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Background. PRO 140 is a humanized CCR5 monoclonal antibody that has demonstrated potent antiviral
activity when it is administered intravenously to adults infected with CCR5-tropic (R5) human immunodeficiency
virus type 1 (HIV-1). This study is the first to evaluate subcutaneous administration.

Methods. A randomized, double-blind, placebo-controlled study was conducted among 44 subjects with HIV-
1 RNA levels of 15000 copies/mL, CD4+ cell counts of 1300 cells/mL, no receipt of antiretroviral therapy for �12
weeks, and only R5 HIV-1 detectable. Subjects received placebo, 162 mg of PRO 140, or 324 mg of PRO 140
weekly for 3 weeks or 324 mg of PRO 140 every other week for 2 doses by means of subcutaneous infusion.
Subjects were monitored for 58 days for safety, antiviral effects, and PRO 140 serum concentrations.

Results. Subcutaneous PRO 140 demonstrated potent and prolonged antiretroviral activity. Mean log10 re-
ductions in HIV-1 RNA level were 0.23, 0.99 ( ), 1.37 ( ), and 1.65 ( ) for the placebo, 162P p .009 P ! .001 P ! .001
mg weekly, 324 mg biweekly, and 324 mg weekly dose groups, respectively. Viral loads remained suppressed between
successive doses. Treatment was generally well tolerated.

Conclusions. This trial demonstrates proof of concept for a monoclonal antibody administered subcutaneously
in HIV-1 infected individuals. Subcutaneous PRO 140 offers the potential for significant dose-dependent HIV-1
RNA suppression and infrequent patient self-administration.

Trial registration. ClinicalTrials.gov identifier: NCT00642707.

Highly active antiretroviral therapy (HAART) has trans-

formed the management of human immunodeficiency

virus type 1 (HIV-1) infection and offers the potential

for a normal life expectancy for many individuals who
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have access to care [1, 2]. However, even when it is

effective in reducing plasma viremia to levels that are

undetectable in standard assays, HAART does not erad-

icate HIV-1, and long-term morbidities still occur [3–

6]. In addition, treatment fails to achieve or maintain

optimal viral suppression in many individuals. Further

improvement in care may be realized with the devel-

opment of new antiretroviral agents that inhibit viruses

resistant to existing therapies, exhibit minimal drug or

food interactions, reduce chronic toxicities, and permit

dosing to be infrequent and flexible.

CCR5 coreceptor antagonists represent an emerging

antiretroviral treatment class and are the first, to our

knowledge, to target a host molecule. CCR5 is a che-

mokine receptor that mediates activation and migration

of T cells and other leukocytes. CCR5 also binds the

HIV-1 envelope glycoprotein gp120 and serves as a por-

tal for HIV-1 entry into CD4+ cells [7]. CCR5-using
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(R5) viruses typically mediate transmission and then predom-

inate through the progression to symptomatic disease. Viruses

can use an alternative chemokine receptor, CXCR4, either ex-

clusively or in addition to CCR5. CXCR4-using viruses may

be present early on but tend to become apparent in an in-

creasing percentage of infected individuals in later phases of

disease [8–11]. One small-molecule CCR5 antagonist (mara-

viroc; Pfizer) has been approved for use in antiretroviral treat-

ment–experienced patients [12], and phase 3 clinical studies of

a second small-molecule compound (vicriviroc; Merck) are on-

going [13, 14].

PRO 140 is a humanized CCR5 monoclonal antibody that

potently inhibits R5 viruses and synergizes with small-molecule

CCR5 antagonists, as shown in laboratory studies [15, 16]. PRO

140 does not inhibit CXCR4-using viruses. Previously, an in-

travenous form of PRO 140 was tested as monotherapy in HIV-

1 subjects in whom only R5 virus was detectable [17]. Single

doses, ranging up to 5 mg/kg, were generally well tolerated

relative to placebo and demonstrated potent and prolonged

antiviral activity, with a 1.83 log10 mean reduction in HIV-1

RNA level observed at 5 mg/kg. These findings supported the

development of subcutaneous formulations with the potential

for patient self-administration. In the present study, we ex-

amined the antiviral effects, safety, and pharmacokinetics of

subcutaneous PRO 140 administered weekly or every other

week to HIV-infected individuals.

