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AMD-3100, a bicyclam, is a novel agent that uniquely inhibits the entry of human immunodeficiency virus
type 1 (HIV-1) into CD41 T cells via selective blockade of the chemokine CXCR-4 receptor. Twelve healthy vol-
unteers were given AMD-3100 as a single 15-min intravenous infusion at 10, 20, 40, or 80 mg/kg. Five subjects
also received a single subcutaneous injection of AMD-3100 (40 or 80 mg/kg). Three subjects received two es-
calating oral doses each (80 and 160 mg/kg). All subjects tolerated their dose(s) well without any grade 2 tox-
icity or dose adjustment. Six subjects experienced mild, transient symptoms, primarily gastrointestinal in na-
ture and not dose related. All subjects experienced a dose-related elevation of the white blood cell count, from
1.5 to 3.1 times the baseline, which returned to the baseline 24 h after dosing. AMD-3100 demonstrated dose
proportionality for the maximum drug concentration in serum (Cmax) and the area under the concentration-
time curve from 0 h to ` (AUC0–`) over the entire dose range. At the highest intravenous dose (80 mg/kg), the
median Cmax was 515 (range, 470 to 521) ng/ml and the AUC0–` was 1,044 (range, 980 to 1,403) ng-h/ml. The
median systemic absorption after subcutaneous dosing was 87% (range, 67 to 106%). No drug was detectable
in the blood following oral dosing. Using a two-compartment model, the median pharmacokinetic parameter
estimates (ranges) were as follows: volume of distribution, 0.34 (0.27 to 0.36) liter/kg; clearance, 1.30 (0.97 to
1.34) liters/h; elimination half-life, 3.6 (3.5 to 4.9) h. After a single, well-tolerated intravenous dose of AMD-
3100, concentrations were sustained for 12 h above the in vitro antiretroviral 90% inhibitory concentrations
and for 8 h above antiviral concentrations identified in the SCID-hu Thy/Liv mouse model of HIV infection.

Current anti-human immunodeficiency virus (HIV) therapy
employs drugs that inhibit HIV replication via reverse tran-
scriptase or protease inhibition (9). Although these two classes
of antiretroviral drugs decrease the HIV load and prolong life,
eradication of infection has not been achieved due, in part, to
the viral reservoirs remaining in blood and infected tissue (5,
30, 33). This problem is exacerbated by viral resistance to the
triple combination of drugs currently used for first-line treat-
ment of HIV infection and cross-resistance to drugs within the
same class. The identification of new classes of antiretroviral
drugs with unique mechanisms of action therefore remains an
important therapeutic objective.

The bicyclam AMD-3100 (Fig. 1) exhibits potent and selec-
tive inhibition of HIV type 1 (HIV-1) and HIV-2 replication by
binding to the chemokine receptor CXCR4, the receptor used
by T-tropic (X4) HIV in addition to CD4 for membrane fusion
and entry into the cell (12, 14, 20, 25, 26). AMD-3100 does not
bind to the other physiologically relevant chemokine receptor,
CCR5, which has been found to mediate the entry of macro-
phage-tropic (R5) HIV (2, 6, 11, 13, 25). The coreceptor used
by the virus for entry (or viral tropism) appears to correlate
with disease progression. Whereas the most commonly trans-
mitted strains are those with the macrophage-tropic, non-syn-
cytium-inducing phenotype which utilize CCR5 for entry, the
T-tropic, syncytium-inducing strains that use CXCR4 are rare-
ly transmitted (15, 29, 34). The X4 strains are considerably
more pathogenic, and their appearance during an extended
time course of infection correlates with a decline in the CD41

T-cell count and more rapid disease progression (7, 27, 28, 29).
In vitro, AMD-3100 inhibits replication of T-tropic (syncytium-
inducing) strains of HIV-1 and HIV-2 with a 90% effective
concentration of below 1.0 to 10 ng/ml and provides complete
(.99.9%) protection of lymphocytes and monocytes against
HIV-1 at concentrations of 10 to 30 ng/ml, 4 orders of magni-
tude below its 50% cytotoxic concentration (10). AMD-3100
also inhibits syncytium formation between cocultures of per-
sistently HIV-1 (IIIB)-infected HUT-78 cells and uninfected
MOLT-4 cells, albeit at higher concentrations (1 to 5 mg/ml)
than those required to inhibit viral replication (10). Resistance
to AMD-3100 develops relatively slowly in serial passage stud-
ies in vitro (200-fold increased 50% inhibitory concentration
[IC50] after 50 to 60 passages) when evaluated in parallel with
TIBO (4,5,6,7-tetrahydro-5-methylimidazo[4,5,1-jk][1,4]benzo-
diazepin-2[1H]-one) compounds (200-fold increased IC50 after
10 passages; AnorMED, data on file).

