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The immune systems of individuals with
HIV infection are characterized by an
immunodeficiency reflected in the loss
of CD4+ T cells, coupled with immune
system activation reflected in an
increased T-cell turnover and functional
immunosuppression. In general, the
state of the immune system comprises
the dynamic interactions of the activity
of HIV, the HIV-specific immune re-
sponse, and the regenerative activity of
the immune system. 

Effects of HIV and
Antiretroviral Treatment on
CD4+ T Cells

Characteristics of the immunodeficiency
observed in HIV infection include a
decline in total CD4+ T-cell number, a
preferential loss of CD4+ T cells with a
“naive” phenotype, and a skewing of the
T-cell receptor repertoire. To understand
the effects of infection on CD4+ T-cell
dynamics and characteristics, it is
important to know how the CD4+ T-cell
pool is generated and maintained under
normal conditions. Undifferentiated
stem cells undergo transit through the
thymus, where T-cell receptor genes in
germ-line configuration are rearranged
to form functional genes encoding the
T-cell receptor proteins. After undergo-
ing positive and negative selection, the
cells exit the thymus capable of recog-
nizing self and antigen, with each cell
having a defined antigen specificity
(conferred by expression of an immune
globulin-gene-like rearranged hetero-
dimeric receptor). The CD4+ T cells,

which act to stimulate and coordinate
the activity of immune effector cells,
proliferate in response to processed
antigen presented in association with
class II major histocompatibility com-
plex alloantigens and mitogens. The
cells are considered “naive” until they
encounter their specified antigens, at
which point they become “memory”
cells. Naive cells are characterized by
surface expression of the high-molecu-
lar-weight CD45R isoform CD45RA, and
memory cells are characterized by
expression of the low-molecular-weight
isoform CD45RO. At birth, virtually all
CD4+ cells are in the naive cell pool;
during subsequent increasing exposure
to antigen, clonal expansion of the
memory cells and constriction of the
CD4+ T-cell pool results in an increasing
proportion of memory cells in the total
pool. 

Studies in patients with HIV infection
indicate that progressive reduction of
the total CD4+ cell count is associated
with a disproportionate reduction in the
naive cell compartment (Connors et al,
Nat Med, 1997). Under potent antiretrovi-
ral therapy, HIV-infected patients with
significant numbers of both naive and
memory cells exhibit immediate in-
creases in both compartments. If there

has been severe depletion of the CD4+ T-
cell pool, increases are seen predomi-
nantly in the memory compartment.
Such data suggest that the increase in
total CD4+ cell count observed with
potent therapy reflects peripheral expan-
sion of the cells present prior to therapy.

To study characteristics of T-cell pro-
duction and death, a number of investi-
gators have used DNA-labeling tech-
niques such as bromodeoxyuridine
(BrdU) labeling. In this technique, sub-
jects undergo a 30-minute infusion of
BrdU, which is incorporated into the cel-
lular genomic DNA, and blood or lymph
tissue is then periodically sampled.
Samples are stained for cell surface
markers and BrdU labeling; by use of
flow cytometry, the numbers of cells pro-
duced during the BrdU pulse and their
decay rate following the pulse can be
determined. In one study using this tech-
nique, investigators examined the ratio
of lymph node to blood of labeled CD4+
and CD8+ T cells and B cells at 4 hours,
1 day, and 3 days after BrdU infusion.
Their results indicate that for the popu-
lation of labeled T cells, cell division
immediately after labeling occurs prefer-
entially in the lymph node. After 1 day,
however, labeled cells are equally dis-
tributed between the lymph node and
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At the March 2002 International AIDS
Society–USA course in Atlanta, H.
Clifford Lane, MD, discussed aspects of
the interaction between HIV and the
host immune response. Greater under-
standing of this complex interaction
has aided development of immune-
based therapies and vaccines.
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Figure 1. Comparison of change in CD4+ T-cell production in 1 patient indicated by bro-
modeoxyuridine (BrdU) labeling in blood samples before and 12 weeks after initiation of
potent antiretroviral therapy. Inset shows difference in lymph node sample at 6 hours after
BrdU pulse. Adapted with permission from Kovacs et al, J Exp Med, 2001. 

Dr Lane is Clinical Director of the National
Institute of Allergy and Infectious Diseases
in Bethesda, Md.



the blood. These findings suggest that
monitoring of T-cell characteristics in
the peripheral blood provides a good
reflection of characteristics in the lym-
phoid tissues. Extended monitoring of
the labeled cells shows that the T-cell
pool consists of cells with a rapid
turnover rate, as well as cells with a
slow decay rate. 

This technique was used to assess
CD4+ T-cell production before and after
initiation of potent antiretroviral thera-
py in a group of HIV-infected patients
(Figure 1). BrdU labeling before initia-
tion of treatment and at 12 weeks after
initiation of treatment showed that
CD4+ cell production as measured in
the peripheral blood was decreased by
approximately 75% during antiretroviral
therapy, with results being similar in
blood and lymph node tissue. These
data strongly suggest that there is no
defect in CD4+ T-cell production in HIV
infection. Modeling of the CD4+ and
CD8+ T-cell kinetics indicates the pres-
ence of one pool of cells with rapid
turnover and one with slower turnover.
For the rapidly dividing pool, the size of
the pool was found to be closely corre-
lated with plasma HIV-1 RNA levels. 

There is ongoing debate over
whether the observed CD4+ T-cell count
decline in HIV infection is attributable
to decreased T-cell production or in-
creased T-cell death. The finding that T-
cell production is considerably higher
and correlated with plasma HIV-1 RNA
levels in untreated infection, however,
indicates that the primary mechanism
of depletion is increased T-cell death
(whether through direct cytopathic
effects of HIV or activation-induced
death). The increase in the CD4+ T-cell
pool observed with potent therapy
appears to be due to a decrease in cell
death that more than compensates for
the decreased production during thera-
py. The conclusion that can be drawn is
that HIV infection leads to a state of
immune activation and increased T-cell
production inadequate to compensate
for cell death, and that potent antiretro-
viral therapy immediately reverses the
virus-driven increased T-cell production
and reduces the polyclonal activation
associated with functional immunosup-
pression. This conclusion helps explain
the rapid improvement in opportunistic
illnesses and the immune reactivation

syndromes observed with potent anti-
retroviral therapy. 

This conclusion also provides a
mechanism other than increased thymic
output to account for the increases in T-
cell receptor rearrangement excision cir-
cles (TRECs) with potent antiretroviral
therapy. TRECs are a circularized form of
DNA, created by DNA excision during
the process of T-cell receptor rearrange-
ment in stem cells, that provides an
index of thymic production of T cells.
Since the TREC DNA is retained in only
1 daughter cell with each cell division,
each round of cell divisions dilutes con-
centrations of TREC-containing cells by
50%. Thus, levels of TRECs in the T-cell
pool are dependent on thymic cell out-
put and rate of cell turnover. 

A number of studies assessing T-cell
dynamics using TREC measurements
have shown that TREC levels are
decreased in patients with HIV infection
compared with uninfected controls and
that TREC levels increase with initiation
of potent antiretroviral therapy. Such
data have been interpreted to indicate
that thymic output is a major source of
new cells following antiretroviral thera-
py and that T-cell production increases
with the initiation of therapy. However,
when change in TREC number is
assessed as a function of change in T-
cell turnover using BrdU labeling, a
strong correlation is observed (Figure 2).
These findings suggest that the increase
in TREC number observed after treat-

ment is more likely a reflection of the
decreased cell turnover (and thus
decreased dilution of the TREC pool)
resulting from treatment rather than the
product of increased thymic output. 

Evaluation of Host Immune
Response

Immunologic control of viral infections
is a crucial aspect of the host defense.
Studies of the nature of the immune
response to HIV are important in help-
ing to better understand the pathogene-
sis of HIV infection and in developing
immune-based therapies and vaccines.
Host defense against viral infections uti-
lizes both the innate and the adaptive
elements of the immune system. As evi-
denced by the failure of the immune sys-
tem to rid the host of HIV, the host
responses are inadequate to successful-
ly deal with this pathogen. 

Understanding the host factors re-
sponsible for the control of viral infec-
tion remains an elusive goal. Various
studies have examined the roles of HIV-
specific CD8+ and CD4+ T cells in the
response to HIV infection, but it is still
the case that the best way to measure
the host immune response to HIV infec-
tion is to measure the plasma level of
HIV-1 RNA in the absence of treatment.
This relatively simple technique affords
the ability to examine the net result of
all the various host factors that can con-
trol viral replication. Following primary
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infection, a virologic set-point is reached
that is difficult, if not impossible, to
reduce once established. Studies in
patients stopping potent antiretroviral
therapy who had maintained plasma
HIV-1 RNA levels at less than 50
copies/mL for periods of 1 to 4 years
showed that plasma HIV-1 RNA generally
returned to pretreatment levels with ces-
sation of treatment (Figure 3). Such find-
ings suggest that even prolonged periods
of viral suppression appear to have little
effect on host ability to control viral
replication. 

