy,5. days 473 x1.24 5.24 +1.87 7.34 £ 2.41 7.94 +2.07 .0008
Vss, mL/kg 108.3 = 34.7 96.9 = 32.7 1388:1° == 50.3 89.8 + 23.9 .0628
CL, mL/day/kg 38.3 £ 16.1 214145 16.9 x84 9.8x3.0 <.0001
MRT, days 32x14 52*18 85=x20 95=*20 <.0001

NOTE. Data are mean = SD values and were analyzed using a noncompartmental model. AUC, area under the curve; CL, total body
clearance of drug from serum; C..,, maximum concentration; MRT, mean residence time; t;, ., distribution-phase half-life; t,, 5, elimination-

phase half-life; Vs, volume of distribution at steady state.

@ Pvalues were determined by 1-way analysis of variance, with a significance level of @ = .05.

treated with oral diphenhydramine before the infusion. No in-
stances of rash were observed in the additional 6 subjects who
were enrolled in the 2-mg/kg cohort or in the higher-dose co-
horts. No clinically significant laboratory abnormalities were
observed. Adverse events did not appear to be dose related. The
most common adverse events among the 50 subjects receiving
HGS004 were infusion-site bruising (4/50 [8%]), nasopharyngi-
tis (4/50 [8%]), cough (2/50 [4%]), diarrhea (2/50 [4%]), urti-
carial (2/50 [4%]), fatigue (2/50 [4%]), headache (2/50 [4%]),
otitis externa (2/50 [4%]), and upper respiratory tract infections
(2/50 [4%]). Among placebo recipients, chilling (2/13 [15%])
was the most common adverse event.

Pharmacokinetics and receptor occupancy. After a single
intravenous infusion of HGS004, drug was detected in serum at
all doses evaluated, as shown in figure 1A. There was a rapid
decline in serum HGS004 concentration in the first 1-2 days,
and a more gradual decline over the study duration. Serum
HGS004 concentration-time profiles were multiphasic and best
fit a 2-compartment open model with first-order elimination
from the central compartment. Drug levels in excess of the me-
dian ICs of clinical isolates to HGS004 were maintained for =28
days at doses =8 mg/kg (figure 1A). However, only the 8-, 20-,
and 40-mg/kg doses achieved HGS004 levels in excess of median
isolate ICy, for significant periods of time. As shown in table 2,
the pharmacokinetic data were nonlinear; C,,,,, was dose propor-
tional, whereas AUC increased more than proportionally to
dose. The mean distribution-phase half-life (,,,,) was 0.6—1.1
days, and the mean terminal elimination-phase half-life (¢;,)
was 4.7-7.9 days. Mean HGS004 clearance after a single intrave-
nous dose ranged from 9.8 to 38.3 mL/kg/day, substantially less
than the glomerular filtration rate, indicating that, as expected
for this monoclonal antibody, renal excretion is not an impor-
tant clearance pathway. Overall, HGS004 pharmacokinetic data
are nonlinear across the 0.4—40-mg/kg dose range. Elimination
of HGS004 appears to be dependent on dose, whereas distribu-
tion of HGS004 appears to be independent of dose.

The level of CCR5 saturation (receptor occupancy) by
HGS004 on CD4 cells in peripheral blood in the different treat-
ment cohorts during the study is shown in figure 1B. In the
lower-dose cohorts (0.4 and 2 mg/kg), receptor occupancy levels
decreased significantly by day 7. In the higher-dose cohorts (8,
20, and 40 mg/kg), high-level (=80%) receptor occupancy was
observed up to day 28. In the higher-dose cohorts (20 and 40
mg/kg), significant levels of receptor occupancy were observed
up to day 56. No clear correlation was observed between recep-
tor occupancy and serum concentrations of HGS004.

Antiviral activity. Significant reductions in HIV-1 RNA
were observed only in the higher-dose cohorts (8, 20, and 40
mg/kg), as shown in figure 2. The dynamics of HIV-1 RNA re-
ductions were characterized by minimal decrease in the first 2
days after drug administration. Consistent with the mechanism
of action for an entry inhibitor, a rapid decrease in HIV-1 RNA
level was observed starting on day 4, with maximal reductions
observed on days 7 and 14 in the 8- and 20-mg/kg cohorts. A
rebound in HIV-1 RNA level was observed by day 21 in the
majority of subjects, with gradual return to baseline by day 56. In
the highest-dose treatment group (40 mg/kg), some subjects
showed a continued reduction to day 21, as shown in figure 2B.
The return to pretreatment levels also occurred later in the 40-
mg/kg group. The majority of subjects (83%) in the higher-dose
groups (8—40 mg/kg) demonstrated a =0.5 log;, reduction in
HIV-1 RNA level on day 14. The proportion of subjects with a
=1.0 logy, reduction in HIV-1 RNA level on day 14 was 56%,
60%, and 50% in the 8-, 20-, and 40-mg/kg cohorts, respectively.
However, a higher proportion of subjects receiving 40 mg/kg of
HGS004 maintained a =1.0 log,, reduction on day 28 (40% in
the 40-mg/kg group vs. 10.5% in the 8- and 20-mg/kg groups).