SUBJECTS AND METHODS

Study design. A phase 2a study was conducted to evaluate

the antiviral activity, tolerability, and pharmacokinetics of

weekly or biweekly subcutaneous doses of PRO 140 in adults

with asymptomatic HIV-1 infection. The protocol was ap-

proved by the institutional review board at each site. All sub-

jects provided written informed consent. Entry criteria includ-

ed age of �18 years, plasma HIV-1 RNA level of �5000 cop-

ies/mL, CD4+ lymphocyte count of �300 cells/mL with no doc-

umented count of �250 cells/mL, no antiretroviral therapy for

�12 weeks, no history of AIDS-defining illness, and only R5

HIV-1 detectable. PRO 140 was provided as a sterile 135-mg/

mL solution in phosphate buffer (pH, 6.8). The placebo was a

matched, sterile, buffer solution without PRO 140. Subjects

were dosed on an outpatient basis with (1) placebo on days 1,

8, and 15; (2) 162 mg of PRO 140 on days 1, 8, and 15 (162

mg weekly); (3) 324 mg of PRO 140 on days 1 and 15 and

placebo on day 8 (324 mg biweekly); or (4) 324 mg of PRO

140 on days 1, 8, and 15 (324 mg weekly). The study drug was

administered by site personnel via subcutaneous infusion into

the arm over ∼5 min, using a syringe pump and Cleo 90 in-

fusion set (Smiths Medical).

Virological evaluations. Plasma HIV-1 RNA level was de-

termined with the Cobas Amplicor HIV-1 Monitor test (version

1.5; Roche Diagnostics) at screening, baseline (day 1), and days

3, 5, 8 (before treatment), 10, 12, 15 (before treatment), 22,

29, 43, and 59. Samples with HIV-RNA levels of !400 copies/

mL were reanalyzed with the Ultrasensitive method. Coreceptor

tropism was determined at screening for all subjects and after

viral rebound for PRO 140–treated subjects by means of the

first-generation Trofile assay (Monogram Biosciences). The En-

hanced Sensitivity (ES) Trofile assay, which was introduced after

the study was initiated, was used in post hoc analyses. Viral

susceptibility to PRO 140 was determined at baseline (day 1)

for all subjects and after viral rebound for PRO 140–treated

subjects by means of the PhenoSense Entry assay (Monogram

Biosciences) as described elsewhere [17].

Safety evaluations. Vital signs, concomitant medications,

and adverse events were recorded during screening and on days

1, 3, 5, 8, 10, 12, 15, 22, 29, 43, and 59. Physical examinations

and clinical laboratory tests for serum chemistry, hematology,

and urinalysis were performed during screening and on days

1, 8, 15, 29, and 59. Twelve-lead electrocardiograms were ob-

tained during screening and on days 1, 3, 8, 10, and 59.

Bioanalytical methods. Serum concentrations of PRO 140

and of antibodies to PRO 140 were determined by enzyme-

linked immunosorbent assay as described elsewhere [17]. Se-

rum for pharmacokinetic analysis was collected before treat-

ment and at 0.5, 1, 3, 6, 24, 32, 48, 56, and 96 h after treatment

during the first week and then on days 8, 12, 15, 22, 29, and

59. Pharmacokinetic metrics were estimated after noncom-

partmental analysis by using WinNonlin (version 5.2; Phar-

sight). Serum samples for anti–PRO 140 antibodies were col-

lected on days 1, 8, 15, 29, and 59. To assess the presence of

PRO 140–neutralizing antibodies, human CCR5-expressing

CEM-NKR cells were incubated with phycoerythrin-labeled

PRO 140 in the presence of test serum. The resulting fluorescent

signal was measured by flow cytometry and compared with the

signal obtained from control serum. CD4+ and CCR5+ lym-

phocyte counts were determined essentially as described else-

where [17]. Lymphocyte counts were determined at screening

(CD4+ cells only) and on days 1, 3, 8, 15, 22, 29, 43, and 59.