Although the determinants of the
viral set-point remain unclear, 2 primary
candidates are the size of the initial HIV
reservoir and the number of HIV-specific
T cells. A study by Davey and colleagues
(Proc Natl Acad Sci USA, 1999) showed that
the majority of patients discontinuing
effective potent therapy exhibited dra-
matic viral rebound. Patients who exhib-
ited lower levels of viremia were those in
whom treatment was started soon after
primary infection. This accords well with
data from a study by Rosenberg and col-
leagues (Nature, 2000) suggesting that
very early treatment may alter the viral
set-point. An explanation is that early
treatment shuts down viral replication
before a larger viral reservoir (which
would result in higher replication with
removal of drug treatment) can be estab-
lished. A second factor that may limit the
size of the viral reservoir is host genetic
background. For example, although the

significance of the finding remains
unclear, accumulating data suggest that
a majority of patients who are long-term
nonprogressors with low viral load (<50
HIV-1 RNA copies/mL) off treatment
exhibit the human leukocyte antigen
(HLA)-B57 haplotype (Migueles et al,
Proc Natl Acad Sci USA, 2000). Similarly,
polymorphisms in chemokine receptors
may play an important role (O'Brien et
al, Annu Rev Genet, 2000).

With regard to the role of HIV-specif-
ic CD8+ T cells in determining viral set-
point, there is every reason to believe
that these cells are important to the
control of HIV infection. They have been
shown to be essential for viral control in
a variety of animal model systems, and
have been found to exhibit a range of
effector functions, including cytolytic
activity, when exposed to HIV or HIV
antigens. However, their specific role in
host immune control of HIV infection
remains unclear. CD8+ T cells reactive to
HIV antigens decrease in number during
prolonged effective antiretroviral thera-
py; when therapy is stopped, cell num-
ber rapidly increases without necessari-
ly leading to a spontaneous suppression
of plasma HIV-1 RNA level. These find-
ings suggest that although the increase
in levels of HIV-specific CD8+ T cells in
the peripheral blood on stopping thera-
py is virus-driven, this increase is not
necessarily indicative of a response that
is effective in controlling the virus. Given
what is known about the activity of these

cells, the findings also suggest that it is
unlikely that the number of these cells in
the peripheral blood reflects the total
body activity of the cells. 

Similarly, it is difficult to draw con-
clusions regarding the effects of HIV-
specific CD4+ T cells on viral control on
the basis of currently available data.
Although scientists initially believed
that HIV-specific CD4+ T cells were pref-
erentially depleted in HIV infection,
recent data suggest that at least some
subsets of cells with specificity for HIV
antigens persist in chronic infection—
although the role they may play in viral
control is uncertain. One recent study
(McNeil et al, Proc Natl Acad Sci USA,
2001) has shown that CD4+ T-cell
responses, as measured by the HIV p24
antigen-specific lymphoproliferative
assay, which reflects responses in rela-
tively resting cells, are more likely to be
present in patients on potent antiretro-
viral therapy. Assays that measure p24-
induced interferon-γ reflect more acti-
vated HIV-specific CD4+ T cells (Figure
4). Cessation of therapy results in
increased HIV-1 RNA levels, decreased
lymphoproliferative responses, and
increased interferon-γ-producing res-
ponses. Consideration of both assay
results suggests that HIV-specific CD4+
T cells are present but have shifted from
a predominantly resting to a predomi-
nantly activated state with cessation of
therapy. With resumption of therapy,
lymphoproliferative response increases
and interferon-γ-producing response
decreases somewhat. 

In this and other studies, it is consis-
tently observed that the proliferative
capacity of HIV-specific CD4+ T cells, as
well as that of CD4+ cells with specifici-
ties for non-HIV antigens, is compro-
mised in the setting of high levels of HIV
viremia. However, the clinical signifi-
cance of these findings is unclear—a
point recently underscored by the obser-
vation that despite the successful induc-
tion of CD4+ T-cell responses to p24
antigen by exogenous administration of
HIV antigens in infected patients, there
is no significant change in plasma HIV-1
RNA levels or progression to AIDS-
defining events (Kahn et al, JAMA, 2000). 

One area of research to determine
how host immune response may be
manipulated to complement the suc-
cess of antiretroviral therapy is that of
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immune-based therapies. Studies of the
effects of a 5-day cycle of interleukin-2
treatment in HIV-infected patients using
DNA labeling have shown that treat-
ment increases the percentage of divid-
ing CD4+ T cells and increases the half-
life of the cells (Kovacs et al, J Exp Med,
2001). The potential clinical effects of
the increase in CD4+ T-cell production
and, more importantly, the prolongation
of cell survival with interleukin-2 treat-
ment are being investigated in 2 large
international phase 3 trials (SILCAAT
and ESPRIT). 

Summary

The immune systems of patients with
HIV infection are characterized by poly-
clonal activation and immunodeficiency.
The magnitude of the polyclonal activa-
tion appears to be directly related to the
level of HIV viremia. Potent antiretrovi-
ral therapy leads to immediate improve-
ment in the degree of activation and in
many of the clinical manifestations of
HIV infection. The recovery of T-cell
numbers is a slower process and is like-
ly driven by peripheral expansion rather
than thymic output. Although CD4+ and
CD8+ T cells that respond to HIV anti-
gens can be identified, their precise role
in host defense against HIV remains
unclear. The single best measure to eval-
uate host immune response to HIV

remains the plasma HIV-1 RNA level in
the absence of therapy.

Presented in March 2002. First draft prepared from
transcripts by Matthew Stenger. Reviewed and updated

by Dr Lane in June 2002.

Financial Disclosure: Dr Lane is co-inventor on the
patent for the use of interleukin-2 in HIV infection held

by the US government.
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The World Health Organization (WHO) issued draft guidelines
in April 2002 for the scaling up of antiretroviral therapy in
developing countries. The guidelines, written by an internation-
al group of experts, are intended to lower the technical barriers
to treatment by recommending standardized regimens and sim-
plified monitoring in resource-limited settings. Although appli-
cable to the clinical practices of individual health care practi-
tioners, the authors state that the recommendations are
designed for senior-level policymakers in these settings. 

The document includes guidelines for when to initiate and
switch antiretroviral therapy, regimens for treatment-naive and
treatment-experienced patients, and treatment for pregnant
women and children. Specific recommendations include:

•  For adolescents and adults, antiretroviral therapy should be
initiated based on WHO stage of HIV disease; for those
without clinical AIDS, CD4+ cell count if available or total
lymphocyte count. For children, antiretroviral therapy
should be initiated based on WHO pediatric stage of HIV
disease and, if possible, virologically proven infection (by
HIV polymerase chain reaction, immune complex dissociat-
ed HIV p24 antigen detection, or HIV culture); for those
without clinical AIDS or for whom virologic confirmation is
not possible, CD4+ cell percentage.

• In adolescents and adults, the initial regimen should consist
of a dual nucleoside reverse transcriptase inhibitor (nRTI)
backbone plus 1 additional drug (ie, efavirenz or nevirapine,
abacavir, or a ritonavir-boosted protease inhibitor or nelfi-
navir). Regimens consisting of 2 nRTIs only are not recom-
mended. In children, 2 nRTIs and a nonnucleoside reverse
transcriptase inhibitor or abacavir are recommended
(although efavirenz for children younger than 3 years old is
not recommended). 

• For pregnant women and women with the potential to
become pregnant, zidovudine, lamivudine, nevirapine, nelfi-
navir, or saquinavir/ritonavir are recommended as possible
components of an antiretroviral regimen. 

• Because viral load tests are not usually available in resource-

limited settings, clinical and, where possible, CD4+ cell count
criteria should be used to define treatment failure.

• When treatment failure occurs, all of the drugs in the current
regimen should be switched, ideally to at least 3 new drugs
with at least 1 drug from a new class. This recommendation
recognizes the reality that drug resistance testing is not rou-
tinely available for individualized patient management in
resource-limited settings.

•  Countries that implement antiretroviral therapy programs are
encouraged to consider monitoring for drug resistance on a
population level as therapy is introduced on a broad scale.
This can be done through participation in the recently
announced WHO-International AIDS Society Global HIV Drug
Resistance Monitoring Project. 

• Laboratory tests are prioritized into 4 categories: “absolute
minimum,” “basic recommended,” “desirable,” and
“optional.” The absolute minimum tests are defined as an
HIV antibody test and a hemoglobin or hematocrit level.
CD4+ count is included in the desirable category and viral
load testing in the optional category. The need for low-cost,
widely available laboratory assays for CD4+ cell and viral load
monitoring is emphasized.