All subjects were monitored on days 0, 28, and 56 for change
in isolate susceptibility to HGS004 and for the presence of dual/
mixed-tropic (CXCR4/CCR5) or CXCR4-tropic isolates. A du-
al/mixed virus population of CXCR4/CCR5-tropic HIV-1 iso-
lates was detected in 5 subjects, including 3 subjects in the 40-
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Figure 2. A, Mean HIV-1 RNA reduction observed during a 56-day
period in patients receiving a single intravenous infusion of HGS004 (0.4,
2, 8, 20, or 40 mg/kg), compared with placebo. B, HIV-1 RNA reduction
in individual subjects receiving the maximum single intravenous dose of
40 mg/kg. DM refers to the 3 subjects who had dual/mixed (CXCR4/
CCRb)—tropic isolates detected during the study.

mg/kg group (figure 2B) and 1 subject each in the 20- and 0.4-
mg/kg groups. Each of these subjects had a high baseline HIV-1
RNA level (4.5-5.1 log, copies/mL), and in 1 subject a dual/
mixed population was detected on day 0. None of the 5 subjects
with a tropism shift had significant antiviral response. No tro-
pism shifts were observed in subjects receiving placebo.
HGS004 serum levels and antiviral response. Because the
maximum antiviral response was observed on day 14, a correla-
tion analysis was performed to assess the association between
HIV-1 RNA reduction on day 14 and HGS004 concentrations
that exceeded the ICy, for each patient’s clinical isolates. As
shown in figure 3A a strong correlation was observed between
reductions in HIV-1 RNA and drug concentrations relative to
isolate sensitivity (Cgay1a/ICq) in subjects who demonstrated a
significant HIV-1 RNA reduction (=1 log,,) on day 14 with
HGS004 levels that were close to or exceeded the individual sub-
ject’s clinical isolate ICy( susceptibility to HGS004). The
exposure-response relationship between antiviral activity on day

14 and HGS004 serum levels was explored using a maximum
effect (E,,,) model. As shown in figure 3B, the E,,,, model pre-
dicted that the maximum antiviral activity is estimated to be 1.31
logy copies/mL. Given the correlation between antiviral re-
sponse and serum drug levels, the susceptibility of individual
subject HIV-1 isolates to a more potent fully human monoclonal
antibody (HGS101) was assessed. As shown in figure 4, HGS101
demonstrated a median 5.5-fold greater in vitro activity. The
potency was further enhanced (median, 7.3 fold) over HGS004 in
isolates that were less susceptible to HGS004 (ICyy >50 g/mL).
CD4 and CD8 cell counts. The changes in CD4 and CD8
cell numbers from baseline are shown in figure 5. Significant
increases in both CD4 and CDS8 cell counts were observed after
the infusion of HGS004 in all dose cohorts. The overall mean
maximal increase ranged from 155 to 224 cells/uL for CD4 cell

Spearman r=-0.6483
1 P<.0001
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0.4 mg/kg
2 mg/kg
8 mg/kg
20 mg/kg
40 mg/kg

O 4 x opb o
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T T T T T T
0.001 0.01 0.1 1 10 100
Cday14/|090
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£ 05 EAUC;, = 200 £ 91 day-ug/mL | — predicted
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Figure 3. Pharmacodynamics of HGS004. A, Relationship of HIV-1
RNA reduction at day 14, serum HGS004 concentrations at day 14 {Cyay1a),
and HIV-1 isolate susceptibility (ICg) in individual subjects. B, Relation-
ship of HIV-1 RNA reduction at day 14 and drug exposure (area under the
curve [AUC]) in individual subjects. EAUCs,, AUC at 50% maximum effect;
Eivax. maximum effect.
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Figure 4. Comparison of the potency of monoclonal antibodies
HGS004 and HGS101 on the basis of clinical isolate ICq values in
individual subjects.

counts and from 477 to 1045 cells/uL for CD8 cell counts across
the 5 treatment groups. The increase from baseline values for
both CD4 and CD8 cell counts persisted beyond day 28 for sub-
jects in the high-dose cohorts (8, 20, and 40 mg/kg). In general,
subjects who achieved an increase in CD4 cell count also showed
anincrease in CD8 cell count (data not shown). These significant
changes in lymphocyte counts were not accompanied with any
change in polymorphonuclear cell (e.g., neutrophil) counts.
There was no clear correlation observed between the change in
CD4 and CD8 cell counts and drug concentrations, receptor
occupancy, or antiviral response.

