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there are 26 medications approved for the treatment of hiv
infection. This latest tally includes 19 unique antiretroviral agents, three
prodrug/extended-release formulations of older drugs, and four fixed-dose
combinations (including the most recent arrivals: Gilead’s Truvada and
GlaxoSmithKline’s Epzicom [see prn Capsules on page 2). Despite these
impressive numbers, there is an indisputable need for new anti-hiv
compounds that have potent and durable efficacy profiles, unique resistance patterns, patient-friendly dosing schedules, and minimal toxicities. What follows is an overview of some the newest antiretroviral contenders, including some of the more recently approved agents and a number of the experimental agents in various stages of development.

I. Nucleoside/Nucleotide Analogues
Emtricitabine (Coviracil)
emtricitabine (coviracil), formerly known as ftc, is a thiacytidine
nucleoside analogue that was originally developed by Triangle Pharmaceuticals and is now in the hands of Gilead Sciences. It was approved in July 2003 and is prescribed at a dose of 200 mg once daily.
Although emtricitabine is a unique antiretroviral, its comparison to
lamivudine (Epivir) is fitting. hiv resistance to emtricitabine is via the
same mechanism as resistance to lamivudine: the M184V mutation confers high-level resistance to both drugs. However, as Dr. Eron pointed
out, it appears the emtricitabine is more potent than lamivudine, at least
over the short term, and has a longer plasma and intracellular half-life
than lamivudine. “It’s still not clear if this will translate into a lower likelihood of developing resistance,” he said. “This might be the case, but
there haven’t yet been any studies, directly comparing emtricitabine and
lamivudine in previously untreated patients, to determine this.” There
have also been questions as to whether emtricitabine is as well tolerated
as lamivudine.
In early August, Gilead received the green light from the fda to begin marketing Truvada, a fixed-dose combination (fdc) tablet containing 300 mg tenofovir (Viread) and 200 mg emtricitabine.

Once-Daily Abacavir:
Fixed-Dose Abacavir and Lamivudine (Epzicom)
up until recently, abacavir (ziagen) was primarily studied in
combination with zidovudine (Retrovir) and lamivudine, in an effort to
bolster the appeal of an all-nrti regimen consisting only of Trizivir. Because of lackluster clinical trial results comparing Trizivir and other allnrti regimens to more orthodox combinations drawing upon two
classes of antiretrovirals, more recent studies have attempted to define the utility of abacavir in combination with one other nrti—usually
lamivudine—and either a pi or nnrti.
24

No stranger to the fdc market, GlaxoSmithKline has received fda
clearance to begin marketing Epzicom, a once-daily tablet containing 600
mg abacavir and 300 mg lamivudine.
Pharamacokinetics data supporting once-daily use of abacavir has
been presented (Piliero, 2003), as have clinical trial data comparing
once- and twice-daily abacavir. cna30021 randomized 770 antiretroviralnaive patients to receive either once-daily (600 mg qd) or twice-daily (300
mg bid) abacavir in combination with once-daily doses of lamivudine
and efavirenz (Sustiva) (Gazzard, 2003). The median viral load at baseline was 4.89 log10 copies/mL and the median cd4+ cell count was 262
cells/mm3. Approximately 44% of the patients in the study had hiv-rna
levels in excess of 100,000 copies/mL.
After 48 weeks of treatment, 66% of patients who received once-daily
abacavir had undetectable viral loads (<50 copies/mL), compared to 68%
of those given the drug twice daily. The median increase in cd4+ cells after 48 weeks was also comparable, with patients in the once-daily abacavir
group experiencing an increase of 188 cells/mm3, compared with an increase of 200 cells/mm3 among patients in the twice-daily abacavir group.
The differences between the two groups were not statistically significant.
Toxicity rates were also similar in the two treatment groups. Approximately 9% of patients in the once-daily group experienced a hypersensitivity reaction, compared to 7% in the twice-daily group. Of note,
hypersensitivity reactions occurred more frequently in this study than
were noted in some earlier studies (~5%).
Additional 48-week data from a phase iii clinical trial (cna30024)
demonstrated that a regimen consisting of abacavir (twice-daily), lamivudine and efavirenz is non-inferior to a regimen consisting of zidovudine
(Retrovir), lamivudine, and efavirenz (DeJesus, 2003). Of note, cd4+ cell
count responses were greater in the abacavir-treated group when either
the changes in the absolute cd4+ cell counts or the cd4 percentages were
compared (see Figure 1).
“A fixed-dose combination involving abacavir and lamivudine is appropriate for treatment-naive patients, provided that they are given a highly potent third agent, such as efavirenz or boosted atazanavir, lopinavir,
or fosamprenavir,” Dr. Eron said. “We know that we shouldn’t give a triplenrti regimen consisting of abacavir, lamivudine, and tenofovir or didanosine. We’ve seen the data concluding that these combinations have
a high risk of treatment failure. Fixed-dose combinations are good options
for our antiretroviral-naive patients, but it’s still not clear what role
they’ll play for our antiretroviral-experienced patients. In general, most
of my treatment-experienced patients are taking drugs twice a day. And
in this setting, I would probably give abacavir twice a day.”