The WHO estimates that at least 6 million people in the devel-
oping world currently need antiretroviral therapy, and that
fewer than 5% of those have access to treatment. The organi-
zation proposes that by the end of 2005, 3 million people
should be receiving antiretroviral therapy.

The document, “Scaling Up Antiretroviral Therapy in
Resource-Limited Settings: Guidelines for a Public Health
Approach,” is available online at: 

www.who.int/HIV_AIDS

Copies may also be ordered by e-mail request to hiv-
aids@who.int. For the most recent treatment recommendations
by the International AIDS Society–USA, see the insert in this
issue of Topics in HIV Medicine or visit www.iasusa.org for a link
to JAMA.

World Health Organization Guidelines for Scaling Up Antiretroviral
Therapy in Resource-Limited Settings
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The urgent need for effective anti-HIV
vaccines is most immediately felt when
considering the scope of the HIV pan-
demic in such regions of the world as
Africa, Southeast Asia, and China. Figure
1 shows HIV seroprevalence in South
Africa from 1990 through 1999; in some
areas of sub-Saharan Africa, HIV sero-
prevalence rates currently approach 50%
(Schwartlander et al, Science, 2000).
Figure 2 shows the projected population
structure of Botswana in 2020 as it
reflects the effects of AIDS deaths. Most
HIV infections in the world occur in
areas where antiretroviral therapy is
unavailable or has only recently become
available in some measure. In any case,
antiretroviral therapy does not cure HIV
infection. Population-based methods
for preventing the spread of HIV infec-
tion are needed everywhere in the world.

Objectives in Vaccine
Development

Based on the current understanding of
HIV infection and immune response to
infection, there are a number of poten-
tial immune correlates to be investigat-
ed in vaccine development (Letvin, J Clin
Invest, 2002; Letvin et al, Annu Rev
Immunol, 2002; Mascola and Nabel, Curr
Opin Immunol, 2001). Vaccines may be
used to stimulate antibodies that could
bind virus and to neutralize or stop virus
from infecting target cells, thereby elim-
inating free virus before cellular infec-

tion is established. Vaccines could also
be employed to increase cytolytic T-lym-
phocyte (CTL) responses targeting virus-
infected cells or to stimulate antiviral
factors elaborated by these cells. In the
case of HIV infection, the ability to elicit
or augment immune responses at loca-
tions in addition to the circulation may
be of importance; since HIV enters the
body at mucosal surfaces and replicates
in lymphoid tissue, induction of im-
mune response at these sites may be
necessary as preventive approaches.

There are different levels or types of
protection at which vaccine develop-
ment can be aimed. In sterilizing immu-
nity, infection is never established, and
there is no seroconversion to nonvac-
cine antigens, no detectable HIV in the
host at any time, and no risk of trans-
mission of HIV to others. Although this
is a desired goal, no vaccine against any
human pathogen has ever stimulated
sterilizing immunity. A successful vac-
cine might permit transient infection, in
which there is transient detection of HIV
at mucosal sites or in the blood but no
detectable virus at later time points (eg,
6-12 months) with maintenance of
immune response. HIV seroconversion

might or might not occur, and risk of
transmission of infection might be time-
limited or completely prevented. Vac-
cines might also result in long-term con-
trolled infection, in which virus is unde-
tectable or at very low levels throughout
life and in which there is no harmful
drop in CD4+ cell count and no immu-
nodeficiency disease. Seroconversion in
this case is likely, and risk of transmis-
sion might be prevented or greatly
reduced. Another potential aim of vac-
cine development, albeit a relatively
undesirable one, might be an “altruistic”
vaccine. In this case, the vaccine might
provide no protection from infection or
disease in those vaccinated, but would
reduce viral load in mucosal secretions
such that risk of transmission would be
reduced or eliminated. 

Is Vaccine-Induced Immunity
Against HIV Possible?

There are a number of reasons to be
optimistic about the potential for induc-
ing immunity to HIV. HIV transmission is
relatively inefficient. The primary mode
of transmission worldwide is sexual, and
transmission usually occurs only after
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HIV Vaccine Research: Problems and Progress

At the Chicago International AIDS
Society–USA course in April 2002,
Richard A. Koup, MD, reviewed ongo-
ing efforts to develop prophylactic
anti-HIV vaccines. Among the ap-
proaches he discussed were vaccines
that induce neutralizing antibodies to
HIV and those that employ cytolytic T
lymphocytes.
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Figure 1. HIV seroprevalence in South Africa, 1990-1999. Adapted with permission from
Schwartlander et al, Science, 2000. 

Dr Koup is Chief of the Immunology
Laboratory at the National Institutes of
Health Vaccine Research Center, Bethesda,
Md.
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multiple exposures (Downs and De
Vincenzi, J Acquir Immune Defic Syndr Hum
Retrovirol, 1996; Mastro and Kitayaporn,
AIDS Res Hum Retroviruses, 1998). It is
known that only a small number of viri-
ons establish infection during exposure
(Zhu et al, Science, 1993); the likelihood
that inoculum size is a factor in trans-
mission suggests that reduction of the
inoculum through vaccination might
prevent infection. Transmitted viruses
may have limited structural and geno-
typic features, reducing the genetic vari-
ability that would need to be covered by
an effective vaccine. In addition to these
factors, there are examples of natural
immunity to infection that suggest that
prevention is possible, including highly
exposed individuals who remain unin-
fected and individuals with long-term
nonprogressive infection (Cao et al, N
Engl J Med, 1995; Rowland-Jones et al,
Nat Med, 1995). Individuals with HIV-2
infection do not exhibit rapidly progres-
sive disease, and they may have some
degree of protection against HIV-1 infec-
tion (Travers et al, Science, 1995). Finally,
there is evidence of vaccine-induced
protection in animal models—eg, the
simian immunodeficiency virus (SIV)
macaque model (Amara et al, Science,
2001; Barouch et al, Science, 2000).

Although there is reason for opti-
mism regarding the ability to induce
immunity, there are also substantial bio-
logical challenges facing vaccine devel-
opment (Letvin et al, Annu Rev Immunol,
2002). HIV infection is characterized by
early establishment of cellular integra-
tion and latency; once infection occurs,
latency is very likely and elimination of
the virus is improbable. The virus prefer-
entially infects and depletes key
immune mediators (Douek et al, Nature,
2002), including CD4+ T-helper cells and
antigen-presenting cells. HIV has other
immune evasion strategies: HIV Nef
downregulates major histocompatibility
complex (MHC) class I expression,
potentially interfering with immune
recognition of HIV-infected cells; the
immune response to infection includes
failure to mount a good neutralizing
antibody response; and a wide genetic
variation in the virus population in
established infection enables the virus
to escape host immune responses. 

Inducing Neutralizing Antibody
Response

It is difficult to induce broadly reactive
neutralizing antibodies to HIV by immu-

nization. The HIV envelope glycoprotein
features loop domains with high vari-
ability, which permit the virus to evade
antibody recognition. The envelope is
also heavily glycosylated, with the glyco-
sylation moieties shielding the regions
of the envelope protein gp120 that are
targeted by neutralizing antibodies. The
conformational changes in gp120 during
CD4 binding reveal the viral binding site
for the cellular CCR5 coreceptor;
although this domain of gp120 is a
potential antibody target, access may be
blocked by steric hindrance. The gp120
is also a flexible protein, which makes it
a more difficult target for antibodies
than a rigid protein would be. The con-
formational change that occurs in the
envelope glycoprotein gp41 during bind-
ing reveals additional epitopes that can
serve as antibody targets; monoclonal
antibodies targeting these regions of
gp41 are being developed in the attempt
to prevent fusion of virus with target cell
membrane. HIV exhibits rapid escape
from neutralizing antibodies, and con-
tinual escape from these antibodies is
observed in individuals with chronic HIV
infection. 

Studies with vaccines to induce neu-
tralizing antibodies generally have
shown that the antibody produced in
animals or human subjects exhibits high
neutralization titers against laboratory
(T-cell-line-adapted) HIV but poor titers
against primary HIV isolates from infect-
ed individuals (Mascola et al, J Infect Dis,
1996). For example, investigation in
human subjects of the recombinant
ALVAC vaccine, a vaccinia-like vaccine
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that expresses gp120, showed that all of
the neutralizing antibodies generated in
response to vaccination were type-spe-
cific and that response was of relatively
short duration (Belshe et al, AIDS,
1998). The neutralizing titers were 5 to
10 times lower than sera from individu-
als with long-term nonprogressive HIV
infection, and the antibody did not neu-
tralize primary HIV isolates. 