CCR5 receptor occupancy was assessed by comparing the num-

bers of lymphocytes that stained positive for binding of phy-

coerythrin-labeled PRO 140 before and after treatment. On

treatment days, bioanalytical samples were collected before the

study drug was administered, unless otherwise indicated.

Statistical methods. All subjects who received at least 1

dose of the study drug were included in the safety evaluations.

Efficacy analyses were performed on log10-transformed HIV-1

RNA level data, and changes were calculated relative to the

baseline values (day 1, before treatment). Treatment and pla-

cebo groups were compared using an analysis of variance

model. If the result of the overall F test was found to be sta-

tistically significant, then each treatment group was compared
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Table 1. Baseline Characteristics of Treated Subjects

Variable

Treatment
with placebo

( )n p 10

Treatment with PRO 140

All subjects
( )n p 44

162 mg weekly
( )n p 11

324 mg biweekly
( )n p 12

324 mg weekly
( )n p 11

Age, years 44.9 (32.3–51.6) 40.0 (29.1–44.6) 45.9 (31.0–59.6) 41.1 (34.8–53.6) 42.3 (29.1–59.6)
Sex, no. male/no. female 9/1 10/1 11/1 10/1 40/4
Race, no. black/no. white 3/7 5/6 5/7 4/7 17/27
Weight, kg 82.3 (59.4–107) 77.0 (59.3–94.4) 88.3 (58.9–102) 69.0 (60.8–83.6) 79.1 (58.9–107)
CD4+ cell count, cells/mL 410 (312–878) 352 (307–611) 493 (357–911) 389 (341–638) 410 (307–911)
HIV-1 RNA level, log10 copies/mL 4.09 (3.94–5.13) 4.43 (3.92–4.97) 4.60 (4.03–6.68) 4.19 (3.61–4.77) 4.40 (3.61–6.68)

NOTE. Data are median (range) values, unless otherwise indicated. HIV-1, human immunodeficiency virus type 1.

with the placebo group by means of the pairwise t test. The

Fisher exact test was used to compare the treatment groups

with the placebo group for the percentage of subjects with a

�1 log10 reduction in HIV-1 RNA level from the baseline value

at any time after treatment and the percentage of subjects with

!400 copies of HIV-1 RNA at any time after treatment. The

Mann-Whitney U test was used to compare CCR5 receptor

occupancy data between placebo and treatment groups. Two-

sided tests were used for all analyses.

RESULTS

Subject characteristics and disposition. Of the 138 subjects

screened, 46 were randomized and 44 received at least 1 dose

of the study drug. The most frequent reasons for screening

failure were nonreportable coreceptor tropism (23 subjects),

CD4+ cell counts of !300 cells/mL (21 subjects), dual/mixed

coreceptor tropism (13 subjects), and HIV-1 RNA level of

!5000 copies/mL (12 subjects). Demographic and baseline

characteristics for the treated subjects are summarized in Table

1. For all subjects, the median age, median CD4+ cell count,

and median plasma HIV-1 RNA level at baseline were 42

years, 410 cells/mL, and 25,100 copies/mL, respectively. Base-

line characteristics were similar among the subjects in the dif-

ferent treatment groups; however, the median weights in the

324 mg weekly and biweekly dose groups differed by 28%.

Fifteen subjects reported prior antiretroviral therapy. Forty-one

of 44 treated subjects completed the study. Two subjects who

received placebo discontinued because of adverse events, and

1 subject treated with 162 mg of the study drug withdrew for

reasons unrelated to safety.

Antiviral effects. Significant, dose-dependent antiviral ef-

fects were observed for each PRO 140 group. Mean log10 re-

ductions in HIV-1 RNA level at virologic nadir were 0.23, 0.99,

1.37, and 1.65 for the placebo, 162 mg weekly, 324 mg biweekly,

and 324 mg weekly groups, respectively. The reduction for each

PRO 140 group was highly statistically significant relative to

placebo (Table 2). Individual viral nadirs typically were ob-

served on day 22 (range, day 15 to day 29) for subjects in the

324-mg groups, with a range of day 15 to day 29.