DISCUSSION

The development of novel agents that inhibit HIV-1 replication
by blocking its interaction with the CCR5 receptor has several
potential advantages; these include a potentially higher genetic
barrier against the development of viral resistance and synergy
with other classes of antiretroviral agents, including other entry
inhibitors. The recent demonstration of efficacy and safety with
small-molecule allosteric inhibitors of CCR5, including the re-
cent approval of maraviroc by the Food and Drug Administra-
tion [9-12], support the development of long-acting, competi-
tive, direct inhibitors that provide additional advantages of lack
of significant drug interactions, activity against resistant strains,
and a route of administration that may improve compliance.
Challenges that face the development of this class of agents in-
clude the restricted use in patients infected with CCR5-tropic
virus, and potential concerns related to the selection of dual-
tropic or X4-tropic virus. In this study, we have demonstrated
that limited exposure to a wide dose range of HGS004, a fully
human IgG4 CCR5 monoclonal antibodys, is safe and well toler-
ated, although several questions were raised pertaining to the
clinical pharmacology of the compound.

Pharmacokinetics and pharmacodynamic response. The
nonlinear pharmacokinetic data of HGS004 observed across the
10-fold dose range are of interest. Dose-normalized AUC in-
creased ~4-fold, and a similar decrease in clearance was ob-
served between the 2- and 40-mg/kg doses. Similarly, high levels
of receptor occupancy were achieved for ~6 days at 2 mg/kg, 26
days at 8 mg/kg, and 30 days at 20 and 40 mg/kg. Hence,
multiple-dose exposure studies are indicated to explore further
the apparently increasing saturation of the target receptor with
higher HGS004 doses. Although there is a correlation between
drug concentrations and antiviral activity (Cyay14/ICo ratio and
E...x model), no clear dose response was observed between the
8-, 20-, or 40-mg/kg treatment groups. Moreover, only 55% of
patients had a significant antiviral response (=1 log,, reduction
in HIV-1 RNA level) with these doses. The lack of significant
HIV-1 RNA reduction in some patients correlated well with in-
dividual isolate susceptibility (ICyy) to HGS004. Cumulatively,
these finding indicate that the anti-HIV potency of HGS004 as a
single agent may be suboptimal. The enhanced potency, espe-
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2504 - 0.4 mg/kg -+ 20 mg/kg
—o- 2 mg/k —o— 40 mg/k
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CD8 cell count change, cells/uL
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Figure 5. Mean change in CD4 (4) and CD8 (B) cell counts from
pretreatment levels during a 56-day period in subjects receiving a single
intravenous infusion of HGS004 (0.4, 2, 8, 20, or 40 mg/kg) or placebo.
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cially in more resistant isolates of the second-generation mono-
clonal antibody HGS101, therefore makes this a promising can-
didate for future evaluation.

Shift in coreceptor tropism. A switch from CCR5 to CXCR4
tropism occurs spontaneously in ~50% of HIV-infected pa-
tients with advanced disease and has been associated with disease
progression [16, 17]. A low frequency of detection of isolates
demonstrating a tropism shift to a dual/mixed population was
observed in this monotherapy study. We also did not observe a
decrease in circulating CD4 T cell counts in persons in whom
these shifts occurred. The majority of tropism shift occurred in
the higher-dose cohorts, given the higher selection pressure with
waning drug levels over a prolonged duration of up to 56 days. It
should also be noted that when a CCRS5 inhibitor is administered
consistently as part of a combination treatment regimen, the
emergence of X4-tropic viruses would not be selected for as
readily [11, 12]. Nonetheless, further trials of these agents should
be monitored carefully for the emergence of X4-tropic viruses
and for the clinical implications of such occurrences.

CD4 and CDS8 cell count changes. Another interesting observa-
tion in this study was the remarkable increase in circulating CD4
and CD8 cell counts in peripheral blood after administration of
HGS004, even at the lowest dose. Increases were observed as early as
day 1 and were maintained beyond day 28 in the higher-dose co-
horts. It is likely that the increases are due to redistribution or al-
tered trafficking of CCR5-expressing CD4 and CD8 cells from pe-
ripheral tissue to the vascular compartment. The long-term
consequences of these observed changes on the immune status of
patients will need further investigation. HGS004 is also a potent
inhibitor of the binding of the 3 major CCRS5 ligands (MIP-1a,
MIP-1f, and RANTES) that bind to CCR5. These proinflamma-
tory chemokines may contribute to the general state of immune
activation that is thought to drive disease progression in HIV-1 in-
fection [18-20]. This interesting activity of HGS004 must be ex-
plored further to define better the role of CCR5 antagonism in
modulating the immune-activation state and its relationship to dis-
ease progression in HIV-1 infected patients.

In conclusion, this dose-ranging study provides proof of con-
cept that HGS004, a fully human IgG4 monoclonal antibody
against CCRS5, is safe and demonstrates meaningful anti-HIV-1
activity. Further studies are warranted to explore further the an-
tiviral activity of the more potent monoclonal antibody HGS101
and the possible immune-modulating properties of this agent in
patients with HIV-1 infection.
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