A number of strategies for improving
neutralizing antibody responses are
being pursued. These include attempts
to improve protein expression in vac-
cines, unmask the neutralizing antibody
epitopes on gp120 by removing the gly-
cosylation sites that shield the neutral-
izing domain or removing the variable
loop domains of the glycoprotein, ex-
press native trimeric forms of gp41 and
gp120, express a rigid (neutralization-
sensitive) form of gp120, and express a
fusion-competent form of the glycopro-
tein.

CTL-Based Vaccines

Among the advantages of a CTL-based
vaccine approach is the fact that CTLs
recognize HIV-infected cells. Although
antibodies would be expected to have
their primary effect on free virus, they
may also be used to target productively
infected cells and promote elimination
of these cells through activity of com-
plement or targeting by other natural
killer cells. If latently infected cells
express some viral protein, it is also
possible that this approach could have
an effect on the latent HIV reservoir.
Overall, targeting of HIV using a CTL-
based approach may be more efficient
than with antibodies, since CTLs recog-
nize multiple linear epitopes. 

The reliance of the CTL-based vac-
cine approach on recognition of HIV-
infected cells, however, may also consti-
tute a disadvantage, since the antiviral
effect would only occur after cellular
infection had taken place. Other poten-
tial disadvantages include the require-
ment that active memory cells be pre-
sent in sufficient amounts, the potential
downmodulation of MHC by HIV that
can enable infected cells to escape
detection, and the fact that access to
infection sites is more limited for CTLs
than for antibodies. 

Evidence that CTLs are important for
control of HIV and SIV includes a nega-
tive correlation between CTL numbers
and viral load (Ogg et al, Science, 1998),
an increase in SIV viremia observed with
CD8+ cell depletion in the SIV-infected
macaque model (Jin et al, J Exp Med,
1999; Schmitz et al, Science, 1999), and an
association between the appearance of
CTL activity and a decline in HIV viremia
in acute infection (Borrow et al, J Virol,
1994; Koup et al, J Virol, 1994). Studies in
HIV-infected individuals have shown
that 2% to 20% of total CD8+ cells are
specific for HIV antigens, suggesting a
strong CTL response (Betts et al, J Virol,
2001). 

Status of Vaccine Development

Traditional approaches to viral vaccine
development have consisted of using
live, attenuated virus or whole, killed
virus. There are safety concerns with the
former approach for HIV vaccines in that
the live, attenuated forms of HIV or SIV
that have been tested appear to be

pathogenic (Baba et al, Nat Med, 1999;
Greenough et al, N Engl J Med, 1999).
There are also safety concerns with the
use of whole, killed virus, in addition to
concerns regarding the potential lack of
adequate production of CTL using this
approach. Most HIV vaccines currently
in development are the products of
recombinant DNA technology. In this
approach, DNA encoding 1 or more viral
proteins can be used to transfect cells in
the laboratory to produce antigen that
can be used as a vaccine. The DNA can
also be delivered as a vaccine through a
viral vector, such as vaccinia virus or
adenovirus, with the antigens thus being
expressed in vivo. The DNA can also be
directly injected (ie, the "naked" DNA
approach) to stimulate in vivo antigen
production. 

Selected vaccine strategies that are
currently being tested in clinical trials
are shown in Table 1. A gp120 envelope
subunit vaccine is currently in phase 3
evaluation. A canarypox-vector vaccine
is in phase 2 testing. Vaccines using
adenovirus-vector, DNA, vaccinia-vector,
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Table 1. Vaccine Strategies Tested in Clinical Trials

Vaccine Antigens HIV-1 Strain Adjuvant, Route of 
of Origin Conjugate, or Delivery

Delivery System

V3 loop of gp120 Numerous Alum, microspheres, Intramusclar, oral
incomplete Freund’s
adjuvant

gp120 MN, SF-2 Alum, others Intramuscular
GNE8, A244

gp160 LAI, MN Alum, 
alum plus deoxycholate Intramuscular

Env LAI, MN Vaccinia, canarypox, Intramuscular,
Env, Gag Salmonella, granulocyte intrarectal,
Env, Gag, Pol macrophage colony- intravaginal,
Env, Gag, Pol, Nef stimulating factor, intranasal, oral, 

adenovirus intradermal, 
combined

Env, Rev LAI, MN, DNA Intramuscular
Gag, Pol polyepitope

gp160, p24 MN Virus-like particle Intramuscular

p24 LAI Self-assembling Intramuscular,
particle intrarectal,

combined

Gag (p24) MN Lipid conjugate Intramuscular



International AIDS Society–USA Topics in HIV Medicine

12

and peptide approaches are in phase 1
or phase 1/2 evaluation. The final results
of the phase 3 trial of the gp120 subunit
vaccine are due in the fall of 2002;
expectations are not high that the vac-
cine will prove to be protective, particu-
larly since the gp120 used in the vaccine
is monomeric and the vaccine does not
appear to be effective in inducing neu-
tralizing antibodies. A canarypox-vector
vaccine was assessed by the Human
Vaccine Trials Network of the National
Institutes of Health (NIH) and did not
produce levels of immunogenicity
deemed adequate to warrant going for-
ward with phase 3 trials; nevertheless,
this vaccine is being examined in the
phase 3 setting by the US Army (Cohen,
Science, 2002). A modified-vaccinia-
Ankara-based vaccine strain is currently
being examined in both phase 1 and
phase 2 studies. 

A vaccine in which Gag-DNA admin-
istration is followed by an adenovirus
boost has produced intriguing results in
animal studies. The aim of this vaccine
is to induce pure cellular immunity
rather than to induce neutralizing anti-
body response; although the vaccine
currently being tested expresses Gag
protein, it could be modified to contain

other or additional HIV proteins. The
DNA/adenovirus approach is promising
because it has stimulated the strongest
and most cross-reactive T-cell immunity
(in nonhuman primates and human vol-
unteers) of any vaccine approach tried
to date (Emini, Keystone Symposium,
2002). Testing in monkeys has shown a
strong CTL response (Shiver et al,
Nature, 2002). In human studies, strong

CTL responses with cross-HIV clade
recognition have also been stimulated,
and it appears that preexisting immuni-
ty to the adenovirus vector can be over-
come by increasing the dose of aden-
ovirus in the vaccine (Emini, Keystone
Symposium, 2002). The vaccine was
found to be partially protective against
challenge with simian-human immu-
nodeficiency virus. The NIH Vaccine
Research Center is also pursuing a strat-
egy of DNA followed by adenovirus. The
vaccine currently being tested uses a
construct of clade-B HIV Gag and Pol. In
a dose-escalation trial examining the
safety and immunogenicity of this vac-
cine, 3 groups of 7 patients each are to
receive 3 doses of 0.5, 1.5, or 4.0 mg via
a needle-free injection system, with 2
patients receiving placebo at each dose
level. Future Vaccine Research Center
initiatives are to involve additional viral
antigens (eg, Gag, Pol, Nef, and Env),
envelope modifications, and antigens
from clade A, B, and C viruses; use of a
prime/boost method for the adenovirus
vector; and use of cytokine adjuvants to
increase T-cell memory. 

Presented in April 2002. First draft prepared from tran-
scripts by Matthew Stenger. Reviewed and updated by Dr
Koup in July 2002.
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Currently, 16 antiretroviral drugs are
approved for treatment of HIV infection.
However, even the best currently avail-
able regimens pose challenges with
regard to adherence, toxicity, antiviral
activity, and resistance. New drug devel-
opment thus confronts the need for
improved convenience and tolerability,
reduced toxicity, and improved activity
against both wild-type and drug-resis-
tant viruses. Other goals of drug devel-
opment include improved drug penetra-
tion into viral reservoirs (eg, genital tract
and central nervous system) and
exploitation of additional viral targets
with the aims of achieving additive or
synergistic effects with drugs from exist-
ing classes, reducing or preventing viral
resistance, and improving treatment
options in cases of drug resistance. 

Newly available or investigational
formulations or doses of existing nucle-
oside reverse transcriptase inhibitors
(nRTIs), nonnucleoside reverse tran-
scriptase inhibitors (NNRTIs), and pro-
tease inhibitors (PIs) are shown in Table
1. Selected investigational drugs in
existing and new drug classes are shown
in Table 2; select drugs from this listing
are discussed herein. Figures 1 and 2
show the HIV-1 life cycle and the stages
of the life cycle targeted by available
drug classes and by drugs from newer
and investigational classes such as entry
inhibitors and integrase inhibitors.

HIV Nucleoside Reverse
Transcriptase Inhibitors

Amdoxovir

Amdoxovir (DAPD) is an investigational
guanine analogue active in vitro against
both HIV and hepatitis B virus.
Pharmacokinetic data support twice-
daily dosing of the compound.
Amdoxovir is active in vitro against
zidovudine-resistant and lamivudine-
resistant virus and some multidrug-
resistant strains with the reverse tran-
scriptase codon 69 insertion. The
reverse transcriptase mutations K65R
and L74V reduce susceptibility to the
compound in vitro. The K103N mutation
associated with efavirenz resistance may
be associated with hypersensitivity to
amdoxovir. In animal toxicity studies,
the compound produced an obstructive
nephropathy, caused by crystallization
of the compound in the renal tubules,
that led to hyperglycemia and cataracts
in some animals. 