Preclinical animal studies have also suggested potential ef-
ficacy for AMD-3100. Using the SCID-hu Thy/Liv mouse mod-
el of HIV infection, multiple dosages of AMD-3100 were
tested for the ability to decrease HIV loads (8). AMD-3100
was administered by daily injection for 2 weeks. The viral load
in the transplanted thymocytes was then determined to have
been decreased to a statistically significant degree at dosages at
and above 1 mg/kg/day. In continuous-infusion studies with the
SCID-hu mouse model, a similar total daily dose was found to
be efficacious, resulting in statistically significant viral load
reductions as measured by p24 antigen production (1.1 mg/kg/
day, P 5 0.004; 3.8 mg/kg/day, P 5 0.003). Continuous infusion
resulted in mean drug concentrations in plasma of ,40 ng/ml
(1.1 mg/kg/day) and 117 ng/ml (3.8 mg/kg/day).

In preclinical studies with rats, single oral doses (20 mg/kg)
of AMD-3100 were poorly and variably absorbed (oral bio-
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availability, 3.9% [range, 0.5 to 9.6%]; AnorMED, data on
file). The half-life of the total radioactivity of the parent drug
was 0.9 h after a single intravenous dose and 0.7 to 0.8 h after
repeated dosing. Renal clearance (CL) was the primary route
of excretion; 72 and 63% of an intravenous dose was recovered
in the urine of the rat and dog, respectively. In a 4-week
subcutaneous dosing study with rats and dogs over a range of
doses (0.25, 1, and 4 mg/kg/day) maximum drug concentrations
in plasma occurred within 1 to 2 h with dose proportionality. In
safety studies with rats and dogs, the maximum levels without
observable adverse effects were 600 and 250 mg/kg, respec-
tively. Adjusted for human surface area, this was estimated to
be 120 and 125 mg/kg, respectively, in rats and dogs. In rats, the
limiting toxicities included sedation, spasms, and dyspnea. In
the dog, diarrhea and tachycardia were dose limiting.

In light of the need for new anti-HIV drugs, the preclinical
efficacy of AMD-3100, and its reasonable toxicity profile, we
undertook this phase I clinical investigation of AMD-3100. We
report the first use of AMD-3100, the first HIV chemokine
coreceptor blocker, in humans.

MATERIALS AND METHODS

Study design and population. This was a phase I, single-center, single-dose,
open-label dose escalation study of AMD-3100 with healthy volunteers using
intravenous, subcutaneous, and oral doses. The intravenous dose was escalated
after three subjects in the preceding cohort had received their dose without grade
3 or 4 toxicity (World Health Organization [WHO] scale). A total of 12 subjects
intravenously received doses of 10, 20, 40, and 80 mg/kg. Some of these subjects
were readmitted for subcutaneous or oral dosing as described below. The pro-
tocol was approved by the local Institutional Review Board, and all subjects gave
written informed consent prior to their participation in this study.

Subjects were healthy, HIV-seronegative men and women 18 years of age or
older with no active medical illness by history, physical, or laboratory evaluation.
No concomitant medications were allowed 2 weeks prior to and throughout the
study period. Exceptions were considered on a case-by-case basis only for drugs
with a short half-life, and their use was discontinued 3 days prior to the study.

Procedures. Prior to study enrollment, prospective volunteers were screened
to assess their health by way of history and physical examination and laboratory
evaluations, including HIV testing. Eligible subjects were admitted to the Gen-
eral Clinical Research Center for 2 nights. The dose of AMD-3100 was prepared
from a standard solution and diluted with 0.9% saline in 50 ml to achieve the
scheduled dose amount. The amount of AMD-3100 to be administered was
determined by the volume of the 1-mg/ml solution added to the 50-ml bag. After
an overnight fast, subjects were administered a single dose of AMD-3100 by
15-min intravenous infusion. Breakfast was withheld for 1 h after the dose.