The mean log10 change in HIV-1 RNA level over time is

depicted in Figure 1. Significant antiviral effects were observed

following the first dose of PRO 140 ( to !.001 for theP p .007

different treatment groups on day 8), and viral loads decreased

with continued dosing. On day 22, the mean log10 decreases in

viral load were 0.15, 0.75, 1.20, and 1.51 for the placebo and

ascending PRO 140 dose groups, respectively (Figure 1 and

Table 2). Viral loads remained suppressed between successive

weekly and biweekly 324-mg doses. For the 324 mg weekly and

biweekly groups, mean viral load reductions exceeded 1 log10

( ) through day 29.P � .001

Antiviral response was defined as a �1 log10 decrease in HIV-

1 RNA level at any time after treatment. With inclusion of 1

subject each with a 0.99 log10 reduction, antiviral response rates

were 89% (10 of 11 subjects; ) and 75% (9 of 12P � .001

subjects; ) for the 324 mg weekly and biweekly groups,P � .001

respectively. Six of 11 subjects treated with 162 mg (55%;

) had a �1 log10 decrease in viral load; no subject inP p .012

the placebo group had a �1 log10 decrease in viral load (Table

2). The 324 mg weekly subject who did not experience a �1

log10 decrease in HIV-1 RNA level had only R5 virus after

treatment. Pretreatment and posttreatment viral susceptibility

to PRO 140, PRO 140 serum levels, and receptor occupancy

data for this subject were similar to those of other subjects

treated with 324 mg weekly. Seventy-three percent of subjects

in the 324 mg weekly group had a viral load of !400 copies/

mL, whereas no subject in the placebo group had a viral load

of !400 copies/mL ( ) (Table 2).P p .001

Safety. Subcutaneous administration of PRO 140 was gen-

erally well tolerated. Forty of 44 subjects overall and 10 of 10

subjects receiving placebo reported at least 1 adverse event. Of

these adverse events, approximately half were considered to be

unrelated to the study drug. There were no drug-related serious

adverse events or dose-limiting toxicities. The most frequently

reported systemic adverse events were diarrhea (6 [14%] of

44), headache (6 [14%] of 44), lymphadenopathy (5 [11%] of
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Table 2. Changes in Human Immunodeficiency Virus Type 1 (HIV-1) RNA Level and CD4+ T Cell Count

Effect

Treatment
with placebo

( )n p 10

Treatment with PRO 140

162 mg weekly
( )n p 11 P

324 mg biweekly
( )n p 12 P

324 mg weekly
( )n p 11 P

Maximum log10 change in HIV-1 RNA level �0.23 (0.29) �0.99 (0.56) .009 �1.37 (0.89) !.001 �1.65 (0.57) !.001

Day 22 log10 change in HIV-1 RNA level �0.15 (0.20) �0.75 (0.41) .007 �1.20 (1.00) !.001 �1.51 (0.65) !.001

No. (%) of subjects with HIV-1 RNA
decreasea

0 (0) 6 (55) .012 9 (75) !.001 10 (91) !.001

No. (%) of subjects with !400 copies/mL
HIV-1 RNAb

0 (0) 1 (9) … 2 (17) … 8 (73) .001

Change in CD4+ cell count, cells/mL

Day 8, median (range) 4 (�70 to 71) 29 (�169 to 198) … 104 (�97 to 317) … 76 (�52 to 219) …

Day 15, median (range) 12 (�101 to 104) 50 (�204 to 278) … 44 (�46 to 178) … 76 (�84 to 246) …

Day 22, median (range) 14 (�184 to 179) 55 (�140 to 153) … 99 (�21 to 243) … 84 (�110 to 296) …

NOTE. Data are mean (standard deviation) values, unless otherwise indicated.
a Subjects with �1 log10 decrease in HIV-1 RNA level at any time after treatment. Includes 1 subject each in the 324 mg biweekly and 324 mg weekly dose

groups with a 0.99 log10 reduction in HIV-1 RNA level.
b Subjects with HIV-1 RNA levels of !400 copies/mL at any time after treatment.