D-D4FC (Reverset)
now in phase ii clinical trials is d-d4fc (reverset), a cytidine
analogue being developed by Pharmasset Pharmaceuticals and Incyte
Corporation. Reverset’s chemical name is d-d4fc and was formerly
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FIGURE 1. cna30024: Abacavir (+ Lamivudine/Efavirenz) vs Zidovudine (+ Lamivudine/Efavirenz)
spd754 triphosphate (tp) concentraSource: DeJesus, 2003
tions—the active compound—both
in vitro and in vivo. “Levels of spd754tp
were
practically
undetectable,”
Dr.
Eron explained. “As these new
known as dpc-817 when it was being developed by DuPont Pharmanrtis are being developed, we’re going to have to insist that the pharceuticals and Bristol-Myers Squibb.
In vitro resistance data have been encouraging. According to a study
maceutical companies do the appropriate plasma and intracellular pk
published in 2003, d-d4fc was highly effective in inhibiting subsets
analyses. This is a good example of a study being done at the right
time, before conducting larger studies. It’s important that we get other
of lamivudine- and zidovudine-resistant hiv variants—including those
companies to follow this example.”
containing L74V, M184V, and various tams—but was less potent against
variants harboring multiple-nrti-resistant mutations, most notably
Q151M (Geleziunas, 2003). In vitro, d-d4fc selects for the K65R mutation,
conferring 5.3- to 8.7-fold resistance to the drug (and multiple-nrti
SN1212/SN1461
resistance).
while there hasn’t yet been much in the way of in vivo data to supResults of a Phase Ib/IIa study presented by Dr. Robert Murphy of
port its potential use, there is a great deal of excitement surrounding in
Northwestern University and his colleagues were presented at the xv Invitro studies of sn1212 and its oral prodrug sn1461. sn1212 is a novel muternational aids Conference in Bangkok (Murphy, 2004). The placebotagenic deoxyribonucleoside analogue that works in an entirely different
controlled study (Study 202) involved 30 treatment-naive and 10 treatment
manner than other nrtis. It does not work as a dna chain terminator, but
experienced patients. The treatment-naive patients received 50 mg, 100
instead “causes the virus to hyper mutate,” explained Dr. Eron. “Giving this
mg, or 200 mg d-d4fc monotherapy for ten days. Eight treatment-exdrug, at least in vitro, causes the virus to accumulate so many mutations
that it essentially causes it to become replication-incompetent. It doesn’t
perienced patients, none of whom were maintaining undetectable hivhave any immediate activity, like we see with other nrtis. It has activity afrna levels while taking standard regimens, added 200 mg d-d4fc to their
therapies for ten days (two added d-d4fc placebos).
ter a number of replication cycles and multiple mutations have occurred.”
The ic50 of sn1212 is 10 nM to 100 nM. At a concentration of 320 nM,
The mean reduction in viral load among the treatment-naive patients
in the three treatment groups ranged from 1.67 log10 copies/mL to
no mitochondrial toxicity was observed and no adverse events were reported in dogs receiving up to 2,000 mg per kilogram of body weight.
1.77 log10 copies/mL. Among the treatment-experienced patients, the
“The company is currently gearing up to apply for ind [Investigamean reduction in viral load was 0.8 log10 copies/mL. What’s more, sevtional New Drug] status with the fda,” Dr. Eron commented.
en of eight treatment-naive patients (in the 200 mg d-d4fc group) and
four of eight treatment-experienced patients achieved undetectable viral loads (<400 copies/mL) following ten days of therapy. The drug
was well tolerated. By report, no new resistance mutations developed
during the ten days of therapy.
A Phase IIb clinical trial (Study 203) involving 180 treatment-experienced patients began enrollment in June. Depending on the results of
this study, a Phase iii clinical trial will be initiated by mid 2005.

II. New Non-Nucleoside Reverse
Transcriptase Inhibitors
TMC125

SPD754
another cytidine analogue in development is shire pharmaceuticals’ spd754. The drug was originally developed by BioChem Pharma,
under the chemical names bch-10652 and (-)dotc. Pharmacokinetics
data indicate that spd754 is appropriate for once-daily administration.
Preliminary safety and efficacy data are available. A ten-day placebocontrolled study involving 63 antiretroviral-naive patients was reported at
the 2nd International aids Society Conference on hiv Pathogenesis and
Treatment, held in Paris in July 2003 (Cahn, 2003). The once-daily doses

tibotec’s tmc125 is a flexible compound that, at least in vitro, has
activity against both wild-type hiv strains and those containing key mutations associated with nnrti resistance. In antiretroviral-naive patients,
seven days of tmc125 monotherapy resulted in a 1.99 log copies/mL
reduction in hiv-rna (Gruzdev, 2003) (see Figure 2). In fact, data presented
at the 9th Conference on Retroviruses and Opportunistic Infections
(croi) suggested that the drug—as monotherapy—results in a similar
initial rate of decline of hiv-rna during the first week of treatment as
a five-drug, pi- and nnrti-containing regimen (Sankasing, 2002).
In vitro data evaluating the effectiveness of tmc125 against a panel of
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nnrti-resistant viruses were reported at the 11th croi in San Francisco (Vingerhoets, 2004). To put these data into context, the investigators established that the ic50 for tmc125 against wild-type virus was
5
0.9 nM. Three of 54 variants harboring single mutations known to
confer at least partial resistance to the current crop of nnrtis—