Blood was collected for AMD-3100 analysis predosing, at the end of the
infusion (approximately 15 min), and 0.25, 0.5, 1, 2, 4, 6, 8, 12, and 24 h
postdosing. Subjects were monitored for electrocardiographic changes continu-
ously via telemetry and observed frequently for adverse events during the inpa-
tient period. Collections of blood and urine were made for safety evaluations on
both inpatient days. Subjects were discharged from the hospital on the second
morning and returned 1 week later for follow-up evaluation, which included an
interim history, a directed physical examination, and laboratory evaluations
(blood and urine). Dose escalations in the intravenous dosing cohorts proceeded

to the next scheduled level if no more than one subject experienced dose-limiting
toxicity (WHO grade 3 or 4).

Subjects from the higher-dose (40- and 80-mg/kg) cohorts were readmitted
after they gave informed consent for a second, identical dose, this time by
periumbilical subcutaneous injection. Sampling and safety monitoring were per-
formed as for the intravenous dose observations, with the exception of the
postinfusion blood sample.

Three of the 12 original subjects were readmitted on two occasions for a single
oral dose of 80 mg/kg and then a single 160-mg/kg dose. The intravenous formu-
lation used for these doses was prepared as follows. Distilled water was added to
the stock intravenous AMD-3100 solution to make a 20-ml volume, which was
squirted onto the back of the tongue, swallowed, and followed by 180-ml of
water. Safety monitoring and blood sampling were performed as for the subcu-
taneous dosing cohort.

AMD-3100 assay. Concentrations of AMD-3100 in plasma were determined by
high-pressure liquid chromatography with electrochemical detection using a val-
idated assay (Phoenix International Life Sciences, Inc., Saint Laurent, Quebec,
Canada). Following addition of the internal standard (AMD-2763), plasma sam-
ples were extracted with methyl-t-butyl ether, followed by acidification with
trifluoroacetic acid and back extraction. Chromatography was performed with an
Isochrom pump and a PLRP-S column (5 mm; 250 by 4 mm) using an acetoni-
trile-water (33.7-65.5%) mobile phase containing 0.5% t-butyl ammonium hy-
droxide, 0.3% sodium lauryl sulfate, and EDTA. Electrochemical detection was
carried out using a Coulochem II electrochemical detector. AMD-3100 stan-
dards were prepared in the range of 5 to 250 ng/ml using pooled human plasma
(lower limit of quantification, 5 ng/ml). Standards and samples were extracted
and assayed in the same manner using an internal standard (AMD-2763). Quality
control samples (15, 120, and 200 ng/ml) were used to determine interday
precision and accuracy. The quality control sample interday precision (percent
coefficient of variation [%CV]) ranged from 4.4 to 8.6%. The interday accu-
racy (percent nominal concentration) ranged from 97.9 to 100.4%. Intraday
precision and accuracy (from assay validation) ranged from 1.1 to 5.7% and
from 96.5 and 98.4%, respectively. Correlation coefficients for standard curves
from sample analysis runs were equal to or greater than 0.9914 for AMD-3100.

Pharmacokinetic analysis. All compartmental and noncompartmental analy-
ses were performed using WinNonlin Professional (version 2.0) software (Phar-
sight, Cary, N.C.). Individual pharmacokinetic parameters were calculated and
then summarized by dose cohort for dose proportionality evaluations. The max-
imum drug concentration in serum (Cmax) and the time to Cmax were determined
directly from the concentration-time curves. The area under the concentration-
time curve extrapolated to infinity (AUC0–`) was calculated using the log-linear
trapezoidal rule. Terminal elimination half-life was determined by linear regres-
sion of the log-transformed final concentration-time points.

Compartmental parameter estimates for AMD-3100 were determined for each
individual after fitting of concentration data to one-, two-, and three-compart-
ment models. Final model selection was based on goodness-of-fit comparisons
among the models using several criteria, including, among others, visual inspec-
tion of the data, the CV of parameter estimates, condition numbers, the Aikake
information criterion, and the Schwartz criterion (16). Various weighting
schemes were used (1/C, 1/C2, actual and estimated), but there was no improve-
ment in the final model, so the simplest unweighted results are shown.

Subcutaneous absorption and oral bioavailability were calculated as the
AUC0–` following subcutaneous or oral dosing divided by the AUC0–` following
intravenous dosing. Results were expressed as percentages.