In an initial study in 24 patients who
had received prior zidovudine or stavu-
dine and prior lamivudine, amdoxovir
was given at 200 mg, 300 mg, or 500 mg
twice daily after drug washout or at 500
mg twice daily in addition to the
patients' current regimen (Raffi et al, 5th
Int Cong Drug Ther HIV Infect, 2000). In
patients undergoing drug washout,
amdoxovir 500 mg twice daily reduced
plasma HIV-1 RNA level by a median of
1 log10 copies/mL at 15 days, with small-
er reductions observed at lower doses.
The addition (without washout) of
amdoxovir to background treatment
produced a median 2-log10 decrease in
plasma HIV-1 RNA level, although the
reason for this greater decrease is not
clear. Mycophenolic acid inhibits ino-
sine 5’-monophosphate dehydrogenase
and thereby depletes intracellular dGTP
levels, thus enhancing the in vitro antivi-
ral activity of guanosine nucleoside ana-
logues such as abacavir and amdoxovir

(Margolis et al, J Acquir Immune Defic
Syndr Hum Retrovirol, 1999; Ying et al,
Antiviral Res, 2000). Phase 2 studies of
amdoxovir, both with and without
mycophenolic acid, are in progress.

HIV Nonnucleoside Reverse
Transcriptase Inhibitors

BMS 56,1390 (DPC-083)

A number of NNRTIs that are structural-
ly related to efavirenz have been devel-
oped, and the leading clinical candidate
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Table 1. New Formulations and
Dosing Strategies of Existing
Antiretroviral Drugs

HIV Nucleoside Reverse Transcriptase
Inhibitors

• zidovudine bid dosing*; controlled-
release formulation qd

• didanosine enteric-coated capsule qd*
• zalcitabine bid
• stavudine extended release 100 mg qd
• lamivudine qd*
• lamivudine/zidovudine fixed-dose 

combination*
• lamivudine/zidovudine/abacavir fixed-

dose combination*

• lamivudine/abacavir fixed-dose
combination

HIV Nonnucleoside Reverse
Transcriptase Inhibitors

• delavirdine 200-mg tablet*
• efavirenz 600-mg capsule*

HIV Protease Inhibitors

• saquinavir soft-gel formulation*; 
800-mg hard-gel capsule 

• nelfinavir bid dosing*; 625-mg tablet

• ritonavir enhancement of saquinavir, 
indinavir, or amprenavir*

• lopinavir/ritonavir coformulation*

• GW433908 (amprenavir prodrug VX-175)

* Currently approved by the US Food and 
Drug Administration.
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is BMS 56,1390 (formerly DPC-083). This
compound exhibits good oral bioavail-
ability and has a half-life of greater than
90 hours, supporting once-daily and per-
haps less frequent dosing. The com-
pound undergoes metabolism via the
cytochrome P450 (CYP) 3A4 and 2B6
hepatic isoenzyme systems. Compared
with efavirenz, BMS 56,1390 exhibits 3-
fold greater activity in vitro against
K103N mutants and some double
mutants. Resistance in vitro appears to
require the presence of more than 1
reverse transcriptase mutation. The
compound currently is in phase 2 and 3
evaluation. 

In a recently reported study, 134
treatment-naive patients with an aver-
age plasma HIV-1 RNA level of 33,000
copies/mL and CD4+ cell count of
402/µL received fixed-dose lamivudine/
zidovudine at the standard dose plus
efavirenz 600 mg or BMS 56,1390 at 50-
mg, 100-mg, or 200-mg once-daily
doses. In an intent-to-treat analysis,
60% to 70% of patients in the 4 arms had
plasma HIV-1 RNA level reduced to less
than 50 copies/mL at 16 weeks (Ruiz et
al, Abstract 7, 9th CROI, 2002). 

In another study, 75 NNRTI-experi-
enced/PI-naive patients in whom current
therapy was failing received 2 nRTIs
selected on the basis of genotypic anal-
ysis and BMS 56,1390 at 100 mg or 200
mg once daily (Ruiz et al, Abstract 6, 9th
CROI, 2002). At baseline, patients had
an average plasma HIV-1 RNA level of
6900 copies/mL and a CD4+ cell count of
518/µL; 61% had received prior nevirap-
ine and 39% had received prior efavirenz.
A total of 31% of patients discontinued
study treatment early. In most cases,
discontinuation was due to violation of
study protocol by prior receipt of PI
treatment. Approximately 40% to 50% of
all patients had a plasma HIV-1 RNA
level less than 400 copies/mL at 16
weeks in an intent-to-treat analysis.
Unexpectedly, adverse effects were more
common in patients receiving the 100-
mg dose of BMS 56,1390 than in those
receiving the 200-mg dose. Rash was
observed in the 100-mg group but not in
the 200-mg group; other adverse effects
included headache and somnolence. No
decision regarding the dose of the com-
pound to be employed in subsequent
clinical evaluation could be made on the
basis of this study. 

TMC 125

TMC 125 is an investigational NNRTI
that exhibits antiretroviral activity in
vitro against a high proportion of clini-
cal HIV isolates with resistance to nevi-
rapine, delavirdine, or efavirenz. In a
study in treatment-naive, HIV-infected
patients with an average baseline HIV-1
RNA level of 58,000 copies/mL and
CD4+ count of 650 cells/µL, TMC 125 900
mg twice daily given as monotherapy
produced a 2-log10 reduction in plasma
HIV-1 RNA level in 12 patients at 7 days,
compared with no change in 7 placebo
recipients (Gruzdev et al, 41st ICAAC,
2001). In a study in 16 NNRTI-experi-
enced patients (prior nevirapine in 81%
and prior efavirenz in 19%) with an aver-
age plasma HIV-1 RNA level of 16,000
copies/mL and a CD4+ cell count of
464/µL, TMC 125 900 mg twice daily
reduced mean plasma HIV-1 RNA level
by nearly 1 log10 from the baseline value

(Gazzard et al, 9th CROI, 2002). Further
studies are in progress. The blunted
antiretroviral response in NNRTI-experi-
enced subjects compared with NNRTI-
naive subjects in these pilot studies
suggests that some degree of resistance
is conferred by NNRTI-associated muta-
tions. This concern supports the early
discontinuation of currently available
NNRTI-based regimens after confirmed
virologic failure, in order to avoid the
accumulation of additional NNRTI-asso-
ciated mutations that may compromise
the activity of investigational NNRTIs,
including TMC 125. 

HIV Protease Inhibitors

Atazanavir

Atazanavir is an azapeptide PI in devel-
opment. It exhibits a 90% inhibitory con-
centration (IC90) for HIV in vitro of 60 to
80 nM (adjusted for protein binding).
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Table 2. Selected Investigational Antiretroviral Drugs

HIV nRTIs

• ACH-126,443 (L-Fd4C)
• alovudine (FLT, MIV-310)
• amdoxovir (DAPD)
• D-FDOC
• DPC 817 (D-d4FC)
• emtricitabine (FTC)
• SPD 754
• SPD 756 (BCH-13520)

HIV NNRTIs

• BMS 56,1390 (formerly DPC-083)
• calanolide A
• capravirine (Ag-1549)
• HBY 1293
• MIV-150
• SJ-3366
• TMC 125

HIV Protease Inhibitors

• atazanavir (BMS 232632)
• mozenavir (DMP-450)
• tipranavir 
• TMC 114

HIV ntRTIs

• GS 7340

HIV Entry Inhibitors

• CD4 attachment inhibitors
— BMS-806
— PRO 542

• Coreceptor inhibitors
— CXCR4 inhibitors 

– AMD-3100*
– AMD-070

— CCR5 inhibitors
– PRO 140
– SCH-C (SC-351125) 
– SCH-D
– UK-427,857

• Fusion inhibitors
— enfuvirtide (T-20)
— T-1249

HIV Integrase Inhibitors

• L-870810
• S-1360

Other

• PA-344b (double-stranded DNA 
production inhibitor)

• PA-457 (maturation/budding inhibitor)

NNRTIs indicates nonnucleoside reverse transcriptase inhibtors; nRTIs, nucleoside reverse
transcriptase inhibitors; ntRTIs, nucleotide reverse transcriptase inhibitors. *Clinical develop-
ment discontinued.
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Pharmacokinetic data support once-
daily dosing, which would make the
compound unique among currently
approved PIs without ritonavir boosting;
the proposed dose is two 200-mg pills
with food once daily. The drug is metab-
olized by the CYP 3A4 hepatic enzyme
system. Adverse effects include an indi-
rect hyperbilirubinemia, similar to that
observed with indinavir. Minimal or no
lipid changes have been observed with
administration of the drug in clinical
studies. 

