


reported at the 12th croi (Katlama, 2005). These studies enrolled 397
triple-class experienced patients—all of whom had one or more primary
protease inhibitor mutations, a median baseline viral load of 4.51 log10

copies/mL, and a median cd4+ count of 136 cells/mm3—to receive
tmc/r (400/100mg or 800/100 mg qd, or 400/100 mg or 600/100 mg
bid) or a comparative protease inhibitor plus ritonavir (cpi/r). All pa-
tients also received an optimized background regimen, based on the re-
sults of genotypic testing. 

Results were most favorable among patients receiving the highest-
dose of tmc-114/r (600/100 mg bid). The median change in viral load, 
after 24 weeks, was –1.85 log10 copies/mL in the highest-dose 
tmc-114/r group, compared to –1.3 to –1.5 log10 copies/mL in the other
tmc-114/r groups and –0.27 log10 copies/mL in the cpi/r groups. Also af-
ter 24 weeks, 47% in the highest-dose tmc-114/r group had hiv-rna lev-
els below 50 copies/mL, compared to 30% to 38% in the other tmc-114

groups and 9% in the cpi/r groups. cd4+ counts increased by 75
cells/mm3 in the highest-dose tmc-114/r group, compared to an in-
crease of 15 cells/mm3 in the cpi/r groups. 

With enfuvirtide as a new agent combined with tmc-114/r, 67% in
the highest dose tmc-114/r group had hiv-rna levels below 50
copies/mL (n=27), compared to 16% of patients in the cpi/r groups
(n=25) (see Figure 3). Among patients with three or more primary
protease inhibitor mutations, 48% in the highest-dose tmc-114/r group
(n=40), compared to 5% in the cpi/r groups (n=56), had hiv-rna levels
below 50 copies/mL after 24 weeks. And among patients who had no an-
tiretrovirals in the optimized background regimen to which their hiv
was sensitive, 31% in the highest-dose tmc-114/r group (n=16), com-
pared to 0% of the patients in the cpi/r group (n=13), had hiv-rna lev-
els below 50 copies/mL after 24 weeks. 

“These are impressive results that we really haven’t seen before in
a highly treatment-experienced patient group,” Dr. Gulick optimistically
noted.

IV. Entry and Fusion Inhibitors
Maraviroc 
uk-427,857, which now carries the generic name maraviroc, is a
chemokine receptor antagonist designed to block the ccr5 receptor. The
drug is being developed by Pfizer Pharmaceuticals. 

Some preliminary pharmacokinetics data are available (Muirhead,
2005). Maraviroc is a cyp 3A4 substrate, not an inhibitor. In single-
dose studies in hiv-infected individuals, efavirenz decreased maraviroc
by 40% to 50%, whereas nevirapine increased the maraviroc Cmax 1.5
times, with little effect on the maraviroc auc. Lopinavir/r also increased
the maraviroc Cmax approximately 1.8 times. 

Preliminary results of a phase I study were presented at the 43rd In-
terscience Conference on Antimicrobial Agents and Chemotherapy in
2003 (Pozniak, 2003). In this study, 24 hiv-positive individuals with ccr5-
tropic virus were randomized to receive once-daily oral doses maraviroc
(25 mg qd or 100 mg bid) or placebo monotherapy for 14 days. Steady-
state drug levels were achieved after seven days, with the best plasma
concentrations achieved when taken in the fasted state. After 14 days,
an average 1.4 log10 copies/mL reduction in hiv-rna was seen in patients
receiving maraviroc 100 mg bid, compared to a 0.4 log10 copies/mL re-
duction among patients receiving the 25 mg qd dose. The drug was well
tolerated; no serious adverse events were reported. 