RESULTS

Enrollment. Thirteen healthy volunteers were enrolled, and
23 total doses were administered as follows: 12 by intravenous
infusion (three subjects each at 10, 20, 40, and 80 mg/kg), 5 by
subcutaneous injection (two subjects at 40 mg/kg and three at
80 mg/kg), and 6 by oral dosing (three subjects each received
80- and 160-mg/kg doses). A subject enrolled in the 40-mg/kg
subcutaneous cohort was not able to return for personal rea-
sons. A thirteenth subject was enrolled in the 80-mg/kg intra-
venous cohort, but during the infusion, the intravenous tubing
leaked an uncertain volume. He completed the protocol but
was not included in any pharmacokinetic analyses, given the
uncertainty of the actual dose received, although his Cmax and
AUC0–` suggest a dose between 40 and 80 mg/kg. He experi-
enced no adverse events.

Clinical effects. The study drug was well tolerated by all
subjects. No clinically significant changes in physical examina-
tion results, vital signs, or cardiac telemetry were identified.
There were no serious adverse events, and no dose-limiting
toxicity was identified.

Symptomatic changes from the baseline occurred in 6 (50%)

FIG. 1. Structure of AMD-3100, 1,19-[1,4-phenylenebis(methylene)]-bis-
1,4,8,11-azatetradecane.
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of 12 subjects receiving parenteral doses; all were transient and
mild (WHO grade 1) and required no intervention (Table 1).
The most common complaints of subjects were gastrointestinal
and included bloating, increased stool frequency, loose stools,
and a feeling of excess lower abdominal gas though not in-
creased flatulence. Several subjects had a headache or dry
mouth. The timing and nature of the gastrointestinal symptoms
were similar after both intravenous and subcutaneous dosing in
two of the five subjects who received doses by both routes. No

dose-response relationship could be identified for symptoms.
Among the three subjects receiving oral doses, two (67%) de-
veloped new symptoms which included lightheadedness and
loose bowel movements in one subject and headache in the
other.

White blood cell (WBC) counts were elevated relative to the
baseline in all subjects receiving intravenous or subcutaneous
dosing. This increase ranged from 1.5 to 3.1 times the baseline
WBC count; the WBC counts largely returned to the baseline
at 24 h (Fig. 2). The peak WBC count elevation (6 h in all
subjects) lagged behind the peak drug concentration in blood
(0.25 to 1.20 h). Elevations in polymorphonuclear leukocytes,
lymphocytes, and monocytes were seen based on electronic
differential analysis. There was no increase in immature band
forms based on a manual differential analysis performed in all
cases of leukocytosis. The magnitude of the WBC count ele-
vation increased with increasing doses across the lower-dose
cohorts, but the peak effects observed at 6 h after dosing were
similar with 40 mg/kg (ratio, 2.72 6 0.41) and 80 mg/kg (ratio,
2.67 6 0.20), the two highest doses.

Urine calcium was slightly elevated in several subjects based
on normal ranges established by the reference laboratory.
These were not dose related. One 40-mg/kg subject experi-
enced a 13% rise in lactate dehydrogenase (Table 1). Another
subject in the same dose cohort had a magnesium elevation of
13%. Both of these elevated levels returned to the baseline by
the 1-week follow-up evaluation. All other laboratory abnor-
malities were either less than a 10% change from the normal
limits, an abnormal baseline, or limited to the 1-week fol-
low-up evaluation without previous changes.

Noncompartmental pharmacokinetics. AMD-3100 concen-
tration-versus-time plots of the 12 evaluable intravenous infu-
sion subjects demonstrated parallel decays after the single dose
(Fig. 3). The rate of decay changed over time, evidencing at
least biexponential logarithmic decay. The interindividual vari-
ability in concentrations was small, and the dose cohorts were

FIG. 2. WBC ratio versus time compared to AMD-3100 concentration versus time. Each line represents a different AMD-3100 dose cohort given 10 to 80 mg/kg
by a short intravenous infusion. The WBC ratio is calculated as the ratio of WBC count at a given time to the predose WBC count. All values are displayed as the
mean 6 the standard deviation.

TABLE 1. Clinical and laboratory changes from baseline

Dose (mg/kg)
and subject

no.