Figure 1. Mean log10 change from the baseline value in human im-
munodeficiency virus type 1 (HIV-1) RNA level over time for the different
treatment groups. The arrows indicate days that the study drug, PRO
140, was administered (days 1, 8, and 15).

44), and hypertension (4 [9%] of 44). No obvious dose-pro-

portional trend in the frequency of adverse events was observed.

There was no clinically relevant drug-related effect on corrected

QT intervals or other electrocardiogram parameters. There were

no notable findings in laboratory safety tests.

Administration-site reactions were infrequent, mild, transient

(duration, 1–2 days), and self-resolving. Rates of reactions were

similar for the placebo and PRO 140 groups. Adverse events

reported in 15% of subjects were induration (9 [20%] of 44),

pain (4 [9%] of 44), and irritation (3 [7%] of 44). No subcu-

taneous infusions were paused or discontinued for any reason.

Pharmacokinetics. Serum concentrations observed during

the first week of treatment are depicted in Figure 2 and were

used to calculate pharmacokinetic metrics. Data for the 324

mg weekly and biweekly groups were pooled for this analysis.

Peak concentrations typically were observed 32–56 h after treat-

ment, with a mean of 6.1 and 13.8 mg/L for subjects treated

with 162 and 324 mg of PRO 140, respectively. The corre-

sponding mean terminal half-lives were 3.4 and 3.7 days, re-

spectively. During the first week after treatment, the mean area

under the PRO 140 concentration-time curve (AUC) values

were 24.4 and 58.8 mg 7 day/L for 162-mg and 324-mg doses,

respectively. Mean AUC values from time 0 to infinity were

∼36% higher. Mean trough concentrations for the 162 mg

weekly group increased from 1.86 mg/mL on day 8 to 2.89 and

3.55 mg/mL on days 15 and 22, respectively. The corresponding

values for the 324 mg weekly group were 5.45, 8.50, and 8.75

mg/mL, respectively.

Low titers of anti–PRO 140 antibodies (�1:32) were detected

on days 29 and/or 59 in 2 subjects treated with 162 mg weekly,

2 subjects treated with 324 mg biweekly, and 3 subjects treated

with 324 mg weekly. All other subjects tested negative for anti–

PRO 140 antibodies. Anti–PRO 140 antibodies had no obvious

effect on pharmacokinetics or antiviral responses. For example,

subjects with positive anti–PRO 140 antibody test results ex-

perienced a mean 1.38 log10 decrease in HIV-1 RNA level,

whereas the mean decrease was 1.32 log10 in PRO 140–treated

subjects who tested negative for anti–PRO 140 antibodies. All

serum samples that tested positive for anti–PRO 140 antibod-

ies were nonneutralizing; ie, the serum samples did not block

binding of PRO 140 to CCR5+ cells in vitro.

Coreceptor tropism and viral susceptibility to PRO 140.

Subjects were eligible for the study if only R5 virus was detected

with the first-generation Trofile assay at screening. Coreceptor

tropism was determined using the same method after viral

rebound in subjects treated with PRO 140. All subjects in the
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Figure 2. Mean serum concentrations of PRO 140 following a 162-mg
or 324-mg subcutaneous dose. The error bars depict standard deviations.
The curve for 324 mg includes data for the 324 mg weekly and biweekly
treatment groups.

162 mg weekly and 324 mg weekly groups maintained R5-only

coreceptor tropism following treatment. However, dual/mixed

virus was detected in 3 subjects in the 324 mg biweekly group

during the study. One of these subjects experienced a 1.1 log10

nadir in viral load on day 8. Minimal antiviral responses (nadir

reduction, !0.5 log10) were observed for the other 2 subjects.

When the 3 subjects were censored, the mean maximum de-

crease in viral load for the 324 mg biweekly group was 1.60

log10.

Screening samples from the 3 subjects with dual/mixed virus

were analyzed after the study by means of the ES Trofile assay.

One subject had detectable levels of dual/mixed virus before

treatment and would have been excluded from the study if the

ES Trofile assay had been available for the screening. Dual/

mixed virus was first detected on day 15 and on day 29 in the

other 2 subjects. Studies are ongoing to determine whether

these subjects had preexisting dual/mixed virus at levels below

the limit of detection of the ES Trofile assay. At the end of the

study (day 59), only R5 virus was detected in samples from

both subjects with the ES Trofile assay.