Y181I, Y181V, and F227C—had a greater than tenfold reduction in sen4
sitivity to tmc125. Of 19 variants harboring two mutations, one
strain—containing V179F and Y181C—resulted in a greater than tenfold reduction in tmc125 sensitivity. More prevalent combinations of
two nnrti mutations—including L100I, K103N, Y181C, and G190A—all
3
resulted in less than a tenfold decrease in tmc125 sensitivity. Conversely, 11/19 and 4/19 variants containing two of these key mutations
had greater than tenfold and hundredfold reductions in sensitivity to
2
efavirenz respectively. As for variants harboring three key nnrtiScreening
0
1
2
3
4
5
6
7
associated mutations—a rare occurrence in the real world, say retime (days)
searchers at Virco—decreased sensitivity to tmc125 was observed, albeit to a lesser degree than efavirenz.
Data from a study evaluating the short-term effects of tmc125 in FIGURE 2. tmc 125 for Seven Days: Treatment-Naive Patients
nnrti-experienced patients with high levels of drug resistance to Source: Gruzdev, 2003
currently available nnrtis have been published (Gazzard, 2003a).
Sixteen patients, all of whom had between 10- and 500-fold resistance to either efavirenz (Sustiva) or nevirapine (Viramune), switched their
Preliminary results from a phase ii clinical trial of capravirine infaltering nnrti for 18 100 mg daily tmc125 capsules (given 900 mg bid)
volving 75 nnrti-experienced patients were presented three years ago
at the 8th croi in Chicago (Wolfe, 2001). The study compared two
for seven days. Twelve of the patients enrolled in this study had at least two
doses of capravirine—1,400 mg bid and 2,100 mg bid—to a placebo, with
reverse transcriptase mutations that conferred high-level resistance to both
all three groups of patients receiving nelfinavir and two new nrtis.
efavirenz and nevirapine. On day 8, the average decrease in hiv-rna
was 0.86 log10 copies/mL, with 12 patients achieving a greater than 0.5 log
Approximately 25/50 (50%) evaluable patients who received either dose
of capravirine had hiv-rna levels below 400 copies/mL after 12 weeks
reduction and seven patients achieving a greater than 1 log decline. Inof treatment. Among the 12 patients who had been receiving treatterestingly, no association was apparent between the observed antiviral rement for 16 weeks in the placebo group, hiv-rna levels had decreased
sponses and baseline resistance. Tolerability was also reported to be
by 1.5 log copies/mL. Among the eight evaluable patients in the 1,400
good, with mild headaches and diarrhea—ostensibly attributed to the inmg capravirine group, the median hiv-rna decrease after 16 weeks was
active ingredients in the current capsule formulation—being the most
2.2 log copies/mL. As for the 10 evaluable patients in the 2,100 mg
common side effects reported. Overall, these results demonstrated the
capravirine group, the median viral load decrease was 1.7 log copies/mL
short-term activity of tmc-125 in nnrti-experienced patients, albeit to a
after 16 weeks of treatment. In terms of adverse events, diarrhea, naucomparatively lesser degree than those seen in nnrti-naive patients.
sea, and vomiting occurred more frequently in the 2,100 mg group than
in the 1,400 mg or placebo groups. At the time of this presentation, four
patients had discontinued because of treatment failure and seven paCapravirine
tients had discontinued because of adverse events.
a promising nnrti briefly discussed by dr. eron was capravirine
Additional data from more recent capravirine studies are eagerly
(ag-1549). According to Agouron Pharmaceuticals and its parent comawaited.
pany Pfizer, capravirine is active against hiv isolates containing single
reverse transcriptase substitutions such as K103N, V106A, and L100I—three
mutations that confer resistance to other nnrtis. However, hiv with
dual mutations at positions 100 and 103 resulted in a 24- to 40-fold decrease in sensitivity. The common single Y181C mutation also decreased
susceptibility to capravirine by 13-fold (Potts, 1999).
The clinical development of capravirine was dealt a setback in January
2001, when the fda and Pfizer announced that capravirine use in clinAtazanavir (Reyataz)
ical trials would be restricted because of animal toxicology studies
bristol-myers squibb’s atazanavir (reyataz) is a semi-symmetrical
demonstrating unexpected vasculitis in dogs. However, the capravirine
azapeptide agent that is well absorbed and has a half-life ranging between
dose associated with vasculitis was significantly higher than the dose cur2.9 and 6.5 hours. A dose of 400 mg—two 200 mg tablets once a day with
rently being studied in humans and no cases of vasculitis have been defood—has been approved by the U.S. Food and Drug Administration
tected in patients participating in clinical trials. In December 2001, the
(fda). The fda has also approved an atazanavir dose of 300 mg—two 150
fda took capravirine off clinical hold, and studies have since resumed.
mg tablets—for use in combination with 100 mg ritonavir (Norvir), in
As for the potential effectiveness of capravirine, one phase I trial retreatment-experienced patients, in order to achieve higher plasma conported that the drug is roughly ten times more potent than any of the
centrations of atazanavir and to offset the negative interactions with
current nnrtis (Hernandez, 2000). Used as monotherapy in treatefavirenz and tenofovir (Viread). “Atazanavir is very convenient, regardless of whether or not it’s given with ritonavir,” Dr. Eron said. “It’s two pills
ment-naive patients, capravirine (2,100 mg bid) resulted in an hiv-rna
once a day, one of the easiest protease inhibitors available.”
reduction of 1.7 log copies/mL after ten days of treatment.