Atazanavir is in phase 3 testing. It is
also currently available through an
expanded-access program for patients
with CD4+ cell count less than 300/µL
and plasma HIV-1 RNA level greater
than 5000 copies/mL, or with any viral
load if triglyceride or total cholesterol
levels are greater than 750 mg/dL and
the patient is not responding to lipid-
lowering therapy. Information about the
expanded access program is available by
calling 1-877-726-7327.

In a phase 3 study in 467 treatment-
naive patients with a plasma HIV-1 RNA
level greater than 2000 copies/mL and a
CD4+ cell count greater than 75/µL,
stavudine/lamivudine was given with

atazanavir at a daily dose of 400 mg
(n=181) or 600 mg (n=195) or nelfinavir
1250 mg twice daily (n=91; Sanne et al,
41st ICAAC, 2001). In an intent-to-treat
analysis, approximately 65% had a plas-
ma HIV-1 RNA level less than 400
copies/mL and approximately 40% of
patients in each arm had a level less
than 50 copies/mL at 48 weeks. Overall,
virologic response rates in both arms of
this study were somewhat lower than
other phase 3 studies of PIs, including
nelfinavir, for unclear reasons. There was
a significant difference in the change in
total cholesterol levels between the
groups, with an approximate 25% in-
crease from baseline observed in the
nelfinavir group compared with a 5%
increase in the atazanavir groups by
week 48. 

In another study in patients failing
current therapy, 85% of whom had
received prior PI treatment, 85 patients
with a plasma HIV-1 RNA level of 2000 to
100,000 copies/mL and a CD4+ cell
count greater than 100/µL received
atazanavir 400 mg or 600 mg plus
saquinavir 1200 mg once daily, or riton-
avir 400 mg plus saquinavir 400 mg twice
daily. Of note, saquinavir and atazanavir

exhibit a pharmacokinetic interaction
that increases blood levels of both
drugs. Analysis of observed data in a
total of 51 patients at 48 weeks showed
that all 3 treatment regimens were asso-
ciated with median reductions in viral
load of approximately 1.2 to 1.6 log10

(Haas et al, 9th CROI, 2002). 
Recent data suggest atazanavir may

have a unique initial resistance profile
among the PIs. In a substudy of 76 sub-
jects from phase 3 studies treated with
atazanavir-based regimens who experi-
enced virologic failure, 17 subjects dis-
played reduced susceptibility (5- to 141-
fold) to atazanavir, and resistance pat-
terns depended on prior PI experience
(Colonno et al, Antivir Ther, 2002). Of 9
treatment-naive subjects who experi-
enced virologic failure on atazanavir, 8
had a unique substitution at protease
I50L, and this substitution actually
appeared to increase susceptibility in
vitro to many of the currently available
PIs. In contrast, the 8 PI-experienced
patients lacked the I50L substitution
and demonstrated a loss of susceptibili-
ty to both atazanavir and the other PIs.
Further resistance studies are in
progress.
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Figure 1. The life cycle of HIV-1. At left, the virion is shown attaching to the CD4 receptor and chemokine coreceptor and subsequently enter-
ing the host CD4 cell. Inside the cell, transcription of HIV RNA to HIV DNA is catalyzed by the HIV reverse transcriptase enzyme. The HIV DNA
then forms a double-stranded DNA (dsDNA) complex, enters the host cell nucleus and integrates with the host genetic material via the HIV
integrase enzyme. Upon activation, the viral DNA is transcribed into viral messenger RNA (mRNA) that in turn is translated into viral precur-
sor proteins. The new HIV RNA and viral precursor proteins are assembled and the virus buds and is released from the cell surface. After bud-
ding, viral precursor proteins undergo processing by the HIV protease enzyme and form a mature, infectious viral particle. 
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Tipranavir

Tipranavir is a nonpeptidic investiga-
tional PI with a 90% effective concentra-
tion (EC90) of 0.5 to 1.0 µM for HIV in
vitro. It is active in vitro against a large
majority of clinical HIV isolates resistant
to indinavir, ritonavir, nelfinavir, and
saquinavir. Coadministration with riton-
avir increases trough tipranavir concen-
trations by 7- to 40-fold, allowing the
compound to be dosed twice daily, and
absorption is increased if the drug is
taken with a high-fat meal. The com-
pound has been developed with a new
self-emulsifying drug delivery system
(SEDDS). It is metabolized via the CYP
3A4 hepatic enzyme system. Tipranavir
currently is in phase 1/2 testing. 

Tipranavir was evaluated in a pilot
study in patients in whom treatment
with 1 PI had failed. Enrollment criteria
were baseline plasma HIV-1 RNA level
greater than 1000 copies/mL and any
CD4+ cell count. Sixty-two patients
received one of 2 regimens: 2 new nRTIs
with either tipranavir 500 mg or 1250 mg
twice daily plus ritonavir 100 mg twice
daily, or saquinavir (soft gel capsule) 400
mg plus ritonavir 400 mg twice daily.
Intent-to-treat analysis showed that
approximately 60% of patients receiving
tipranavir regimens and approximately

50% of those receiving the saquinavir
regimen had a greater than 1-log10

decrease in plasma HIV-1 RNA level at
16 weeks (Slater et al, 41st ICAAC, 2001).
The effectiveness of tipranavir in PI-
experienced patients requires further
evaluation.

TMC 114

TMC 114 demonstrates in vitro activity
against a majority of clinical HIV iso-
lates with resistance to saquinavir, indi-
navir, ritonavir, nelfinavir, and ampre-
navir. The first study of this investiga-
tional PI in healthy volunteers has been
reported and studies in HIV-infected
patients are under way.

HIV Entry Inhibitors
HIV enters target (CD4) cells by initially
binding to the CD4 receptor (Figure 1).
Interaction with the CD4 receptor in-
duces a conformational change in the
HIV gp120 that allows binding to a sec-
ond receptor, the chemokine coreceptor
(CCR5 and/or CXCR4). This induces
another conformational change in the
HIV gp41 protein, bringing the viral and
cell surfaces into contact. Fusion of the
viral and cell membranes completes
viral entry. Candidate drugs for blocking
HIV entry thus include CD4 attachment

inhibitors, chemokine coreceptor  inhib-
itors, and fusion inhibitors (Figure 2).

SCH-C

SCH-C (SC-351125) is a small-molecule
binder of the CCR5 chemokine corecep-
tor with in vitro activity against HIV
strains using the CCR5 coreceptor (IC90

~20 nM) and against hybrid strains
using both the CXCR4 and CCR5 core-
ceptors. Although there is a theoretical
concern that a CCR5 inhibitor could pro-
mote a switch to the CXCR4 coreceptor
(present with more virulent X4 viral
strains), in mouse studies, emergence of
resistance to SCH-C did not result in
coreceptor switch (Moore, 1st IAS Conf
on HIV Pathog and Treat, 2001). SCH-C
is orally bioavailable, and pharmacoki-
netic data indicate a half-life of 4 to 6
hours, supporting twice-daily dosing.
The mechanisms of metabolism of the
drug have not been fully defined, but
they do not appear to involve cyto-
chrome P450 hepatic metabolism. In a
phase 1 dose-escalation study in
healthy volunteers given single doses of
SCH-C, a prolongation (>50 msec) of the
QTc interval was observed in 1 subject at
the highest dose tested, 600 mg. In a
phase 1 study in 28 HIV-infected
patients, treatment with SCH-C 25 mg

Perspective - Antiretroviral Drugs in Development Volume 10 Issue 4 September/October 2002  

HIV Entry
Inhibitors

ENTRY

Budding

REVERSE
TRANSCRIPTION

Translation

Assembly

VIRAL PROTEIN
PROCESSING

Virion
Viral RNA

Viral RNA

Viral DNA

Viral dsDNA 
Preintegration 
Complex

Viral RNA

CD4 Receptor

Chemokine
Coreceptor

Activation

INTEGRATION

Viral mRNA
X

HIV Reverse
Transcriptase
Inhibitors

HIV Protease 
Inhibitors

HIV 
Integrase
Inhibitors

X
X

X

X
Viral 
Precursor
Proteins

X
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cates double-stranded DNA; mRNA, messenger RNA.
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twice daily produced a 0.5- to 0.7-log10

decrease and treatment with 50 mg
twice daily produced a 1.0-log10 decrease
from baseline plasma HIV-1 RNA levels
at 10 days (Baroudy, 14th Int AIDS Conf,
2002). With proof of concept that a
chemokine receptor inhibitor demon-
strates antiretroviral activity in clinical
studies, further dose-escalation studies
are anticipated. A related compound,
SCH-D, is also under investigation.