All viruses were susceptible to inhibition by PRO 140 in the

R5 PhenoSense Entry assay. The mean fold change at baseline

was 1.92 (range, 0.83–3.94). There was no significant change

in fold change values after treatment ( ). All posttreatmentP 1 .8

values were �1.7-fold greater than the pretreatment values. The

maximum percent inhibition of R5 viruses was 98%–100%

both before and after treatment for all subjects, indicating es-

sentially complete inhibition by PRO 140.

Lymphocyte and receptor occupancy analyses. The sub-

jects had CD4+ lymphocyte counts of 307–911 cells/mL at base-

line (Table 1). An increase in CD4+ lymphocyte count was

observed for subjects in each PRO 140 treatment group on days

8, 15, and 22 (Table 2); however, the changes were not statis-

tically significant.

The median baseline CCR5+ lymphocyte count was 35 cells/

mL (range, 3–266 cells/mL). CCR5+ lymphocytes were not de-

pleted following treatment; however, high levels of receptor

occupancy were observed. The median number of cells that

stained positive with fluorescently labeled PRO 140 ex vivo was

reduced to �7% of the pretreatment values between days 3

and 43 for all PRO 140 treatment groups ( relative toP � .004

placebo at each time point). On day 59, receptor occupancy

levels were not significantly different from those measured in

the placebo group for any PRO 140 treatment group (P �

)..08

DISCUSSION

In this study to evaluate subcutaneous delivery of a monoclonal

antibody for the treatment of HIV-1 infection, PRO 140 dem-

onstrated potent and prolonged antiretroviral activity. The

mean maximum reduction in HIV-1 RNA level observed for

the 324 mg weekly dose was 1.65 log10 and is similar in mag-

nitude to that observed in short-term monotherapy studies,

both of small-molecule CCR5 antagonists and of intravenous

PRO 140 [17–20]. Treatment was generally well tolerated. These

findings provide clinical proof of concept for subcutaneous

PRO 140 as a potent and long-acting antiretroviral agent. The

subcutaneous dosage form offers the potential for infrequent

self-administration by patients, and this issue will be explored

in future studies.

Viral load reductions and antiviral response rates increased

as the total amount of PRO 140 administered over 3 weeks

was increased from 486 mg (162 mg weekly) to 648 mg (324

mg biweekly) to 932 mg (324 mg weekly). Because trough

concentrations increased after repeat subcutaneous dosing, a

loading dose potentially could be used to increase the initial

rate of virologic suppression. Faster initial viral decay rates have

been found to be correlated with improved long-term virologic

outcomes [21, 22]. After an initial loading dose, potent virolog-

ic suppression and steady-state trough concentrations of PRO

140 might be attainable with subcutaneous maintenance doses

similar to those examined here.

Significant antiviral effects were observed for PRO 140 ad-

ministered both weekly and every other week, and virologic

suppression was maintained between successive doses. A week-

ly regimen may offer appreciable latitude of 1 or more days in

the timing of subsequent dosing. Frequent dosing can provide

a barrier to adherence [23–25], such that once-daily regimens

are recommended over twice-daily regimens [26]. However,

there currently are a limited number of once-daily antiretroviral

regimens, especially for patients with drug-resistant virus. The

availability of a long-acting antiretroviral agent would provide

an additional option for constructing alternative treatment reg-
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imens that are more accommodating. The mean reduction ob-

served at virologic nadir following 3 weekly 324-mg subcuta-

neous doses (1.65 log10) (Table 2) was similar in magnitude to

the reduction of 1.83 log10 observed previously for a single 5

mg/kg intravenous dose [17]; however, pharmacodynamic dif-

ferences were evident. Peak serum concentrations were ∼10-

fold lower after subcutaneous dosing (13.8 mg/mL) than they

were after intravenous dosing (173 mg/mL [17]), indicating that

the high serum concentrations achieved with intravenous dos-

ing are not required for potent virologic suppression. Although

subcutaneous and intravenous PRO 140 exhibited similar se-

rum half-lives, the apparent overall exposure, as determined

by AUC analysis of serum concentrations, was ∼3.5-fold lower

after a single 324-mg subcutaneous dose, compared with a

single 5 mg/kg intravenous dose (mean total dose, 367 mg).