III. Protease Inhibitors

26
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There have been a number of studies indicating that patients receiving atazanavir-based regimens in clinical trials have not experi100
enced significant increases in triglyceride or cholesterol levels—an
ATV/r (n = 128)
encouraging observation in light of the metabolic complications
80
LPV/r (n = 123)
that have been seen in patients taking any of the currently approved
ATV 400/SQV (n = 115)
60
protease inhibitors. “When atazanavir is given with ritonavir, it’s still
not clear what effect this combination has on lipids, at least in pa46%
40
tients who are new to protease inhibitor therapy,” Dr. Eron com38%
mented. “We don’t have all the data yet.”
26%
20
In terms of its effectiveness, a pair of phase ii clinical trials comparing atazanavir and two nrtis to nelfinavir and two nrtis found that
0
both regimens yielded comparable results (Sanne, 2003; 2001).
bl 2 4
8 12 16
24
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40
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To put its first-ever protease inhibitor contender to the ultimate test,
weeks
Bristol-Myers Squibb conducted a large phase iii clinical trial (bms ai424034) comparing atazanavir to its very own efavirenz, a drug that has a
FIGURE 3. bms-035: Virologic Response (< 50 copies mL)
history of performing extraordinarily well in clinical trials (Squires,
Through 48 Weeks
2004). Eight-hundred antiretroviral-naive patients in North America,
South America, Europe, Asia, and Africa were randomized to receive Source: DeJesus, 2004
either of these drugs in combination with zidovudine and lamivudine. At baseline, the median viral load was 4.9 log10 copies/mL and the
study was not large enough to reach a definitive conclusion that
median cd4+ count was 282 cells/mm3. More than a third of the study paratazanavir/ritonavir and lopinavir/ritonavir are equivalent on the secticipants were women, and more than two-thirds were people of color.
ondary outcome measure of undetectable viral loads.
After 48 weeks of treatment, the intent-to-treat analysis demonstratAfter 48 weeks of treatment, the mean change in viral load was –1.58
ed that 70% of patients in the atazanavir group and 64% of patients in the
log10 copies/mL in the atazanavir/ritonavir group and –1.70 log10
efavirenz group had hiv-rna levels below 400 copies/mL. Employing the
more sensitive viral load assay, it was determined that 32% of patients in
copies/mL in the lopinavir/ritonavir group. Approximately 38% had hivthe atazanavir group and 37% of patients in the efavirenz group had hivrna levels below 50 copies/mL in the atazanavir/ritonavir group and aprna levels below 50 copies/mL. [editor’s note: There has been some conproximately 45% had hiv-rna levels below 50 copies/mL in the
cern regarding the low percentage of responders, in both groups, using the
lopinavir/ritonavir group (see Figure 3). As for cd4+ count changes, pa<50 copies/mL cutoff. One explanation may lie in the approach to the intenttients in the atazanavir/ritonavir group saw an increase of 116 cells/mm3
to-treat analysis. Patients were permitted to either reduce the dose of the nrtis—
after 48 weeks, compared to an increase of 123 cells/mm3 in the
or switch to another nnrti [e.g., from zidovudine to stavudine]—in the event
lopinavir/ritonavir group.
of toxicities. However, upon doing so, they were dubbed “failures” in the intentThe mean viral load change from baseline among patients receiving
to-treat analysis. What’s more, if patients had two hiv-rna titers above 50
atazanavir/saquinavir was –1.55 log10 copies/mL, and the time-avercopies/mL in succession—even if their viral loads were below 50 copies/mL at
aged difference in the viral load change compared to those in the
the 48-week mark—they were also coded as failures in the intent-to-treat
lopinavir/ritonavir group was 0.33. The average cd4+ count increase was
analysis. Another possible explanation involves the type of blood collection
72 cells/mm3. And after 48 weeks of treatment, the proportion of patients
tube used in this study [ppt tubes, compared to standard edta tubes]. In a postin the atazanavir/saquinavir group with viral loads below 400 copies/mL
study laboratory assessment, samples collected in edta tubes were more likely
and 50 copies/mL was 38% and 26% respectively. In other words, comto yield a higher percentage of undetectable viral load titers—using the 400 and
pared with atazanavir/ritonavir and lopinavir/ritonavir, coadministration
50 copies/mL cutoffs—than samples collected in ppt tubes.]
of atazanavir and saquinavir proved to be an inferior mix.
As for the efficacy of atazanavir in treatment-experienced patients, 48While Study 045 is rightly referenced as an evaluation of
week follow-up data have been presented (DeJesus, 2004). Study ai424atazanavir/ritonavir in protease inhibitor-experienced patients, it is
important to stress that most patients had taken only nelfinavir- and
045 is an ongoing, randomized, multicenter trial comparing three treatnnrti-based regimens prior to enrollment in this study. It’s not clear if
ment groups: 1) atazanavir (300 mg qd) plus ritonavir (100 mg qd); 2)
these results can be applied to more heavily protease inhibitor-experiatazanavir (400 mg qd) plus saquinavir (Fortovase) (1200 mg qd); and 3)
enced patients.
lopinavir/ritonavir (Kaletra) (400/100 mg qd). All patients are also reThe effects of atazanavir/ritonavir on lipid levels were also recorded
ceiving tenofovir plus another nrti.
in this study. At baseline, total cholesterol levels were 215 mg/dL in the
Prior to study entry, patients were required to have failed two antiatazanavir/ritonavir group and 196 mg/dL in the lopinavir/ritonavir
retroviral regimens, at least one of which had to be a protease inhibitorgroup. After 48 weeks of treatment, total cholesterol was reduced by 8%
containing regimen. The mean time of prior antiretroviral use was 139
in the atazanavir/ritonavir group and increased by 6% in the lopinavir/riweeks for pis, 283 weeks for nrtis, and 85 weeks for nnrtis. Most patients
tonavir group. ldl cholesterol levels decreased by 10% in the atazanavir/rihad taken a nelfinavir-based regimen and then changed to an nnrti-based
tonavir group and increased by 1% in the lopinavir/ritonavir group.
regimen. Two-thirds of the patients entered the study on an nnrtiAtazanavir’s resistance profile has become much clearer over the past
based regimen. The mean cd4+ count at baseline was 338 cells/mm3 and
few years. Atazanavir-resistant clinical isolates—documented in antithe mean viral load was 4.4 log10 copies/mL.
retroviral-naive patients experiencing virologic failure while on an initial
Generally speaking, atazanavir/ritonavir and lopinavir/ritonavir
atazanavir-based regimen—harbored the unique I50L mutation, often in
were similar for the primary efficacy outcome measure of time-averaged
difference in the change from baseline hiv-rna levels. However, this
combination with an A71V mutation. In these patients, the I50L mutation
THE PRN NOTEBOOK ® | VOLUME 9, NUMBER 3 | SEPTEMBER 2004 | WWW.PRN.ORG
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was associated with phenotypic resistance to atazanavir, but retained in
vitro susceptibility to other protease inhibitors (e.g., amprenavir, indinavir,
lopinavir, nelfinavir, ritonavir, and saquinavir). However, there are no clinical data available to demonstrate the effect of the I50L mutation on the
efficacy of subsequently administered protease inhibitors.
“I think we can safely say that the I50L mutation does not result in
cross-resistance to other protease inhibitors,” Dr. Eron commented.
“This is good news for patients who use atazanavir as their first protease
inhibitor, though we don’t know as yet whether the I50L mutation will be
the predominant mutation observed when patients rebound on initial
therapy with atazanavir/ritonavir-containing regimens. As for the use
of atazanavir after other protease inhibitors have failed, the I50L mutation shouldn’t be much of an issue. We could see the I50L mutation arise
in some of our treatment-experienced patients, but most acquire protease inhibitor-associated mutations along the more standard pathway, which doesn’t usually include I50L.” However, it’s important to
note that no clinical data is yet available for patients who fail atazanavir
and then go on to other protease inhibitor-based regimens.
Important issues for all clinicians to consider include the negative drugdrug interactions between atazanavir and antacids, H2 blockers, and proton pump inhibitors. Atazanavir requires an acid environment for absorption; drugs that reduce stomach acid should not be used concomitantly. “We still don’t know if ritonavir boosting can overcome the effect
of these drugs on atazanavir levels,” Dr. Eron stressed. As discussed
above, coadministration of atazanavir with tenofovir and/or efavirenz
can be problematic, necessitating that the atazanavir/ritonavir dosing
schedule be used. “We don’t have any data yet regarding the effect of
atazanavir/ritonavir coadministration on lipid levels in treatment-naive patients, although the data in treatment-experienced patients certainly are
encouraging.” Dr. Eron said. “We also need to see more efficacy data in patients who are protease inhibitor-naive but are resistant to lamivudine.”