Enfuvirtide 

Enfuvirtide (T-20) is a peptide fusion in-
hibitor that is given subcutaneously at a
proposed dose of 90 mg twice daily.
Adverse effects are primarily injection
site reactions. Resistance mutations to
enfuvirtide have been observed in vitro
and in vivo and appear to involve muta-
tions in gp41. 

In a phase 1 study (Kilby et al, Nat
Med, 1998) in which 16 patients received
4 different intravenous doses for 14
days, a 2-log10 decrease in plasma HIV-1
RNA level was observed at the highest
dose. Activity of the subcutaneous for-
mulation has been demonstrated in
both phase 2 and 3 studies, and the
drug is now available under an expand-
ed-access program. 

In 2 recently presented phase 3 stud-
ies, the use of enfuvirtide led to
improved virologic suppression when
added to an optimized antiretroviral
regimen in treatment-experienced sub-
jects (Henry et al, 14th Int AIDS Conf,
2002; Clotet et al, 14th Int AIDS Conf,
2002). In the TORO (T-20 vs optimized
regimen only)-1 study, HIV-infected
patients with at least 6 months of prior
treatment experience with all 3 classes
of available antiretroviral drugs and an
HIV-1 RNA level of greater than 5000
copies/mL underwent both genotypic
and phenotypic resistance testing and
selected a new antiretroviral regimen.
They were then randomized 2:1 to add
enfuvirtide to the regimen (90 mg sub-
cutaneously twice daily) or not. A total
of 491 subjects were randomized with a
baseline HIV-1 RNA level of 159,000
copies/mL and CD4+ count of 80
cells/µL. The subjects had taken an aver-
age of 12 prior antiretroviral drugs and
80% had demonstrated 5 or more prima-
ry resistance mutations to all 3 anti-
retroviral drug classes. At 24 weeks, an

intent-to-treat, last-observation-carried-
forward analysis demonstrated a highly
significant mean change from baseline
plasma HIV-1 RNA of −1.7 log10

copies/mL (enfuvirtide plus optimized
regimen group) versus −0.8 log10 copies/
mL (optimized regimen only group). The
TORO-2 study of 504 patients demon-
strated similar results. In both studies,
the most common adverse experience
was injection site reactions, but drug
discontinuation for that reason was
uncommon.

T-1249

T-1249 is structurally similar to enfuvir-
tide and was constructed by combining
gp41 sequences from HIV-1, HIV-2, and
simian immunodeficiency virus. The
drug is also administered subcuta-
neously. T-1249 is 2 to 100 times more
active against HIV in vitro than enfuvir-
tide and retains significant activity
against enfuvirtide-resistant strains
(Greenberg et al, Antivir Ther, 2002).
Because enfuvirtide-associated resis-
tance substitutions may confer some
degree of cross-resistance to T-1249,
consideration should be given to early
discontinuation of enfuvirtide-contain-
ing regimens after virologic failure
develops, to avoid the accumulation of
additional substitutions. The investiga-
tional drug is currently in phase 1/2 eval-
uation. 

In a phase 1/2 dose-escalation study,
the area under the drug concentration-
time curve and the minimum blood con-
centration were dose-proportional with
once-daily dosing for 14 days. After a 4-
week washout period, 63 patients
received T-1249 6.25 mg, 12.5 mg, or 25
mg once or twice daily for 14 days. Sixty-
two patients were antiretroviral-experi-
enced, with prior exposure to an average
of 10 drugs. At day 14, reductions in
plasma HIV-1 RNA level were approxi-
mately 1.3 log10 in the 25 mg twice-daily
group, and 0.7 log10 in the 25 mg once-
daily group (Eron et al, 8th CROI, 2001).
Data from additional studies of the drug
should be available in the near future. 

HIV Integrase Inhibitors

In addition to the HIV reverse transcrip-
tase and protease enzymes, the third
viral-specific enzyme is HIV integrase.

This enzyme promotes 3 specific steps
of HIV integration: (1) binding to the
viral DNA complex; (2) processing of
viral DNA; and (3) DNA strand transfer
whereby viral DNA is inserted into host
cell DNA (Figure 1). As a unique viral-
specific enzyme, it is an attractive target
for antiretroviral drug development
(Figure 2).

S-1360

S-1360, a small-molecule HIV integrase
inhibitor, is the first of the HIV integrase
inhibitors to reach clinical testing. S-
1360 has an EC50 value of 0.025 to 0.074
µg/mL for HIV in vitro before protein
binding. Pharmacokinetic data suggest
that the drug can be dosed orally 2 or 3
times daily; it is greater than 99% pro-
tein bound and is not metabolized via
the CYP 3A4 system. Emergence of resis-
tance in vitro has been associated with
novel mutations in the HIV integrase
active site. Administration in healthy
volunteers has produced few adverse
effects. S-1360 is currently being evalu-
ated in phase 1 studies in treatment-
experienced HIV-infected patients with
CD4+ cell counts greater than 100/µL
(Yoshinaga et al, 9th CROI, 2002).

L-870812 and L-870810

In vitro, diketoacids demonstrated
potent anti-HIV integrase activity as
strand transfer inhibitors, but these neg-
atively charged compounds were not
clinical candidates. Modification of
these compounds led to the identifica-
tion of a series of compounds with
improved antiretroviral potency and
pharmacokinetic characteristics, in-
cluding good oral bioavailability. In
monkeys, L-870812 was administered
orally as a single agent and demonstrat-
ed virologic suppression of 1 to 3 log10

copies/mL and preserved CD4+ cell
counts for a 75-day period (Hazuda et al,
Antivir Ther, 2002). A related compound,
L-870810, currently is under investiga-
tion in healthy volunteers, and studies
in HIV-infected subjects are anticipated.

Conclusion

New antiretroviral drugs are needed to
improve convenience, tolerability, safe-
ty, and antiviral activity of antiretroviral

International AIDS Society–USA Topics in HIV Medicine
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therapy. Promising agents are in devel-
opment in existing classes (ie, reverse
transcriptase and protease inhibitors)
and in new classes (eg, HIV entry and
HIV integrase inhibitors). Additional
steps in the viral life cycle, including
viral uncoating and viral assembly, and
other enzymes, such as RNAase H, can
and should be targeted in future drug
development. Additional approaches
using immune therapies such as inter-
leukin-2 and therapeutic HIV vaccines
may complement the use of current and
future antiretroviral agents. Further
basic and clinical research aimed at
identifying and developing promising
antiretroviral agents is needed. 
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About the Conference

The Ryan White CARE Act 2002 All Grantee Conference was
held August 20 through 23, 2002, in Washington, DC. The
Clinical Pathway, a 2-day series of lectures convened as part of
the All Grantee Conference, was held August 20 and 21. The
Clinical Pathway was supported by and conducted in collabo-
ration with the HIV/AIDS Bureau of the Health Resources and
Services Administration of the US Department of Health and
Human Services and was sponsored by the International AIDS
Society–USA.   

Co-chaired by Laura W. Cheever, MD, and Michael S. Saag,
MD, Clinical Pathway focuses on current clinical issues in HIV
management. It is designed for physicians, physician assis-
tants, and nurse practitioners who provide services in Ryan
White CARE Act programs and are involved in direct HIV
patient care.

About the Webcast

A Webcast of Clinical Pathway lectures is available on the
IAS–USA Web site at:

www.iasusa.org

Minimum workstation requirements include Microsoft
Windows 98 operating system, Internet Explorer 5.0, and
Media Player. Lectures may be viewed using PCs and are not
accessible by Macs.

Lectures and Speakers

Current Issues in Antiretroviral Therapy, Including HIV
Pathogenesis and Clinical Challenges
Michael S. Saag, MD
The University of Alabama at Birmingham

Current Strategies for Defining and Managing
Antiretroviral Failure 
Roy M. Gulick, MD, MPH
Weill Medical College of Cornell University

Clinical Use of Resistance Testing
Daniel R. Kuritzkes, MD
Harvard Medical School

Making Sense of HIV Immunity
Paul A. Goepfert, MD 
The University of Alabama at Birmingham

Global Epidemiology of HIV/AIDS
Thomas C. Quinn, MD
The Johns Hopkins University

The Diagnosis and Management of Hepatitis B and C
Virus Infections in the HIV-Infected Patient
Raymond T. Chung, MD
Harvard Medical School

The Changing Nature of the Prevention and
Management of HIV-Related Opportunistic Infections
Henry Masur, MD
National Institutes of Health

Reproduction and Women’s Health Issues
Erika Z. Aaron, CRNP
MCP Hahnemann School of Medicine

Substance Abuse in the HIV-Infected Population
Henry Francis, MD
National Institute on Drug Abuse

Common Medical Illnesses Associated With HIV
Disease: Osteonecrosis, Osteopenia/Osteoporosis, 
and Hypertension
Meg D. Newman, MD
University of California San Francisco

Metabolic Complications: Insulin Resistance, Diabetes,
and Fat Distribution 
Constance A. Benson, MD   
University of Colorado Health Sciences Center

Metabolic Complications: Lipid Abnormalities and
Cardiovascular Disease Risk 
Colleen M. Hadigan, MD, MPH
Harvard Medical School

Overcoming Depression in HIV
Andrew F. Angelino, MD
The Johns Hopkins University

Clinical Pathway Webcast:
Lectures From the Ryan White CARE
Act 2002 All Grantee Conference
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The International AIDS Society–USA pub-
lishes Topics in HIV Medicine as a resource for
physicians and other health care practi-
tioners who are actively involved in HIV
and AIDS care. The publication is distribut-
ed to approximately 12,000 national and
international subscribers. 

