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radication of hiv has not been possible with currently available reverse
transcriptase inhibitors and protease
inhibitors; and multiclass drug-resistant mutants of hiv—along with a
multitude of disabling and sometimes life-threatening side effects—are a
growing threat. Thus, there is a great need
for compounds that target non-protease
and reverse transcriptase elements of the
hiv lifecycle. Not only might such novel
therapies increase the potency of initial
hiv treatment, but they may also provide
hope for patients who have exhausted
current treatment options.
This article, based on prn lectures delivered by Drs. Joseph Eron and Christine Hogan in January 2002, reviews one
of the most promising areas of hiv drug
development: inhibitors of hiv fusion and
entry. As reviewed by both investigators,
two fusion inhibitors targeting hiv’s gp41
envelope protein (T-20 and T-1249) continue
to advance through clinical trials and have
both received fast-track designations by
the U.S. Food and Drug Administration. As
for other entry inhibitors targeting cellular
proteins in the earlier stages of development (e.g., inhibitors of CD4, CCR5, and
CXCR4), Drs. Eron and Hogan noted some
of the advances and setbacks that have
occurred over the past few years.

hiv Fusion and Entry
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
research (see “The hiv Envelope Glycoproteins: Their Roles in Virus Entry and as
a Vaccine Target,” published in the March
1999 issue of The PRN Notebook). What we
now know about this process is much more
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complete, and understanding the details
involved has led to the development of inhibitors for each step of hiv entry.
The hiv fusion and entry process begins
with 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.
As illustrated in Figure 1, 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, allowing 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 enters the CD4+
cell’s membrane. From there, two heptad
repeat sequences (HR1 and HR2) of gp41
interact, 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 fusion
and entry—the binding of gp120 to CD4,
the binding of gp120 to either CCR5 or
CXCR4, and the formation of gp41 fusion
determinants that allows the virus to mesh
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.

Attachment Inhibitors
(Agents Targeting CD4)
the initial interaction of hiv GP120 with
CD4 on the cell surface offers the highly
conserved CD4 binding site on gp120 as a
therapeutic target. Unfortunately, this approach is not without caveats. As explained by Dr. John Moore in the March
1999 Notebook article referenced above,
the conserved CD4 binding sites of gp120
are protected by glycosylation—a flexible
layer of sugars that can occlude the peptide backbone of gp120, alter its antigenicity, and reduce its immunogenicity.
This has been one of the main concerns
regarding the potential effectiveness of
the gp120 vaccine (Vaxgen) for the prevention and possibly immune-based treatment of hiv infection. Similarly, studies
employing a soluble form of CD4 (rsCD4)
as a therapeutic compound showed
promise in vitro but had little noticeable
activity against primary hiv isolates and
was rapidly cleared from the body (Daar,
1990; Schooley, 1990; Schacker, 1995).
Fortunately, newer compounds continue