Fosamprenavir (Lexiva)
dr. eron spent some time discussing fosamprenavir (lexiva),
GlaxoSmithKline’s amprenavir prodrug approved by the fda in October
2003.
The results of two open-label studies involving antiretroviral-naive
patients have been reported. In the first study, apv30001 (the neat
study), 249 patients were randomized to receive twice-daily fosamprenavir (1,400 mg bid) or twice-daily nelfinavir (1,250 mg bid) in combination with twice-daily abacavir and lamivudine (Rodriguez-French,
2004). Rates of virologic failure were higher in the nelfinavir group (32%)
than in the fosamprenavir group (19%)—most notably among patients
with high baseline hiv-rna levels—after 48 weeks of therapy. “This involved taking two pills of fosamprenavir twice a day, and rates of hyperlipidemia were lower in the fosamprenavir group,” Dr. Eron added.
In Study apv30002 (the solo study), another open-label comparison, once-daily fosamprenavir plus ritonavir (1,400 mg/200 mg qd) was
compared to twice-daily nelfinavir (1,250 mg bid) in 649 treatment-naive
patients (Gathe, 2004). Again, both groups of patients received twice-daily abacavir and lamivudine. In this study, response rates were similar:
58% of patients in the fosamprenavir/ritonavir had hiv-rna levels below 50 copies/mL after 48 weeks, compared to 55% in the nelfinavir
group. However, virologic failures were more common among patients in the nelfinavir group than in the fosamprenavir/ritonavir group
(16% vs. 6% respectively).
“In this study, there was a more noticeable effect of fosamprenavir on
lipid levels, probably because of coadministration with ritonavir,” Dr. Eron
28

pointed out. “However, what was really interesting about this study was
the low level of genotypic resistance to fosamprenavir or the nrtis after
48 weeks. Genotypic resistance, meaning the presence of mutations, was
much more common among patients failing in the nelfinavir group.” To
be exact, of 32 patients allotted to receive fosamprenavir/ritonavir and participating in a virology substudy, none had primary or secondary protease
mutations after 48 weeks (MacManus, 2004). Conversely, in the nelfinavir
group, 30/54 (56%) evaluable patients had either primary or secondary
mutations associated with protease inhibitor resistance. Rates of reverse transcriptase mutations were lower in the fosamprenavir/ritonavir
group as well: 9% vs. 57%.
As for fosamprenavir in treatment-experienced patients, there was
Study apv30003. This study was a randomized, open-label comparison of
two different fosamprenavir/ritonavir regimens (700 mg/100 mg bid or
1,400 mg/200 mg qd) vs. lopinavir/ritonavir (400 mg/100 mg bid) in 315
patients who had failed one or two prior pi-based regimens. The time-averaged changes in viral load from baseline after 48 weeks was –1.4 log10
copies/mL for fosamprenavir/ritonavir bid and –1.67 log10 copie/mL
for the lopinavir/ritonavir group (fosamprenavir package insert). The
proportions of patients who achieved and maintained undetectable viral
loads (less than 50 copies/mL) were 46% in the fosamprenavir/ritonavir
bid group and 50% in the lopinavir/ritonavir group.
It’s important to note that this study was not large enough to reach
a definitive conclusion that fosamprenavir/ritonavir and lopinavir/
ritonavir are clinically equivalent. But if one thing is clear, it is that oncedaily fosamprenavir/ritonavir should not be used in pi-experienced
patients. After 48 weeks in this study, only 37% of patients in the oncedaily fosamprenavir/ritonavir group had hiv-rna levels below 50
copies/mL—a clear-cut inferior finding when compared to the response rates seen with either fosamprenavir/ritonavir bid or lopinavir/ritonavir.
“One problem with fosamprenavir is the drug-drug interactions issue,” Dr. Eron said. “For example, if you give a patient fosamprenavir plus
Kaletra, lopinavir and amprenavir levels decrease. Plus, fosamprenavir
can be difficult to take with zidovudine. Gastrointestinal toxicity is common and there’s very little information regarding the use of fosamprenavir with non-GlaxoSmithKline nrtis. So I haven’t exactly figured out
how to use fosamprenavir in experienced patients in my practice.”

Tipranavir
tipranavir is a nonpeptidic dihydropyrone, a new class of protease
inhibitors believed to have greater flexibility in conforming to enzyme
variants resistant to current protease inhibitors. The compound was originally developed by Pharmacia & Upjohn and has since been taken
over by Boehringer Ingelheim.
As with its unique chemical structure, tipranavir also differs from
other currently available protease inhibitors in its metabolic profiles. The
drug induces the cytochrome P450 pathway, whereas current protease inhibitors either inhibit or both inhibit and induce this enzyme system. In
early phase ii studies, a whopping 1,500 mg of tipranavir, taken three
times daily, was required to achieve the necessary trough concentration.
To circumvent this hurdle, the manufacturer developed a self-emulsifying
drug delivery system (sedds)—a soft-gel capsule—for the compound. After taking the new formulation of tipranavir into a phase ii study (Study
1182.52), the manufacturer recently concluded that the optimal tipranavir
dose is 500 mg twice daily and will need to be combined with low doses of ritonavir (200 mg twice daily) to reverse the rapid metabolism of the
drug by cytochrome P450 and to allow dosing with food (Gathe, 2003).
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Study 1182.52 has also produced some important resistance data
(Cooper, 2003). In this study, patients who had tried at least two protease
inhibitors in the past and had strains of hiv harboring at least one common protease-associated mutation (pram)—L33I/V/F, V82F/L/T, I84V, or
L90M—were randomized to receive one of three tipranavir doses in combination with ritonavir (see dose-optimization conclusions above). According to phenotypic analyses of 157 isolates collected at the start of the
study (216 patients were enrolled), the median fold increases in ic50
ranged from 7.0 to 94.2 for all of the currently approved protease inhibitors, compared to a 1.1-fold increase in the tipranavir ic50 against these
highly resistant isolates. Tipranavir’s ic50 increase was onefold or less in
42% of the isolates, between onefold and twofold in 27% of the isolates,
between twofold and fourfold in 18%, and greater than fourfold in 12%.
Among patients harboring hiv strains with twofold or less resistance to
tipranavir, viral load decreased, on average, by 1.23 log copies/mL during
the first month of the study. Among patients with greater than twofold resistance to tipranavir, median viral load decreases were less than 0.25 log
copies/mL. In other words, a greater than twofold increase in tipranavir’s
ic50 was a breakpoint for the drug. However, the investigators noted
that an accumulation of a large number of protease gene mutations was
necessary to result in a significant diminished antiviral response to
tipranavir. “According to the data analysis, patients with three or more
prams were not likely to benefit from tipranavir therapy,” Dr. Eron commented. “However, we now know from subsequent studies that this
turned out to be a flawed conclusion.”
One of the subsequent studies of interest is Study 1182.51 (Leith,
2004). This open-label study evaluated the pharmacokinetics of
tipranavir/ritonavir alone and in combination with saquinavir, amprenavir, or lopinavir/ritonavir (Kaletra) in 315 highly treatment-experienced
patients with three or more prams prior to study entry. The following
groups were compared: 1) tipranavir/ritonavir 500 mg/200 mg twice daily plus an optimal background regimen (obr); 2) saquinavir/ritonavir
1000 mg/100 mg twice daily plus obr; 3) amprenavir/ritonavir 600
mg/100 mg twice daily + obr; or 4) lopinavir/ritonavir 400 mg/100 mg
twice daily + obr. After two weeks, tipranavir/ritonavir 500 mg/100 mg
twice daily was added to the groups that didn’t initially receive tipranavir.
Minimum concentrations (Cmin) were evaluated at the end of weeks 1,
2, 3, and 4, and a 12-hour intensive pharmacokinetics evaluation was
conducted both before and after addition of tipranavir to the other protease inhibitors.
Because of its unique metabolism requirements, it came as no surprise that tipranavir reduced the Cmin values of amprenavir, saquinavir,
and lopinavir by 56%, 55%, and 81% respectively. As a result, after
four weeks of double-boosted pi therapy, hiv-rna values turned toward baseline values in all study groups. Based on these results—and
until double-boosted pi optimization studies are conducted—it is not recommended that tipranavir be used in combination with any other pis,
with the exception of ritonavir.
“What is encouraging about this study is the viral load drop, approximately 1.2 logs, that was seen in these patients,” Dr. Eron commented.
“Keep in mind, this was a highly treatment-experienced population. All of
the patients had more than three prams. The .52 study suggested that
greater than three prams would greatly limit tipranavir activity, whereas the
.51 study demonstrated significant activity. So this is very good news for
any of us treating patients with a lot of protease inhibitor experience.”