The following guidelines describe the
types of articles and contributions pub-
lished in the journal, outline its policies,
and provide instructions for authors. For
further information, contact Topics in HIV
Medicine at topics@iasusa.org.

Perspectives. Perspectives articles are
summaries of selected talks given at
International AIDS Society–USA continu-
ing medical education courses. An Interna-
tional AIDS Society–USA medical writer
prepares a summary manuscript from a
transcript of the talk. The manuscript is
reviewed and edited by the specific course
presenter and the journal’s appointed peer
reviewers. 

Reviews. Topics in HIV Medicine welcomes
unsolicited original review articles on cur-
rent issues in HIV and AIDS for considera-
tion. Topics in HIV Medicine does not publish
original research. Manuscripts should be
3000 to 6000 words (excluding references,
tables, and figures) and should include
numbered references and a brief introduc-
tory abstract of approximately 100 to 200
words. Original, adapted, or reprinted fig-
ures and tables may be included and
should be cited in the text and accompa-
nied by a brief title. Adapted and reprinted
work requires the submission of permis-
sion obtained from the original publishers
and authors. Authors interested in submit-
ting unsolicited manuscripts are encour-
aged to submit an outline or abstract of the
proposed manuscript prior to submission
of the completed work; please contact the
editor for further information.

Editorials. Topics in HIV Medicine and its edi-
tors invite submission of editorials.
Editorials should be approximately 500 to
1500 words (excluding references) and
should include numbered references.

Special Contributions. A special contribu-
tion article often represents the unique
contribution (such as a consensus state-
ment) of an author or group of authors and
is invited by the editors. 

Stories. Stories for the “Telling Stories” col-
umn share the experiences of those
involved in HIV and AIDS care. Stories may
be approximately 800 to 3500 words and
unsolicited submissions are welcome.

Letters to the Editor. Letters to the editor
are welcome and should be sent to the
address listed below.

Special Issues. Topics in HIV Medicine pub-
lishes one or two issues each year with a
special focus, such as reports from recent
scientific meetings and summaries of spe-
cial International AIDS Society–USA con-
tinuing education courses.

Reprints. Reprints of papers by expert pan-
els convened by the International AIDS
Society–USA are periodically included in
Topics in HIV Medicine.

Manuscripts should be submitted via e-
mail or PC-compatible floppy disk with a
double-spaced hard copy to the address
below. Each manuscript author should
complete an Authorship Form, which is
available online at http://www.iasusa.org/
pub or may be obtained by contacting the
editor at the address below. Outlines or
abstracts of proposed manuscripts are wel-
come and may be sent via mail or e-mail.

Editor, Topics in HIV Medicine
International AIDS Society–USA
1001 B O’Reilly Avenue
San Francisco, CA  94129-1125
E-mail: topics@iasusa.org

Receipt of submitted manuscripts will be
acknowledged by editorial staff and
reviewed by peer reviewers. Acceptance for
publication is based on the quality and rel-
evance of the work.

Copyright to manuscripts published in
Topics in HIV Medicine is owned by the
International AIDS Society–USA. All
authors and contributors of manuscripts
accepted for publication, with the excep-
tion of US federal government employees,
must sign a copyright transfer form as a
condition of publication.

Topics in HIV Medicine uses the definition of
authorship formulated by the International
Committee of Medical Journal Editors and
published in its Uniform Requirements for
Manuscripts Submitted to Biomedical
Journals.1 This definition states: “Author-
ship credit should be based only on (1)
substantial contributions to conception
and design, or acquisition of data, or anal-
ysis and interpretation of data; (2) drafting
the article or revising it critically for impor-
tant intellectual content; and (3) final
approval of the version to be published.
Conditions 1, 2, and 3 must all be met.
Acquisition of funding, the collection of
data, or general supervision of the research
group, by themselves, do not justify
authorship.”

It is the policy of the International AIDS
Society–USA to ensure balance, indepen-
dence, objectivity, and scientific rigor in all
of its educational programs. To that end,
all authors and contributors of articles
published in Topics in HIV Medicine are
expected to disclose to readers any signifi-
cant financial interest or other relationship
with any organization having financial
interest in the content of the manuscript.
Financial interests include employment,
consultancy, honoraria, grant/research
support, major stock ownership, and mem-
bership in a speakers bureau. The com-
plete financial disclosure statements for all
authors and contributors are published
with the articles. 

1International Committee of Medical Journal Editors.
Uniform requirements for manuscripts submitted to
biomedical journals. Updated October 2001. Available
at http://www.icmje.org. Accessed July 17, 2002. 
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Collaborative Sessions at Scientific Meetings

IAS–USA Collaborative Interactive Symposium at the 42nd Annual ICAAC
For registered attendees of ICAAC

New Issues and Controversies in the Management of HIV Disease
Saturday, September 28, 2002, 8:30 am–11:00 am
San Diego Convention Center, San Diego, California
Chairs: Douglas D. Richman, MD, and Patrick G. Yeni, MD

IAS–USA/HIVMA Collaborative Interactive Session at the 40th Annual IDSA Meeting
For registered attendees of the IDSA Meeting

Clinical Management of HIV Infections
Saturday, October 26, 2002, 5:30 pm–7:30 pm
Lakeside Center at McCormick Place, Chicago, Illinois
Chairs: Paul A. Volberding, MD, and William G. Powderly, MD

Eighth Annual Fall CME Course Series
Current Challenges in HIV Disease: A Case-Based, Advanced Course in Clinical HIV Management

These courses will present recent advances in clinical HIV management through a mix of didactic lectures and clinically relevant 
cases developed by a panel of HIV/AIDS experts.

Educational Programs of the International AIDS Society–USA

Visit www.iasusa.org for agendas and registration forms (generally available 2 to 3 months before each course).

Established in 1992, the International AIDS Society–USA is a not-for-profit physician education organization. The mission of the International
AIDS Society–USA is to improve the treatment, care, and quality of life of persons with HIV and AIDS through balanced, relevant, innovative,
and state-of-the-art education and information for physicians who are actively involved in HIV and AIDS care. The organization’s education-
al activities are particularly intended to bridge clinical research and patient care.

New York, New York
Tuesday, October 15, 2002
Chairs: Douglas T. Dieterich, MD 

Roy M. Gulick, MD, MPH
The course will focus on complications of HIV 
and its therapies.

Educational Programs of the IAS–USA      Volume 10 Issue 4 September/October 2002

Cases on the Web
New and updated Cases on the Web presentations are available. Please check www.iasusa.org for details.

San Diego, California
Tuesday, November 5, 2002 
Chairs: Douglas D. Richman, MD 

Wm. Christopher Mathews, MD, MSPH
The course will include updates from the 2002 ICAAC and
IDSA conference.

Los Angeles, California
Saturday, March 8, 2003
Chairs: Ronald T. Mitsuyasu, MD, 
Paul A. Volberding, MD

Atlanta, Georgia
Thursday, March 20, 2003
Chairs: Michael S. Saag, MD, and 
Jeffrey L. Lennox, MD

New York, New York
Friday, March 28, 2003
Chairs: Gerald H. Friedland, MD, 
Paul A. Volberding, MD

Chicago, Illinois
April 2003
Chairs: John P. Phair, MD, and 
Harold A. Kessler, MD

Washington, DC
Spring 2003
Chairs: Henry Masur, MD, and 
Michael S. Saag, MD

San Francisco, California
May/June 2003
Chairs: Paul A. Volberding, MD, and
Stephen E. Follansbee, MD

Eleventh Annual Winter/Spring CME Course Series
Improving the Management of HIV Disease: Advanced CME Courses in HIV Pathogenesis, Antiretrovirals, and Other Selected
Issues in HIV Disease Management

These courses will review timely and clinically relevant issues in the management of HIV disease, including updates from the 2003
Conference on Retroviruses and Opportunistic Infections.

For information about any of these programs, please contact the International AIDS Society–USA. 
Phone: (415) 561-6720 • Fax: (415) 561-6740 • E-mail: info@iasusa.org • Web Site: www.iasusa.org
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