THE PRN NOTEBOOK ™ • VOLUME 7, NUMBER 1 • MARCH 2002 • WWW.PRN.ORG

A

B
rna

HIV
gp41

gp120

Chemokine Receptor

cd4
Receptor

CD4+ CELL

C

D

ﬁgure 1. hiv Fusion and Entry.
panel a: The process begins with 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 receptor (either ccr5 or ccr4) 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.
panel b: The first step in fusion involves the high-affinity attachment of the cd4 binding domains of gp120 to the N-terminal membranedistal domains of cd4. cd4 attachment inhibitors (e.g., pro 542) act here.
panel c: Once gp120 is bound with the cd4 protein, the envelope complex undergoes a structural change, bringing the chemokine binding domains of gp120 into proximity with the chemokine receptor, allowing for a more stable two-pronged attachment. Antagonists of
ccr5 (e.g., sch-c) and cxcr4 act here. If the virus latches on to both cd4 and the chemokine receptor, additional conformational changes
allow for the N-terminal fusion peptide of gp41 to enter the cd4+ cell membrane.
panel d: Two heptad repeat sequences—hr1 (blue) and hr2 (orange)—of gp41 interact, resulting in collapse of the extracellular portion of gp41 to form a hairpin, which is sometimes referred to as a coiled-coil bundle. The fusion inhibitors t-20 and t-1249 act here
by mimicking hr2, resulting in a botched formation of the hairpin. In the absence of an inhibitor, the hairpin structure brings the virus
and cell membrane close together, allowing fusion of the membranes and subsequent entry of viral rna.
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to hold promise as attachment inhibitors. Of
particular interest are two vaginal microbicides: PRO 2000 and Cyanovirin-N. PRO
2000, a naphthalene sulfonate polymer that
is active against a wide range of hiv isolates,
is currently in phase II clinical trials being
conducted around the world. Cyanovirin-N,
a mannose binding protein derived from
the blue-green algae Nostoc ellipsosporum, is active against a diverse range of
viruses with mannose-rich glycoproteins,
including HIV-1, HIV-2, and human herpes
virus-6 (HHV-6). Both compounds are applied topically and are being followed
closely by advocates for women’s health
and hiv prevention.

pro 542
there is also progenics pharmaceuticals’
PRO 542, also known as CD4-IgG2. Like rsCD4,
PRO 542 is a soluble CD4 receptor 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. This structure has allowed for a
prolonged half-life of PRO 542 in blood plasma which, according to the manufacturer,
has been associated with better in vivo responses than those seen with rsCD4. In vitro data also conclude that PRO 542 is active against primary hiv isolates.
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.
No patient developed antibodies to PRO 542.
Transient hiv-rna decreases were reported
after single-dose administration.
In the phase I/II study enrolling 18 hivpositive 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 peak serum concentrations. Noticeable decreases of approximately 0.7
log copies/mL in plasma 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
18

had sustained reductions in serum hivrna; the other children had rebounded to
baseline levels.
A second set of phase II clinical trials,
which are also being conducted in adults
and children, were kicked off in 2000.
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.

Chemokine Receptors (CCR5 Antagonists)
another site in the hiv entry process
that has been the focus of therapeutic research is the CD4-dependent interaction
between hiv gp120 and the CCR5 chemokine receptor. It has been established that
CCR5 is the receptor responsible for the
fusion of macrophage-tropic hiv—now
usually referred to as an R5 strain—the
most common primary strain of the virus
transmitted from one person to another.
Between 1% and 2% of Caucasians are
homozygous for the 32 base-pair deletion
in the CCR5 gene, which effectively blocks
the expression of CCR5 on the surface of
their CD4+ cells and ultimately affords significant protection against hiv infection.
Similarly, between 15% and 20% of individuals of Western European descent who
are heterozygous for this mutation express reduced levels of CCR5 and, consequently, have exhibited delayed progression to aids in most studies.
Anti-hiv protection seems to result from
a combination of reduced expression of
CCR5 on cells and increased production of
the chemokines (rantes, mip-1α and mip1β) that are the natural binding agents (or
“ligands”) for this receptor. In other words,
not only are there fewer CCR5 receptors for
hiv to latch on to, there are fewer receptors
accessible to hiv that are not already being
used by these binding proteins. “Based on
these observations,” Dr. Hogan explained,
“along with those suggesting that the genetic absence of CCR5 is of little consequence to overall health, there has been a
significant push in recent years to develop
therapeutic strategies that block the binding of hiv to this receptor.”
This is not to say that CCR5 antagonists
are without their potential caveats. As discussed above, hiv phenotypes responsible
for establishing infection in a new host are
predominantly CCR5-tropic, whereas the