Change(s)a after drug administered:

Intravenously Subcutaneously

10
1 Headache

Dry mouth
Upper respiratory infection

2 None
3 None

20
4 Headache
5 None
6 None

40
7 Cramps, frequent stools Cramps, gas

13% lactate dehydrogenase rise
8 Loose stool
9 Dry mouth Dry mouth

Bloating, gas, diarrhea Abdominal distention
13% Mg21 rise

80
10 None None
11 None None
12 Diaphoresis None

a All changes were grade 1.
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discretely separate from each other. The highest-dose (80-mg/
kg) cohort reached a median peak concentration of 515 (range,
470 to 521) ng/ml (Table 2). The Cmax and AUC0–` demon-
strated dose proportionality across the four dose levels (Fig. 4).

Terminal half-life increased and CL declined over the two
lower-dose cohorts, stabilizing with the two higher-dose (40-
and 80-mg/kg) cohorts. Inspection of the concentration-time
plots (Fig. 3) showed that the concentrations in the lower-dose

FIG. 3. AMD-3100 concentration versus time (log10) following a 15-min intravenous infusion at four dose levels. The inset shows the linear concentration-versus-
time curve. All values are the mean 6 the standard deviation.

TABLE 2. Pharmacokinetic parameters by dose cohort after intravenous infusion

Dose (mg/kg)
and subject

no.
Wt (kg)

Noncompartmental model Compartmental modela

Maximum concn
(ng/ml)

AUC0–`

(ng-h/ml)
AUC/dose

(103)
CL (ml/min/kg),

% CV
Vol of distributionb

(liters/kg), %CV
Distribution half-

life (h), %CV
Elimination half-

life (h), %CV

10
1 107 48 96 0.09 1.73, 3 0.30, 4 0.19, 14 2.3, 6
2 73 56 86 0.12 1.97, 4 0.27, 6 0.11, 28 1.8, 8
3 60 38 73 0.12 2.23, 5 0.50, 7 0.30, 13 3.2, 13

20
4 95 96 232 0.12 1.43, 1 0.34, 2 0.59, 4 3.6, 3
5 75 119 213 0.14 1.63, 5 0.36, 9 0.24, 31 3.1, 12
6 92 118 274 0.15 1.23, 3 0.27, 4 0.25, 24 2.8, 6

40
7 62 241 526 0.21 1.30, 3 0.32, 6 0.46, 20 3.6, 8
8 84 369 617 0.18 1.03, 7 0.27, 11 0.17, 37 3.5, 11
9 82 268 528 0.16 1.32, 4 0.33, 7 0.35, 26 3.6, 9

80
10 73 515 1,044 0.18 1.30, 4 0.31, 7 0.44, 19 3.6, 9
11 104 470 1,403 0.17 0.97, 4 0.34, 7 0.74, 30 4.9, 9
12 91 521 980 0.14 1.34, 4 0.36, 7 0.17, 25 3.6, 7

Median values
10 73 48 86 0.12 1.97, 4 0.30, 6 0.19, 14 2.3, 8
20 92 118 232 0.14 1.43, 3 0.34, 4 0.25, 24 3.1, 6
40 82 268 528 0.18 1.30, 4 0.32, 7 0.35, 26 3.6, 9
80 91 515 1,044 0.17 1.30, 4 0.34, 7 0.44, 25 3.6, 9

a Two compartment model results are partially shown. %CV is for a given parameter fit to individual data (values of ,20% are typically statistically significant). The
one compartment model fit data much less well. The three-compartment model fit marginally better than the two-compartment model.

b Volume of distribution 5 mean residence time z CL.
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cohorts dropped below the limit of assay quantitation (5 ng/ml)
at the later sampling times, obscuring final elimination rate
changes seen in higher-dose cohorts. Based on compartmental
analyses (see below), the final measurable levels in the lower-
dose cohorts were still within the distribution phase.

Compartmental pharmacokinetics. One-, two-, and three-
compartment models were fitted to the individual-subject data
and compared. Different weighting schemes were evaluated,
but they did not reduce the variance in the parameter estimates
and so were not used in the final analyses. The lack of later
time points for the lower-dose cohorts noted above prevented
fitting of the data from these subjects to a three-compartment
model, so comparisons between models were made using the
40- and 80-mg/kg dose cohorts. The data fit a three-compart-
ment model better than a two-compartment model, judging by
several criteria (including the Aikake information criterion
and the Schwartz criterion), but the difference was very small.
When doing continuous-infusion simulations based on the
pharmacokinetic parameter estimates of the 40- and 80-mg/kg
cohort subjects, two- compared to three-compartment models
yielded steady-state concentrations within 65% of each other
(data not shown). The one-compartment model was a poor fit
with large residuals and a large standard error for all subjects.
The simpler two-compartment model parameter estimates are
summarized in Table 2.