The preliminary results of a dose-ranging study were reported at the

xv International aids Conference in Bangkok (Fätkenheuer, 2004). In
this study, 80 patients infected with ccr5-tropic hiv received one of sev-
eral doses of maraviroc (25, 100, or 300 mg qd; or 50, 100, 150, or 300
mg bid) or placebo for a 10-day period. The agent was well tolerated and
caused dose-related reductions in viral load. Using the 100 and 300 mg
bid dosing, viral load was reduced by 1.4 to 1.6 log10 copies/mL. Food
intake did not affect drug levels or antiviral activity. 

Also of interest, the study noted that the ccr5 receptor was saturat-
ed by at least 85% with all but the lowest dose studied. With respect to
tropism, 61/63 evaluable patients remained ccr5 tropic throughout the
10-day treatment course and throughout the additional 30-day follow-up
period. Two patients became dual tropic. One reverted back to ccr5 at day
40, whereas the other patient continued to have a dual-tropic hiv geno-
type without obvious clinical progression after six months. 

Vicriviroc
vicriviroc is the tentative generic name for schering-plough’s
ccr5 receptor antagonist, also known as sch 417690 and formerly known
as sch-d. Like maraviroc, the drug is orally bioavailable. It has a long
half-life allowing for once-daily dosing. Concentrations of vicriviroc
are enhanced with ritonavir, whereas concentrations are decreased
with efavirenz or nevirapine. 

Phase I clinical trial results, involving 48 hiv-infected patients with
ccr5-tropic virus receiving various doses of the drug, were reported at the
11th croi (Schurmann, 2004). Sixteen patients were randomized into
each once-daily dosing group (10 mg, 25 mg, 50 mg, or placebo) evalu-
ating oral sch 417690 monotherapy for 14 days (four patients in each dos-
ing group received placebo). All patients were either naive to antiretro-
viral therapy or had been off treatment for at least eight weeks. 

The drug was well tolerated and no adverse events were docu-
mented. After 14 days, hiv-rna levels were 1.08 log10 copies/mL below
baseline in the 10 mg group, 1.56 log10 copies/mL below baseline in the
25 mg group, and 1.62 log10 copies/mL below baseline in the 50 mg
group. Approximately 45% of patients in both the 25 mg and 50 mg
groups saw their viral loads drop by at least 1.5 log10 copies/mL. 

actg 5211, a phase ii study of vicriviroc with ritonavir and opti-
mized background antiretrovirals in treatment-experienced patients, is
actively enrolling patients. 

GW 873140
yet another ccr5 receptor antagonist in development is glaxo-
SmithKline’s gw 873140. The drug has a long half-life and 50% occupancy
of the ccr5 receptor persists five days after the last dose—with 
concurrent undetectable plasma drug levels—indicating that the drug
likely has a lingering (“post-antiviral”) effect after it is stopped (Sparks,
2005). And like the other ccr5 antagonists, gw 873140 is a cyp 3A4

substrate. Coadministration with lopinavir/r results in a sixfold to
eightfold increase in gw 873140 levels and a 30% increase in ritonavir lev-
els (Adkison, 2005). 

The results of a ten-day gw 874140 monotherapy study have been re-
ported (Lalezari, 2004). The study enrolled 40 treatment-naive and
treatment-experienced hiv-infected subjects with R5-tropic virus, a
cd4+ count above 200 cells/mm3, a viral load above 5,000 copies/mL, and
who had been off antiretroviral therapy for at least 12 weeks. The patients
were randomized to one of four cohorts: 200 mg qd, 400 mg qd, 200 mg
bid, or 600 mg bid. Each cohort had 10 subjects, with eight receiving
active drug and two receiving matching placebo. 
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Twenty-one of the 40 patients were treatment-experienced and eight
were coinfected with hepatitis C virus (hcv). Median baseline hiv-rna lev-
els ranged from 4.24 to 4.66 log10 copies/mL. Mean changes in hiv-
rna, after ten days of treatment, were -0.12 log10 copies/mL in the place-
bo groups, –0.46 log10 copies/mL among patients receiving 200 mg qd gw
874140, –1.23 log10 copies/mL among patients receiving 200 mg bid,
–1.03 log10 copies/mL among patients receiving 400 mg qd, and –1.66
log10 copies/mL among patients receiving 600 mg bid. The percentage of
patients with a 1 log10 copies/mL drop or greater in viral load was 0% in
the placebo group, 16.7% in the 200 mg qd group, 75% in the 200 mg bid
group, 63% in the 400 mg qd group, and 100% in the 600 mg bid
group. “Virologic suppression is similar to what we’re seeing with the oth-
er ccr5 antagonists,” Dr. Gulick said. “I think there’s a lot to look forward
to with these three agents.”