TMC114
much like its nnrti contender tmc 125 (discussed above), tibotec
dubs tmc114—its lead protease inhibitor candidate—a “resistant-repellent”
compound. More specifically, tmc114 has been designed not only to bind
with high affinity to typical active sites of the protease enzyme, but also
to remain active because of its unique flexibility in the event of mutations
that arise during prior therapy with other protease inhibitors.
A dose-escalating study of tmc114 has been conducted (Van der
Geest, 2001). Two groups of nine hiv-negative volunteers (six active, three
placebo) received alternating doses of 100 mg, 200 mg, 400 mg, 800 mg,
1,200 mg, or 1,600 mg. Because the maximum tolerated dose was not
reached, an additional panel was added to receive 2,400, 3,200 and 4,000
mg. Initially, plasma concentrations increased more than proportionally with the dose. No further increases in plasma concentrations were observed between 2,400 mg and 3,200 mg. The mean Cmax was 14.4–15.3
mg/ml at these dose levels. The elimination half-life was approximately ten hours, irrespective of dose. For 800 mg doses and higher, plasma
levels at eight to 12 hours post-dose exceeded protein-adjusted ic50s for
isolates resistant to currently approved protease inhibitors. All doses were
considered safe. Diarrhea—because of polyethylene glycol (peg) in the
formulation—occurred at high dose levels and limited further escalation.
Short-term localized oral and peripheral paresthesias were observed in
3/6 (50%) volunteers receiving the 3,200 mg tmc114 dose.
In a phase IIa clinical trial reported at the 11th croi, 50 patients failing a protease inhibitor-based regimen—and a history of other protease
inhibitor failures in the past—were randomized to switch their current
protease inhibitor for one of three doses of tmc114 (combined with
100 mg ritonavir) or to continue their failing regimen (Peeters, 2004).
At baseline, patients had a median viral load of 4.3 log copies/mL and
46% were resistant to all of the currently approved protease inhibitors.
After 14 days, the patients who did not switch their protease inhibitor(s)
for tmc114 experienced a slight increase in their viral loads. Those in the
300 mg, 600 mg, and 900 mg tmc114 groups had median hiv-rna decreases of 1.24 log, 1.5 log and 1.3 copies/mL respectively. Not surprisingly, no patients in the control group achieved undetectable viral
load levels (<400 copies/mL); after 14 days of treatment, in 46%, 42%
and 31% of those in the 300 mg, 600 mg, and 900 mg tmc114 groups
achieved viral loads <400 copies/mL. Importantly, there was no correlation between baseline resistance and virologic outcome.
Tibotec’s next step will be to conduct a dose-finding study using a solid formulation of tmc114. Phase ii studies are in progress.

IV. Entry and Fusion Inhibitors
since 1996, when the elusive cd4+ cell coreceptors ccr5 and cxcr4
were discovered, the process by which hiv gains entry into these cells
has been a major focus of basic and clinical research. What we now
know about this process is much more complete, and understanding
this complicated process has led to the development of inhibitors for
each step of hiv entry.
The hiv entry process begins with successive interactions between the
trimeric envelope complex—a cluster of proteins on hiv’s outer coat,
sometimes referred to as the gp160 spike—and both cd4 and a chemokine
coreceptor (either ccr5 or cxcr4) on the cell surface. This complex is made
up of three transmembrane glycoproteins (gp41), which anchor the cluster to the virus, and three extracellular glycoproteins (gp120), which contain the binding domains for both cd4 and the chemokine receptors.
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The first step in fusion involves the high-affinity attachment of the
cd4 binding domains of gp120 to the N-terminal membrane-distal domain of cd4. Once bound, the envelope complex undergoes a structural
change, bringing the chemokine binding domains of gp120 into proximity with the chemokine receptor on the cd4+ cell surface, allowing
binding for a more stable two-pronged attachment.
With the virus now latched on to both cd4 and the chemokine receptor, additional conformational changes take place in the envelope
complex, whereby gp41, originally tucked away within the trimeric
complex, is exposed and the N-terminal fusion peptide of gp41 pierces
the cd4+ cell’s membrane. From there, two heptad repeat sequences
(hr1 and hr2) of gp41 interact by folding in on themselves, resulting in
collapse of the extracellular portion of gp41 to form a hairpin, which is
sometimes referred to as a coiled-coil bundle. The hairpin structure
brings the virus and cell membrane close together, allowing fusion of
the membranes and subsequent entry of the virus core.
While additional details of this multistep process are still being
worked out in the lab, enough has been learned about the three major
steps involved in hiv entry—the binding of gp120 to cd4, the binding
of gp41 to either ccr5 or cxcr4, and the formation of gp41 fusion determinants that allows the virus to fuse with its cellular target—to develop
therapeutic strategies targeting each of these steps. Indeed, a number
of compounds are in various stages of development. For individuals with
hiv resistant to any or all of the current inhibitors of reverse transcriptase
and protease, these fusion and entry inhibitors represent truly unique
classes of drugs.
This section briefly summarizes some compounds, in the early
stages of development, that may expand the fusion and entry inhibitor
horizon beyond the first approved hiv entry inhibitor, the fusion inhibitor enfuvirtide (Fuzeon).