Proteins and other macromolecules drain from subcutaneous

sites into both blood capillaries and the lymphatic system. In

animals, proteins with molecular weights of 116,000 Da have

been observed to drain primarily into the lymphatic system

following subcutaneous administration [27]. Such proteins

transit through lymph fluid and typically are not absorbed sig-

nificantly into the blood until they reach the thoracic duct.

Because the molecular weight of PRO 140 is ∼150,000 Da, a

substantial amount of subcutaneous PRO 140 can be expected

to drain into the lymphatic system and potentially encounter

CCR5+ cells in lymphoid tissues prior to reaching the blood-

stream. For these reasons, serum concentrations may not pro-

vide a full picture of the overall exposure following subcuta-

neous dosing of PRO 140.

In order to evade inhibition by CCR5 drugs, HIV-1 can adapt

either to use CCR5 in the presence of drug or to use an al-

ternative coreceptor [28]. In clinical trials of CCR5 inhibitors,

adaptation to an alternative coreceptor typically has reflected

outgrowth of preexisting CXCR4-using viruses rather than de

novo mutation of R5 viruses [29–32]. Three PRO 140–treated

subjects (9%) had dual/mixed virus detected in their serum

samples during the study. Each of these subjects was in the 324

mg biweekly dose group. This imbalance may be due to chance

because of the small number of subjects in each group. These

3 subjects had minimal or blunted antiviral responses, as ex-

pected. One subject had preexisting dual/mixed virus at levels

that would have excluded the subject from the study if the ES

Trofile assay had been available at screening. Further analysis

of the pretreatment viruses of the other 2 subjects is ongoing

and will be reported separately. A loading dose may decrease

the potential for dual/mixed virus to emerge following initia-

tion of treatment with PRO 140, as may the presence of ad-

ditional antiretroviral agents in future combination regimens.

Finally, because the potential for outgrowth of CXCR4-using

viruses is related to the sensitivity of the tropism test used for

screening, this resistance pathway may diminish in clinical im-

portance as tropism assays become increasingly sensitive in

detecting CXCR4-using viruses.

There was no change in R5 viral susceptibility to PRO 140

following 3 weeks of monotherapy, indicating no adaptation

of virus to use CCR5 in the presence of drug. Similarly, no

development of R5 viral resistance was observed following treat-

ment with single intravenous doses of PRO 140, which pro-

duced significant antiviral effects for 2 weeks [17]. In contrast,

phenotypic and/or genotypic resistance has been reported

within 2 weeks of monotherapy with some nonnucleoside re-

verse transcriptase inhibitors [33–36]. The PRO 140 results are

especially notable in that monotherapy was followed by slow

washout of the drug. Such conditions can foster development

of antiretroviral drug resistance [37, 38]. Overall, our findings

suggest that PRO 140 presents a high barrier to resistance.

This study is the first to examine subcutaneous administra-

tion of PRO 140 in humans. An infusion pump was used to

control and potentially pause administration, if necessary. Sub-

cutaneous administration was well tolerated. No infusions were

interrupted for any reason. Subcutaneous infusion currently is

used by individuals with primary immunodeficiency to self-

administer at home considerably larger amounts (∼11 g) and

volumes (∼70 mL total, up to 15 mL/site) of immunoglobulin

weekly [39, 40]. Self-administration of 324 mg of subcutaneous

PRO 140 would be much simpler in comparison. In addition,

the favorable local tolerability that was observed in the present

study supports further studies to examine self-administration

of PRO 140 by subcutaneous injection.

In summary, the current study establishes proof of concept

for subcutaneous infusion of a therapeutic monoclonal anti-

body for the treatment of HIV-1 infection. Subcutaneous PRO

140 offers the potential for significant suppression of HIV-1

replication and infrequent patient self-administration.
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