Absorption and bioavailability. Subcutaneous concentra-
tion-time profiles, when compared to intravenous profiles,
showed much lower initial peaks during the period of absorp-
tion and distribution, followed by nearly overlapping values for
the elimination phase. Subcutaneous dosing of AMD-3100
demonstrated a median absorption of 87% and median peak
concentrations equivalent to 48% of the peak concentrations
achieved after a 15-min intravenous infusion, with identical
elimination rates (Table 3). Modeling of the subcutaneous data
yielded inconsistent models across subjects, even within a dose
cohort, and parameter estimates were highly variable (data not
shown).

No AMD-3100 was detected after oral dosing in the six
subjects who received both intravenous and oral doses (limit of
assay detection, 5 ng/ml).

DISCUSSION

AMD-3100 was well tolerated by the healthy volunteers in
this single-dose study; all adverse events were mild and revers-
ible. Lack of a contemporaneous placebo group somewhat
limits our ability to attribute specific symptoms to the drug.
The reported effects are not dissimilar in frequency or type to

the effects reported in orally dosed subjects (who had no de-
tectable AMD-3100 in their blood). The only laboratory ab-
normalities noted were WBC count elevations (discussed be-
low) and findings of urine calcium just beyond the reported
normal range. However, because the diets were not controlled
and urine sodium was not consistently assessed, interpretation
of these urine calcium results is problematic.

The leukocytosis noted in all subjects receiving parenteral
AMD-3100 was reversible and dose related, with evidence of
saturation noted at higher doses just below a threefold eleva-
tion from the baseline. This is consistent with a demargination
effect in which WBCs are released from attachment to the
endothelial cell surface into the central circulation and there-
fore counted in assays of whole blood. There are several re-
ports which suggest an increase in WBCs may be CXCR4
mediated. First, chemokines such as stromal cell-derived factor
1a (SDF-1a) are produced locally in tissue and their primary
purpose is the trafficking and chemoattraction of lymphocytes
(3, 22, 24). Second, whereas CCR5 is expressed on the surface
of leukocytes, particularly monocytes, and T lymphocytes upon
activation, CXCR4 is widely expressed (3). For example, in ad-
dition to leukocytes, T lymphocytes, and neutrophils, CXCR4
is expressed in human endothelial cells (17, 32) and microglia
and neuronal cells in the brain (18, 19, 21). Third, in mecha-
nistic experiments, AMD-3100 has been shown to completely
inhibit binding of 125I-labeled SDF-1a to CXCR4 in the MT-2
cell line, to dose dependently inhibit signal transduction (indi-
cated by an increase in calcium flux) in response to SDF-1a in
SUP-T1 and THP-1 cells, and to completely block the response
of THP-1 cells to the chemotactic effect of SDF-1a (4, 25).
These combined observations suggest that binding of AMD-
3100 to CXCR4 may inhibit the chemotactic effects of SDF-1a,
causing release of WBCs from the endothelium and/or stem
cells from bone marrow (1, 23, 31). In clinical use, this leuko-
cytosis may complicate the interpretation of CD4 and CD8
concentrations.

Much of the time in the elimination phase, the drug was
below the limit of detection of the assay in the two lower-dose
cohorts. Accordingly, noncompartmental curve stripping to de-
termine the terminal half-life yielded a falsely elevated esti-
mate of the terminal half-life in the two lower-dose cohorts.
This also resulted in inaccurate noncompartmental estimates
of the volume of distribution and CL for these cohorts, since
their calculations are dependent upon half-life estimates from
curve stripping. Compartmental estimates of pharmacokinetic
parameters, therefore, are most accurate, especially for the two
highest-dose cohorts.

The in vitro IC90s for clinical HIV isolates were all less than
10 ng/ml, except for two of four non-syncytium-inducing iso-

FIG. 4. Dose proportionality of AMD-3100 pharmacokinetics (AUC0–`

[AUCinf] and Cmax) across the four intravenous dose levels studied. The solid
and dotted lines represent the mean and 95% confidence intervals, respectively,
for the ordinary least-squares linear regression.