PRO 542
progenics pharmaceuticals’ pro 542—also known as cd4-igg2—
is a soluble cd4 receptor complex that binds to and neutralizes gp120 before binding can occur. The cd4 receptor region is integrated into an
immunoglobulin molecule to form a tetrameric protein that can be
synthesized using monoclonal antibody technology. As with enfuvirtide,
pro 542 cannot be taken orally; it must be infused, either intravenously
or subcutaneously.
A 2001 report, published in the Journal of Infectious Diseases, indicated
that pro 542 and enfuvirtide are synergistic against a diverse panel of
virus over a broad range of drug concentrations (Nagashima, 2001). In
some cases, the individual doses of both enfuvirtide and pro 542 were
able to be reduced by tenfold or more.
Results from phase i/ii clinical trials of pro 542 involving hiv-positive
adults and children were published in 2000. In the adult phase I study, volunteers were treated with a single intravenous infusion of pro 542 at doses of 0.2–10 mg/kg (Jacobson, 2000). pro 542 was well tolerated, and no
dose-limiting toxicities were identified. auc and peak serum concentrations increased linearly with dose, and a terminal serum half-life of three
to four days was observed, indicating that daily administration may not
be necessary. No patient developed antibodies to pro 542. Transient hivrna decreases were reported after single-dose administration.
In the phase i/ii study enrolling 18 hiv-positive children, pro 542
was evaluated by single and multidose intravenous infusions (Shearer,
2000). The drug was well tolerated, and, as with the adults, dose proportionality was observed in terms of auc and peg serum concentrations.
Noticeable decreases of approximately 0.7 log copies/mL in plasma
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hiv-rna levels were seen in four of the six children treated with four
weekly 10 mg/kg doses. After two weeks of treatment, three children had
sustained reductions in serum hiv-rna; the other children had rebounded to baseline levels.
In a more recent study published earlier this year, 12 hiv-infected individuals were treated with a single dose of pro 542 (25 mg/kg) and then
monitored for six weeks (Jacobson, 2004). At the dose used, pro 542 was
well tolerated and demonstrated a serum half-life of three days. Statistically significant acute reductions in hiv-rna levels were observed across
all study patients, and greater antiviral effects were observed in a cohort
of patients with more advanced hiv disease (defined as viral loads greater
than 100,000 copies/mL and cd4+ counts below 200 cells/mm3). In these
patients with advanced disease, pro 542 maintained a 0.5 log10 copies/mL
reduction in hiv-rna for four to six weeks post-treatment. In addition, a
significant correlation was observed between antiviral effects observed in
vivo and viral susceptibility to pro 542 in vitro.
Other phase ii clinical trials, which are being conducted in adults
and children, are currently under way. These studies will include patients
with hiv resistant to current antiretroviral options. The drug is currently
being evaluated in an improved formulation for subcutaneous administration.

SCH 417690 (SCH-D)
sch 417690, formerly known as sch-d, is schering-plough’s second
ccr5 antagonist contender to enter into clinical trials, following in
the footsteps of sch-c, which has been discontinued because of toxicity concerns.
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) evaluating oral
sch 417690 monotherapy for 14 days (four patients in each dosing group
received placebo). All patients were either naive to antiretroviral therapy
or had been off treatment for at least eight weeks.
The drug was well tolerated and no adverse events were documented. 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
(see Figure 4). 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.
Additional data has also concluded that 50 mg sch 417690 achieves
more substantial plasma concentrations than 50 mg sch-c.
actg 5211, a phase ii study of sch 417690 with ritonavir and optimized
background antiretrovirals in treatment-experienced patients, is actively enrolling patients.

BMS-488043
an oral gp120/cd4 binding inhibitor expected to enter phase ii
testing is bms-488043, being developed by Bristol-Myers Squibb. The antiviral activity, safety, and tolerability of this drug were evaluated in a
placebo-controlled multiple-dose study in hiv-infected patients (Hanna, 2004). Two groups of 15 patients—all of whom were either naive to
antiretroviral therapy or had been off treatment for at least 16 weeks—received 800 mg or 1,800 mg doses of bms-488043 or placebo, every 12
hours for eight days with a high-fat meal. On the eighth day of treatment,
the average reductions in hiv-rna were 0.7 log10 copies/mL in the 800 mg
group and 1.0 log10 copies/mL in the 1,800 mg group. Among patients in
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UK-427,857
like sch 417690, uk-427,857 is a chemokine receptor antagonist
designed to block the ccr5 receptor. The drug is being developed by Pfizer Pharmaceuticals.
Preliminary results of a phase I study were presented at the 43rd Interscience 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 of
uk-427,857 (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 uk-427,857 100 mg bid, compared to a 0.4 log10
copies/mL reduction among patients receiving the 25 mg qd dose. The
drug was well tolerated; no serious adverse events were reported.
I think these and other ccr5 antagonists are very, very interesting,” Dr.
Eron added. “However, drug development is going to be somewhat
tricky, given that these drugs are only active against viruses that use the
ccr5 receptor. They won’t be active against viruses that use the cxcr4 receptor. And there is some concern that using a ccr5 inhibitor will cause
an nsi-to-si switch, leading to a more pathogenic virus. While scientists
think that the risk of this is low, it’s important to remember that scientists
don’t treat hiv-positive patients. This is an issue that will need to be explored fully in clinical trials.”