emergence of CXCR4-tropic variants is widely considered to be associated with accelerated loss of CD4+ cells and progression to
aids (Koot, 1993). Although the evolution
from CCR5- to CXCR4-tropic viruses is slow in
hiv-infected individuals, there has been
some concern that suppression of hiv infection with a CCR5 antagonist might accelerate the selection for CXCR4- or dual-tropic (CCR5/CXCR4) strains. “It still remains unclear whether or not this phenotypic switch
is a consequence or a cause of disease progression,” added Dr. Hogan. “Is it that the
virus changes tropism and induces disease
progression? Or is it that disease progression is already happening, resulting in loss
of immune control of CXCR4-tropic virus?
We are not really sure yet.”
At least one report, published in the
Journal of Virology in 1999, has documented a switch from R5 to X4-tropic viruses using CCR5 antagonists (Mosier, 1999). In
this study, two chemokine analogues—
aop-rantes and nny-rantes—were tested for their ability to prevent hiv-infection and to select for coreceptor switch
variants in the hu-pbl scid mouse model of
hiv infection. Mice were infected with an
R5-tropic hiv isolate that requires only one
or two amino acid substitutions to use
CXCR4 as a coreceptor. Even though it
achieved lower circulating concentrations
than aop-rantes, nny-rantes was more effective in preventing hiv infection. However, in a subset of treated mice, these
levels of nny-rantes rapidly selected viruses with mutations in the V3 loop of envelope that altered coreceptor usage. This
process led to the emergence of CXCR4-utilizing escape variants within one week of
treatment with nny-rantes. While in vitro
replication analysis suggested that the X4
variants were less fit than the parental R5
virus, the variants persisted in vivo for
three weeks after the chemokine analogue
was removed from the system.
More recent data, published earlier this
year in the Proceedings of the National
Academy of Sciences, casts some doubt
on the likelihood that CXCR4-tropic hiv
variants will emerge with the use of clinically relevant CCR5 inhibitors (Trkola,
2002). While this may be interpreted as
good news, these data show that, even in
vitro, HIV was able to escape inhibition by
a CCR5 antagonist and still use the CCR5
receptor—an observation that is on a par
with drug resistance seen with current
antiretroviral agents. As a result, the use
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of these chemokine-receptor ingram on hold. However, the hold on
ﬁgure 2. sch-c Plasma Profiles Following
hibitors as monotherapy is not
development has since been lifted.
likely to be successful.
In a multiple-dose study inSingle Oral Dose in Humans
In this study, the team passaged
volving HIV-negative volunteers,
the virus several times in PBMCs
the doses selected were 50mg,
25 mg
100mg, 200mg, and 400mg—all
with increasing concentrations of
50 mg
10,000
100 mg
to be administered twice daily. In
the CCR5-specific small molecule
200 mg
compliance with requests from the
inhibitor AD101. By 19 passages,
1,000
400 mg
an escape mutant emerged with
FDA, a 600mg dose was abandoned
600 mg
greater than 20,000-fold resistance
and all volunteers were to be hosMedian ic90
to AD101. However, the escape mupitalized for close monitoring for
100
the 14 days of on-treatment evaltant was unable to use CXCR4 or
uation. The four groups were evalany other tested coreceptor (e.g.,
10
uated sequentially, as opposed to
CCR2 or CCR3) to enter cells. Instead,
collectively, to gather preliminary
hiv apparently acquires the ability
safety information before studyto use CCR5 despite the inhibitor,
1
0
12
24
36
48
60
72
84
96
ing a higher dose in a new group
first by requiring lower levels of
of individuals.
CCR5 for entry and then probably
Time (hr)
While there were no QT interval
by using the drug-bound form of
the receptor.
problems
reported in the individSource: Schering-Plough Research Institute
Several inhibitors of CCR5-meuals who received either the 50mg
or 100mg BID doses of SCH-C, there were
diated hiv entry have been shown to preAntiviral and pharmacokinetic propvent R5 virus infection in vitro. These insigns of QT prolongation at the 200mg
erties of SCH-C have been evaluated in labclude chemokines themselves, modified