TABLE 3. Pharmacokinetic parameters after subcutaneous dosing

Subject
no.

Dose
(mg/kg)

Wt
(kg)

Cmax
(ng/ml),
%IVa

Tmax
b

(h)

AUC0–`

(ng-h/ml),
%IV

7 40 63 103, 43 0.3 365, 67
9 40 83 145, 54 0.5 504, 96
10 80 73 258, 50 0.6 906, 87
11 80 102 226, 48 1.2 1,147, 82
12 80 89 229, 44 1.2 1,029, 106

Median 40 73 124, 48 0.4 435, 81
80 89 229, 48 1.2 1,029, 87

a %IV, percentage of value obtained by intravenous administration.
b Tmax, time to Cmax.
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lates (10). Statistically significant p24 reductions (;0.4 log)
were seen with continuous infusions that achieved steady-state
concentrations below 40 ng/ml (8). These in vitro and SCID-hu
mouse antiviral concentrations were safely achieved or ex-
ceeded by all subjects in all parenteral-dose cohorts in this
study, for periods ranging up to several hours, with minimal
side effects. The half-life of AMD-3100 was 3.6 h in the higher-
dose cohorts, much longer than expected based on the animal
studies (0.7 to 1.7 h in dogs; AnorMED, data on file). Again,
with reference to the preclinical anti-HIV responses noted
above, in our subjects, concentrations remained above 30
ng/ml for 8 h and above 10 ng/ml for 12 h with a single 80-mg/kg
intravenous dose. While we are encouraged by the tolerability
of this drug when preclinical antiviral concentrations are sus-
tained for several hours, the tolerability of sustained concen-
trations of AMD-3100 remains to be determined. Further, the
potential antiviral impact of different protein binding and free-
AMD-3100 concentrations in humans relative to SCID-hu
mice is unknown. The volume of distribution of AMD-3100 is
greater than typical for the blood volume and suggests that this
drug is distributed widely throughout the body beyond the
central (blood) compartment, probably indicating redistribu-
tion from plasma proteins to body fat, given the drug’s high
lipophilicity. Alternatively, AMD-3100 may bind to epithelial
cells or other sites within the central (blood) compartment,
therefore lowering the apparent AMD-3100 concentration de-
tected from flowing blood sampled by venipuncture.

Because no AMD-3100 assay is validated for urine samples,
we cannot draw any inferences about modes of metabolism or
excretion. In preclinical multiple-dose studies of radiolabeled
AMD-3100 with rats, 72% of the radioactivity appeared in the
urine. Of these compounds in the urine, 70% of the radioac-
tivity was recovered in the urine as the parent compound,
representing 41% of the administered AMD-3100. There was
also evidence of multiple metabolites (AnorMED, data on
file).

Subcutaneous dosing yielded concentration profiles nearly
identical to those obtained by intravenous dosing, with the
exception of peak concentrations only half as high. Oral ab-
sorption, however, was not detectable at doses of up to 160
mg/kg, twice the size of the highest intravenous dose given. If
the oral absorption profile were similar to that seen with sub-
cutaneous dosing (Cmax 48% of intravenous Cmax) with a peak
concentration at the limit of detection (5 ng/ml), the maximum
oral bioavailability would be estimated to be ,2%. In preclin-
ical studies, oral bioavailability in rats was very low (3.9%) but
not zero (AnorMED, data on file). Experiments with CACO-2
cells in vitro have demonstrated no transepithelial transport of
AMD-3100 (29a).

We have completed the first human studies of AMD-3100, a
chemokine receptor blocker with an antiviral mechanism of
action completely different from that of drugs currently li-
censed for HIV infection. We achieved total drug concentra-
tions, associated with an antiviral effect in preclinical SCID-hu
mice studies that were sustained for 8 to 12 h after a single
intravenous dose in our healthy volunteers. These single-dose-
related concentrations were associated with only minimal side
effects that were typically gastrointestinal in nature. The drug
appears to be distributed widely throughout the body but is not
orally absorbed to an appreciable degree. A reversible leuko-
cytosis, maximally just below three times the baseline, is pos-
sibly related to interference with leukocyte-endothelial cell
interactions. Clinical studies with HIV-infected patients are
necessary and warranted to establish the antiviral effect, safety,
and tolerability of AMD-3100 in that patient population.
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