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 all cxcr4using 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 yielded safe results in a recent Phase Ia dose-ranging study
involving hiv-negative volunteers (Stone, 2004).
A Phase iia study is being conducted by the Adult aids Clinical Trials
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-

Treatment-naive Subjects (n = 48)
0.5
hiv-rna Change from Baseline Log10 copies/ml

the 800 mg group, 58% experienced viral load reductions in excess of 1
log10 copies/mL; in the 1,800 mg group, the rate was 67%. cd4+ count increases were more pronounced in the 800 mg group (+106 cells/mm3)
than in the 1,800 mg group (+48 cells/mm3). There were no serious adverse events and no discontinuations from the study.
“While bms is very encouraged by these results,” Dr. Eron commented, “my gut sense is that they’re going to go back and find an inhibitor that is more broadly reactive against multiple envelope types.”
[editor’s note: As this issue of The prn Notebook went to press, we
learned that Bristol-Myers Squibb has, in fact, terminated development of
bms-488043 in the pursuit of potentially more broadly active compounds.]
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spite the intense efforts of many investigators and many pharmaceutical companies. Challenges to development have included the lack of correlation of some integration inhibition assays with inhibition of whole
virus replication, and nonselectivity, adverse pharmacokinetic properties,
and toxicity of many of the candidate compounds described to date.
First there are 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.
S-1368 is a diketo acid being developed by Shinogi Pharmaceuticals
and GlaxoSmithKline. It is a follow-up molecule to the companies’
early contender, S-1360, which was compromised by significant protein
binding. “S-1368 has significantly improved in vitro activity, compared
with S-1360,” Dr. Eron commented. “What’s needed is some clinical
trial data, which we will hopefully have soon.”
There are also the napthyridine carboxamides, which include Merck’s
contenders L-870,812 and L-870,810 (Hazuda, 2002). These two compounds
have potent antiretroviral activity in vitro—the ic95 for L-870,812 was 0.250
mM and the ic95 for L-870,810 was 0.110 mM, both in 50% human serum.
L-870,812 has an oral bioavailability of 64%, and L-870,810 has an oral
bioavailability of 49%, both in rhesus macaques.
L-870,812 has been tested in macaques infected with a recombinant
siv/hiv virus. shiv-rna was reduced by 1 to greater than 3 log10 copies/mL
in the treated laboratory animals and 4/6 macaques experienced an
shiv-rna decrease to undetectable levels. Samples collected from the two
macaques that did not achieve maximal shiv-rna suppression had evidence of an N155H mutation in the integrase gene (Hazuda, 2004).
Despite the structural differences between S-1360 and L-870810, a report at the 10th croi noted a significant potential for cross-resistance between these two integrase inhibitors, which are both currently undergoing clinical development (Hazuda, 2003).
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Gazzard BG, Pozniak AL, Rosenbaum W, et al. An open-label assessment of tmc 125-a new, next-generation
nnrti, for 7 days in hiv-1 infected individuals with nnrti resistance. aids 17:F49-54, 2003a.

VI. 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 viral particles are defective and non-infectious.
Data from a Phase I clinical trial—involving hiv-negative study
volunteers—evaluating the safety and pharmacokinetics of pa-457 were
presented at the xv International aids Conference in Bangkok (Martin,
2004). Four doses were selected for evaluation: 25 mg, 50 mg, 100 mg,
and 250 mg. At each dose level, six subjects received pa-457 and two additional individuals received placebo. The drug was well tolerated at all
doses, with good oral bioavailability and favorable pharmacokinetics. All
doses produced mean circulating plasma levels which exceeded the
target therapeutic concentration. At doses of 50 mg or higher, drug levels continued to exceed the target concentration twenty four hours after administration. These results suggest that pa-457 will be suitable for
once-daily oral dosing.
Additional Phase I studies are currently being conducted.

Geleziunas R, Gallagher K, Zhang H, et al. hiv-1 resistance profile of the novel nucleoside reverse transcriptase
inhibitor beta-D-2’,3’-dideoxy-2’,3’-didehydro-5-fluorocytidine (Reverset). Antivir Chem Chemother 14(1):49-59, 2003.
Gruzdev B, Rakhmanova A, Doubovskaya E, et al. A randomized, double-blind, placebo-controlled trial of
tmc125 as 7-day monotherapy in antiretroviral naive, hiv-1 infected subjects. aids 17:2487-94, 2003.
Hanna G, Lalezari J, Hellinger J, et al. Antiviral activity, safety, and tolerability of a novel, oral small-molecule hiv1 attachment inhibitor, bms-488043, in hiv-1-infected subjects [Abstract 141]. 11th Conference on Retroviruses and
Opportunistic Infections, San Francisco, 2004.
Hazuda DJ, Young SD, Guare JP, et al. Integrase inhibitors and cellular immunity suppress retroviral replication
in rhesus macaques. Science 305(5683):528-32, 2004.
Hazuda DJ. The potential for cross resistance between S-1360, L-870810 and other structurally diverse inhibitors
of hiv-1 integrase strand transfer [Abstract 140]. 10th Conference on Retroviruses and Opportunistic Infections,
Boston, 2003.
Hazuda DJ. Integrase inhibitors [Abstract MoOrA137]. xiv International aids Conference, Barcelona, 2002.
Hernandez J, Amador L, Amantea M, et al. Short-course monotherapy with ag1549, a novel nonnucleoside reverse
transcriptase inhibitor, in antiretroviral naive patients [Abstract 669]. 7th Conference on Retroviruses and Opportunistic Infections, San Francisco, 2000.
Jacobson JM, Israel RJ, Lowry I, et al. Treatment of advanced human immunodeficiency virus type 1 disease with
the viral entry inhibitor pro 542. Antimicrob Agents Chemother 48:423-9, 2004.
Jacobson JM, Lowy I, Fletcher CV, et al. Single-dose safety, pharmacology, and antiviral activity of the human immunodeficiency virus (hiv) type 1 entry inhibitor pro 542 in hiv-infected adults. J Infect Dis 182(1):326-9, 2000.
Leith J, Walmsley S, Katlama C, et al. Pharmacokinetics and safety of tipranavir/ritonavir alone or in combination with saquinavir, amprenavir, or lopinavir. Interim analysis of bi1182.51 [Abstract 5.1]. 5th International
Workshop on Clinical Pharmacology of hiv, Rome, 2004.
Li F, Goila-Gaur R, Salzwedel K, et al. pa-457: a potent hiv inhibitor that disrupts core condensation by targeting
a late step in Gag processing. Proc Natl Acad Sci usa 100(23):13555-60, 2003.
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Conclusion

Martin DE, Smith P, Wild CT, et al. In vitro and in vivo disposition of pa-457, a novel inhibitor of hiv-1 maturation [Abstract WePeA5644]. xv International aids Conference, Bangkok, 2004.

in summation, dr. eron stressed that while there may not be as
many agents in the pipeline as there have been in years past, there are
definitely a few compounds that may prove to be of advantage to antiretroviral-naive and treatment-experienced patients. The objectives of
new drug development are pretty much the same as they ever were: increased potency, the ability to overcome virus resistant to currently
available agents, and improved convenience and tolerability. And while
it is undoubtedly true that the clinical development of new drugs can be
challenging, a continued sense of cautious optimism that the therapeutic
options will meaningfully expand is warranted.
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