oratory animals. In SCID-hu mice, the comdose, thus prompting the investigators to
chemokines (e.g., aop-rantes, nny-rantes,
drop the 400mg group. The QT prolongapound strongly inhibited the replication
of
a
tion
observed in the 200mg group was
9-68 rantes, 3-68 rantes, Met rantes),
CCR5-tropic isolated. In rats and prirapidly reversed upon stopping therapy.
monoclonal antibodies to CCR5 (e.g., PRO
mates, SCH-C had a favorable pharmacoDr. Hogan pointed out that a clinical
kinetic profile, with an oral bioavailability
140), and small-molecule antagonists.
trial evaluating SCH-C monotherapy in HIVof 50% to 60% and a serum half-life of
five to six hours.
infected individuals is currently open to enDr.
Hogan
also
reviewed
some
unpubrollment. One site is open in Montpellier,
sch-c
lished
pharmacokinetics
and
safety
data
France, under the direction of Professor
of particular interest to both drs. eron
from single-dose and multiple-dose studies
Jacques Reynes, and another site is open
and Hogan was the orally bioavailable
conducted
in
at the Aaron Diamond AIDS Research CenCCR5 antagonist Schering C (SCH-C), which
HIV-negative volunteers. The
is being developed by Schering-Plough
single-dose study enrolled 54 individuals
ter in New York. Other expected research
Research Institute. SCH-C is one of several
who were allotted to receive one of six dossites in this, and perhaps other, SCH-C studes: 25mg, 50mg, 100mg, 200mg, 400mg,
small-molecule agents that have been studies include the Institute of Human Viroloand 600mg. Six volunteers in each group
ied as potential antagonists of CCR5. Others
gy in Baltimore and the University of Pennreceived the compound; three received
sylvania in Philadelphia.
include TAK-779, which will no longer be
placebo. While the pharmacokinetics of
Three doses have been selected for evaldeveloped because of bioavailability and
uation—25
mg, 50 mg, and 100 mg, all
formulation concerns, and SCH-D, a secSCH-C varied, depending on the dose adadministered twice daily—and a safety reond CCR5 antagonist from Schering-Plough
ministered, plasma levels were above the
view will be conducted for each dose before
currently in the preliminary stages of labIC90 for most of the doses employed. Twenmoving on to the next higher dose. Data inoratory testing.
ty-four hours after SCH-C was administered,
volving the first 12 patients to receive
A detailed overview of preclinical data
the drug’s Cmin was still above the IC90, sugsurrounding SCH-C was provided by Dr.
gesting that once-daily dosing is possible.
SCH-C 25 mg bid were reported recently in
Of particular concern in this single-dose
Hogan and is summarized in a research
Seattle, at the 9th Conference on Retrostudy was QT prolongation observed in the
paper appearing in the October 21, 2001,
viruses and Opportunistic Infections
issue of the Proceedings of the National
(Reynes, 2002). After ten days, the average
individuals receiving the highest dose of
Academy of Sciences (Strizki, 2001). In
reduction in hiv-rna was approximately
SCH-C. According to data released by Schershort, SCH-C is an oxime-piperidine com0.7 log. The most common adverse events
ing-Plough, the mean maximal increase in
were mild headaches and altered taste;
the QT interval, among individuals who repound that, according to several in vitro
no toxicity-related discontinuations were
evaluations, is a bona fide antagonist of
ceived the 600 mg dose, was 60 msecs.
reported. Some qt prolongation was obThere
were
no
symptomatic
events
(e.g.,
arCCR5 receptor binding and signal transserved — the mean increase was 11.5
rhythmias), although more extensive folduction. In vitro observations also suggest
msecs after ten days of treatment. Antivilow-up testing (e.g., Holter monitoring) was
that SCH-C is CCR5-exclusive—it has no effect
ral activity and safety data involving the 50
generally not conducted. These observaon infection of CXCR4-expressing cells—and
mg dose will likely be presented this
tions led the U.S. Food and Drug Adminishas broad and potent antiviral activity
Spring.
tration to put the SCH-C development proagainst primary CCR5-tropic HIV isolates.
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Chemokine Receptors
(CXCR4 Antagonists)