The Concern of Coreceptor Switching
the three ccr5 antagonists are only expected to be active in peo-
ple with R5-tropic virus. Studies have documented that, as hiv disease
progresses, an increased percentage of patients have evidence of X4-
tropic virus: hiv that is tropic for the cxcr4 receptor. Given that these
agents do not work against X4-tropic virus, there’s some concern that R5

antagonists may result in the selection and proliferation of X4-tropic virus. 
“What is the danger of this?” asked Dr. Gulick. “We really don’t know,

but in people who have X4-tropic virus, there seems to be faster hiv dis-
ease progression. We’ve known this for more than ten years and there’s
lingering concern about coreceptor switching in individuals receiving these
drugs. In each of the ccr5 antagonist studies reported here, there has been
evidence of coreceptor switching in one or two patients. Most, however,
have switched back to R5-tropic virus when the compounds were with-
drawn. Suffice it to say, the clinical implications aren’t yet clear.” 

AMD3100 and AMD070
amd3100 and amd070 are both cxcr4 antagonists from anormed inc.
Because of toxicity concerns and limited efficacy, the development of
amd3100 was halted in May 2001. The company is now focused on
amd070, a compound that strongly inhibits viral infection by cxcr4-using
virus—including virus using cxcr4 alone and/or virus using both cxcr4

and ccr5—in vitro. amd070 is orally bioavailable in animals, shows additive
or synergistic effects in vitro with other antiretroviral agents, and has yield-
ed safe results in a recent Phase Ia dose-ranging study involving hiv-neg-
ative volunteers (Stone, 2004).

A Phase IIa study is being conducted by the Adult aids Clinical Tri-
als Group (aactg 5210). 

V. Integrase Inhibitors
the hiv integrase gene is essential for hiv replication and
facilitates the integration of proviral hiv-dna into the host cell genome.
Unfortunately, it has not been easy to develop integrase inhibitors, de-
spite the intense efforts of many investigators and many pharmaceutical
companies. Challenges to development have included the lack of cor-
relation of some integration inhibition assays with inhibition of whole
virus replication, nonselectivity, adverse pharmacokinetic properties, and
toxicity of many of the candidate compounds described to date.

The initial candidate integrase inhibitors were the diketobutanoic

(“diketo”) acids, which work by sequestering the active divalent cation
(Mg++) that is bound in the active site of the integrase gene by three
acidic residues of the protein chain. Once the gene has been inhibited,
the hiv-dna forms inactive, unstable circular structures, and the virus
is unable to replicate. Two earlier enzymatic functions of the integrase
gene—assembly of pre-integration complexes and 3’ processing of the
viral dna ends—are not inhibited by diketo acids. They specifically inhibit
the third step: strand transfer of viral dna to cellular dna. However, their
pharmacokinetic properties did not lend themselves to drug development.

L-870,810
there are also the napthyridine carboxamides, a class with more
favorable pharmacokinetic properties, which include Merck’s L-870,810.
The results of a ten-day monotherapy study were reported at the 12th
croi (Little, 2005). A total of 30 hiv-infected patients, who were either
antiretroviral-naive or had been off of antiretroviral therapy for at least
three months, were randomized to receive L-870,810 (200 mg or 400
mg bid) or placebo twice daily. 