ous infusion. “Using an insulin pump
to deliver T-20 was not successful,”
commented Dr. Eron. “The infusion
lines kept clogging up, setting off the
approximately 40% of hiv-positive
pump alarms.” Pharmacokinetic
people develop phenotypic strains that
Control (n=19)
analyses showed a half-life of 2.3 to
can use CXCR4 in addition to, or someTotal t-20 (n=52)
60
54.9%
2.4 hours and bioavailability levels
times instead of, CCR5 as a coreceptor
between 60% to 70% following SC ad(Simmons, 1996; Berger, 1997). As
47.1%
50
stated above, CXCR4 is associated with
ministration. Viral load decreases of
40
36.8%
36.8%
up to 1.5 log were reported in both
HIV disease progression, a finding that
studies. “We really have beautiful
raises the possibility of using inhibitors
30
pharmacokinetics with the SC injecof this chemokine to halt the patho20
genic activity of CXCR4-tropic virus.
tions,” he added. “Nice and steady
10
flat PK curve from dose to dose.”
There has been some concern that,
because CXCR4 is expressed on a much
The original formulation of T-20 re0
wider range of cell types than CCR5,
quired
two 50 mg injections twice dai<400 copies/mL
<50 copies/mL
ly. The manufacturers have improved
the potential for adverse effects rethe formulation such that a single insulting from CXCR4 inhibition may be
Source: Lalezari,2002. 9th Conference on Retroviruses and Opportunistic
Infections, Abstract 418-W.
jection can deliver 90 mg of T-20 .
greater. In fact, CXCR4 knockout mice
have been shown to have multiple
Twice-daily administration will still be
birth defects, including: abnormal B-cell
required (Lalezari, 2001).
ical stages of development include: variants
lymphopoiesis and bone-marrow
Volunteers who participated in either
of SDF-1, a natural ligand of CXCR4; T-22, an
myelopoiesis, abnormal heart developinjectable 18 amino acid peptide; and T-134
TRI-001 or TRI-003 were permitted to enroll
ment, poor CNS development, decreased
in a larger and longer safety and efficacy
and T-140, two 9 D-amino acid peptides.
trial (T20-205) (Lalezari, 2000). Prior to envascularization of the gastrointestinal tract,
and prenatal or neonatal death.
tering the study, the 71 patients who enEven without these very serious conrolled had failed, on average, 10 anticerns, initiatives to develop an effective
retrovirals—97% had failed at least one
protease inhibitor and 79% had failed at
CXCR4 antagonist have been plagued by forfurthest along in development are the
least one drug in all three currently availmulation shortcomings. ALX40-4C, a 9 Dfusion inhibitors—compounds that block
able classes. The median baseline viral
infection by preventing HIV from fusing with
amino acid peptide developed by Allelix
load was 4.8 log, and the median baseline
Pharmaceuticals, was pulled by the manuand inserting its genetic machinery into
facturer in 1997 because of limited efficacy
host cells. “We’ve had our eyes on these
CD4+ count was 135 cells/mm.3
and formulation problems. There was also
compounds for quite awhile,” commented
Patients received twice-daily 50 mg inDr. Eron. “Now that T-20 has been studied in
jections of T-20 in combination with other
AMD3100, a small molecule in the bicyclam
family that demonstrated potent antiviral
a few phase II studies and is currently in
antiretroviral drugs that were chosen on
activity in vitro. In vivo experiments in
phase III trials, we’re getting a better sense
the basis of treatment history and genoThy/Liv SCID-hu mice showed that AMD3100
of what we can expect from this drug.”
type. After 48 weeks of follow-up, only
41/71 (58%) remained on therapy. Of those
prevented the replication of CXCR4-tropic
individuals who completed the trial (onvirus, but not CCR5-tropic HIV. Interestingly,
treatment analysis), 56% had viral loads eiAMD3100 partially suppressed dual-tropic
t-20
ther below 400 copies/mL or tenfold below
CCR5/CXCR4 isolates in the mice; the recovT-20, a peptide fusion inhibitor, is being
baseline, and 22% had HIV-RNA levels below
ered virus was unable to use CXCR4 and
developed by Trimeris, Inc., in collaboration with Hoffmann-LaRoche. It is a conhad lost its syncytia-inducing phenotype.
50 copies/mL. Evaluating the results using
served 36 amino acid synthetic C-peptide
Development of AMD3100 was halted in
an intent-to-treat analysis, 33% of the
that corresponds to a region of the C-helix
study population had HIV-RNA levels below
May 2001 because of a possible link bestructure (HR-2) of gp41. The C-peptide
tween cardiac toxicity and high doses of
400 copies/mL or tenfold below baseline,
the drug (lower, potentially safer doses of
and 13% had viral load levels below 50
goes to work after gp120 has successfully
copies/mL after 48 weeks.
docked
with
the
AMD3100 had unimpressive antiviral activCD4 receptor. T-20 mimics
Another component of the T20-205 study
ity in preliminary studies involving HIVthe activity of HR2 and binds with HR1.
infected patients). Moreover, AMD3100 treatThis, in turn, effectively blocks the conwas a post-trial quality-of-life questionformational changes that are required to
naire, discussed last year by Dr. Calvin Coment resulted in a threefold increase in
secure viral/cellular membrane fusion.
hen at the First International AIDS Society
white blood cells in some clinical trial parBecause T-20 is a peptide, it must be
ticipants, probably because of WBC mobiConference on HIV Pathogenesis and Treatlization from tissues into the blood (Heninfused intravenously (IV) or injected subment in Buenos Aires (Cohen, 2001).
drix, 2000). Anormed, however, is still
Roughly half (51%) of the patients rated
cutaneously (SC). Initial proof-of-principle
moving forward with an orally bioavailable
the ease of injection as “very easy/easy;”
(TRI-001) and dose-escalation (TRI-003) studanalogue of AMD3100, dubbed AMD8664.
36% rated the twice-daily injections as
ies found that twice-daily SC injections of T“not bad,” and 13% rated them “someOther CXCR4 antagonists in the preclin20 (100 mg BID) were superior to continu-

% patients

ﬁgure 3. t20-206: 48-Week hiv-rna
Responses to haart +/- t-20

Fusion Inhibitors (gp41 Binders)
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Change in hiv-rna

drug—even those present in
what difficult.” The majority
ﬁgure 4. t1249-101: Mean hiv-rna Change from Baseline high levels—have any effect
of participants felt that SC inon the molecules’ pharmajections did not interfere
0.2
cokinetics or effectiveness.
with their normal daily life,
and 94% said that they
T-20 has been evaluated
0.0
would continue to use the
in HIV -positive children.
-0.2
injections.
Twelve treatment-experi6.25 mg qd
-0.4
Forty-eight-week data
enced or treatment-naive
6.25 mg bid
-0.6
12.5 mg qd
from the first randomized
children ages three to 12
-0.8
12.5 mg bid
and controlled clinical trial
were evaluated in a Phase
-1.0
25 mg qd
of T-20 were reported reI/II study being conducted
Mean reduction of
-1.2
25 mg bid
in collaboration with the Pecently at the 9th Conference
1.3 log copies/mL with
-1.4
diatric AIDS Clinical Trials
on Retroviruses and Oppor25 mg bid dosage
-1.6
tunistic Infections in Seattle
Group (PACTG 1005) (Church,
0
2
4
6
8
10
12
14
(Lalezari, 2002). The study
2001). The preliminary findStudy Day
compared three doses of
ings suggest that short-term
(up to 12 weeks) subcutaT-20 in combination with a
neous dosing with T-20 is
regimen of approved antiSource: Eron, 2001. 8th Conference on Retroviruses and Opportunistic Infections, Abstract 14.
retrovirals—abacavir (Ziawell tolerated by children,
gen), amprenavir (Agenerase), low-dose
tions, twice daily, for more than two years.
and that in the highest dose group (60
ritonavir (Norvir), and efavirenz (Sustiva)—
The appearance of these nodules can be
mg/m2) the drug resulted in rapid supin 71 patients who were naive to non-nufrustrating for some of these individuals,
pression of HIV-RNA of approximately tencleoside reverse transcriptase inhibitors
when the nodules occur with every injecfold average reduction from baseline levbut experienced with protease inhibitors
tion. A few patients have opted to disconels in seven days.
and nucleoside reverse transcriptase intinue therapy in part because of this adWhen standard antiretroviral drugs were
hibitors. The subjects were randomized
verse effect.”
added to T-20, this tenfold reduction was
in an open-label fashion to one of four
The incidence of other clinical adverse
maintained in the majority of children
treatment groups: control regimen without
events and laboratory abnormalities was
(three of four subjects in the 30 mg/m2
similar
between
the
T-20 (arm A) or control regimen with either
T-20 arms and the
group and six of seven subjects in the 60
50 (arm B), 75 (arm C), or 100 mg (arm D)
control arm in T20-206 and did not appear
mg/m2 group) who had crossed the eightadministered twice daily via sc injection.
to be dose-dependent in any of the preweek time point. In the study, T-20 was well
At baseline, the median viral load was
liminary study results reported thus far.
tolerated. One child discontinued treatment
4.27 log and the CD4 + count was 232
Both in vitro and in vivo data indicate
due to aversion to injections but no child
that HIV resistance to T-20 can and does
discontinued due to adverse events. Mild to
cells/mm.3 After 48 weeks of follow-up,