Seven patients received the 200 mg bid dose and 17 patients re-
ceived the 400 mg bid dose. On day 10, at 200 mg bid, the mean decrease
in hiv-rna from baseline was 1.73 log10 copies/mL. At 400 mg bid, the
mean decrease in hiv-rna was 1.77 log10 copies/mL. L-870,810 at both dos-
es was generally well tolerated with no discontinuation due to drug-related
adverse events and no serious adverse events reported. 

Once-Daily Kaletra Dosing Approved
on may 2, 2005, abbott laboratories announced that it received
U.S. Food and Drug Administration (fda) approval to market 
a once-daily dosing regimen for lopinavir/ritonavir (Kaletra) for the
initial treatment of hiv. The new dosing regimen for lopinavir/
ritonavir offers physicians and patients increased flexibility in man-
aging their hiv treatment without sacrificing the proven efficacy of the
twice-daily dosing option. This new dosing option is available in
both liquid and soft gel capsule formulations.

Approval was based on data from a clinical study conducted in
190 patients new to hiv therapy evaluating the effectiveness of the
once-daily and twice-daily lopinavir/ritonavir doses, both administered
in combination with once-daily tenofovir (Viread) and emtricitabine
(Emtriva), over a period of 48 weeks. Results demonstrated com-
parable virologic responses (hiv-rna less than 50 copies/mL) be-
tween the once- and twice-daily dosing groups. 

Lopinavir/ritonavir once-daily was generally well tolerated. In
both the once-daily and twice-daily arms, the most frequent drug-re-
lated adverse events of moderate or greater intensity reported were
diarrhea and nausea, although diarrhea was observed more fre-
quently in the once-daily arm (57% vs. 35%).

The efficacy of once-daily lopinavir/ritonavir in patients who have
received other antiretrovirals in the past has not been determined.
While pharmacokinetics data indicate that the auc, Cmax, and Cmin

associated with once-daily lopinavir/ritonavir administration is suitable
for antiretroviral-naive individuals, these lopinavir concentrations may
not be high enough to suppress drug-resistant hiv variants. 

Once-daily Kaletra should not be administered in combination
with efavirenz (Sustiva), nevirapine (Viramune), amprenavir (Agen-
erase), or nelfinavir (Viracept). 

Source: Abbott Laboratories; U.S. Food and Drug Administration.



Unfortunately, the clinical development of this compound has been
put on hold due to toxicity observed in dogs during long-term dosing.
“Merck does have a backup compound that is going into clinical trials,”
Dr. Gulick said. “We will definitely be hearing more about the integrase
inhibitors in the future.” 

Maturation Inhibitors
hiv assembly, maturation, and budding have long been focuses of
drug development efforts. Maryland-based Panacos Pharmaceuticals has
been developing pa-457, a “maturation inhibitor” that hinders a late
step in gag processing involving conversion of the capsid precursor (p25)
to mature capsid protein (p24) (Li, 2003). As a result, newly released vi-
ral particles are defective and non-infectious.

“pa-457 is a betulinic acid derivative,” Dr. Gulick commented. “It’s
found in the bark of the London plane, or sycamore, tree. This should
be an inexpensive compound to make, one would guess. But I don’t ad-
vise chopping down these trees just yet.” 

Data from a phase I single-dose clinical trial involving hiv-infected
patients were presented at the 12th croi (Martin, 2005). Three doses
were selected for evaluation: 75 mg, 100 mg, and 250 mg. At each
dose level, six subjects received pa-457; six additional subjects received
placebo. The drug was well tolerated at all doses, with good oral bioavail-
ability and favorable pharmacokinetics. 

All three dose groups exhibited reductions in viral load compared
with placebo that was sustained for more than 10 days in the higher dose
groups. The median maximum viral load changes in the four groups
were: –0.17 log10 copies/mL in the placebo group; –0.27 log10 copies/mL
in the 75 mg pa-457 group; –0.45 log10 copies/mL in the 150 mg group;
and –0.51 log10 copies/mL in the 250 mg group. 

Additional studies of this compound are planned. 
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