moderate injection site reactions (erythema,
hiv-rna levels were -2.39 log below baseoccur. HIV variants with decreased sensiinduration, pruritis, discomfort) occurred in
line in patients receiving 100 mg T-20 in
tivity to T-20 contain mutations in the HR1
eight of 12 children but were usually mild.
conjunction with standard antiretroviral
region of the gp41 complex. The most sigWith respect to the phase III developtherapy. In the control group, viral load
nificant mutations are those found in the
ment
program initiated by Trimeris/Roche,
was -1.87 log below baseline, compared to
GIVQQQ sequence, located near the N-tertwo studies are currently under way: T20-301
-2.10 log and -2.62 log in the 50 mg and
minus of the HR1 region. “The fact is, we do
75 mg T-20 groups, respectively. The perhave resistance to T-20,” explained Dr. Eron.
and T20-302. The T20-301 trial is evaluating Tcentages of patients with hiv-rna levels
“We’re still going to need new agents, in20 as a component of salvage therapy in
below 400 copies/mL and 50 copies/mL
cluding new fusion inhibitors like T-1249.”
the United States, Canada and Latin Amerare reported in Figure 3.
ica. HIV-positive individuals with greater
Fortunately, in vitro data suggest that T-20
As for immunologic responses at 48
than
six months of experience with all three
does not induce cross-resistance to T-1249,
weeks, there was a total CD4+ count gain of
of the currently approved antiretroviral
which binds to a partially overlapping but
classes are eligible. The T20-302 study is
distinct region of HR1. Dr. Eron also men90 cells/mm3 in the control group, compared to a gain of 124 CD4+ cells/mm3 in
tioned that several companies with drug-resimilar to the T20-301 study, but will be consistance assays are fine-tuning their tests to
the 100 mg T-20 group. In terms of side efducted in Europe and Australia. Both studallow for the genotypic and phenotypic asies are now fully enrolled—approximately
fects, mild to moderate local injection site
sessment of plasma samples, once T-20 is
525 individuals are participating in each trireactions have been the most frequently
al—and will gather at least 48 weeks of
reported T-20-related adverse events, ocapproved for general use.
on-treatment follow-up data.
There has been some consternation recurring in approximately two-thirds of pa“If I were to guess, I expect that T-20 will
garding the possibility that, because T-20
tients who have received the treatment in
clinical trials. “The most common adverse
go
before
the Food and Drug Administra(and its potential successor T-1249) is a pepeffect of T-20 has been nodules that form at
tion this fall,” Dr. Eron speculated. “If the
tide, it will elicit a humoral response in
stars and planets line up just right, this
vivo. T-20 is immunogenic in animals and
the injections site in some patients,” Dr.
drug might be approved by late 2002. I’d
Eron said. “Despite these nodules, some of
humans, although no data reported thus far
be shocked if the phase III studies did not
our patients have been receiving injecindicates that antibody responses to either
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mirror the encouraging results we saw in
earlier studies, so I really do think we
have this drug to look forward to.”

t-1249
another compound being developed by Trimeris, Inc., is the second HR-2
peptide analogue fusion inhibitor to enter
clinical trials. This molecule, a 39 amino
acid peptide, is active against HIV strains
resistant to both standard antiretrovirals
and variants resistant to T-20.
Animal studies have determined that
the bioavailability of T-1249 averages 90%
for the subcutaneous formulation. Doses
ranging from 0.8 to 1.6 mg/kg yield plasma
concentration in excess of 6 mg/ml, which
is higher that the target concentration
needed to maintain antiviral activity.
A phase I/II clinical trial of T-1249 was
conducted in 72 HIV-positive, treatmentexperienced adults who received no other
HIV therapy over the 14-day treatment period (Eron, 2001). In this study (T-1249 101)
patients received T-1249 as monotherapy
for 14 days at doses ranging from 6.25
mg/day to 50 mg/day on a once or twice
daily regimen. The results indicated that T1249 was well tolerated over 14 days and
conferred dose-related suppression of HIV
(see Figure 4). On day 14, the median decrease in HIV-RNA levels from baseline
ranged from 0.10 logs for the 6.25 mg/day
dose to 1.4 log 10 reduction in viral
copies/mL for the 50 mg/day dose. These
encouraging data provide the basis to continue the clinical development of T-1249.

including the potential for cardiac toxicity
with SCH-C, as well as theoretical concerns
surrounding the CXCR4 inhibitors. But there’s
a lot to be encouraged about. It would be
great to have these new classes available
now. But we’re just not there yet.”

Lalezari J, Cohen C, Eron J, et al. Forty-eight
week analysis of patients receiving T-20 as a
component of multi-drug salvage therapy
[Abstract LBP116]. 13th International Conference on AIDS, Durban, 2000.

T-1249,

Conclusion
as illustrated by drs. eron and hogan,
the development of fusion and entry inhibitors has come a long way in recent
years. There are, in essence, three distinct
classes of fusion and entry inhibitors in
development: CD4-binding inhibitors, coreceptor-binding antagonists, and fusion inhibitors. Continued development and—
thinking optimistically—eventual approval
of these compounds will increase the antiretroviral arsenal to six available classes,
a much needed improvement for patients
at the end of their therapeutic rope.
“We still have some challenges to deal
with,” Dr. Eron offered in his concluding remarks. “The parenteral administration of T20 and T-1249 can be frustrating and there
may be problems with the CCR5 inhibitors,
22

Lalezari J, Wheeler D, Kilby M, et al. Improved carbonate (CO2) formulation of T-20
reduces number of injections required to
administer 100 mg BID dose [Abstract LBP20]. First IAS Conference on HIV Pathogenesis
and Treatment, Buenos Aires, 2001.
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