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Purpose of review

To discuss new antiretroviral agents (ARVs) and alternative ARV treatment strategies
that are currently being evaluated, and to provide an overview of the most recent
advances in HIV vaccine development.

Recent findings

There is a continuous need for improvements in ARV therapy (ART) and several new
ARVs are currently undergoing clinical investigation, including the non-nucleoside
reverse transcriptase inhibitor rilpivirine, the integrase inhibitor elvitegravir, the
chemokine receptor 5 co-receptor antagonist vicriviroc and the maturation inhibitor
bevirimat. Strategies to optimize ART, such as treatment interruption, induction-
maintenance and class-sparing regimens, are also being evaluated and have had
varying success to date. However, vaccination still remains the optimal solution, and one
second-generation preventative HIV vaccine has produced encouraging results in a
recent phase Il trial.

Summary

Gilobal prevention and treatment with ARVs that are effective, well tolerated and have
high barriers to the development of HIV resistance are the main strategies to fight HIV/
AIDS while we await the development of an effective vaccine.
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Introduction

More than 25 years after the identification of HIV as the
causative agent of AIDS, the disease continues to spread
in some countries [1]. Current antiretrovirals (ARVs) have
significantly prolonged the time to both AIDS develop-
ment and death in those infected with HIV [2], although
ARV success has ultimately been limited by toxicity,
drug-drug interactions and other factors that determine
patient compliance and, consequently, the emergence of
resistance. Thus, there is a continuous need for existing
agents to be improved and for the development of new
drugs and drug classes that are effective, safe, have a
higher genetic barrier to resistance, penetrate viral reser-
voirs more effectively and have activity against resistant
viruses. Another challenge is to develop strategies that
maximize the efficacy of currently available drugs for as
long as possible; how to start, when to start, how to change
and when to change ARV therapy (AR'T) are all crucial
elements of this strategy. However, it should be noted
that access to new drugs and strategies serves no purpose
if the chain of new infections is not broken and if the low
levels of prevention and education that are currently in
place persist. Unfortunately, relative to the advances

made in treatment, prevention strategies have lagged
behind considerably. The creation of an HIV vaccine
represents the greatest hope for globally controlling the
pandemic and preventing further socio-economic
damage, and this will be the most important concern
of the scientific community during this century. Owing to
numerous factors, including the current lack of an effec-
tive HIV wvaccine, there has been recent enthusiasm
regarding the potential use of effective ART to prevent
transmission of HIV, although well-designed trials are
needed to determine the efficacy and feasibility of this
strategy [3]. In this review, we summarize recent
advances in ARV agents, in ARV therapeutic strategies
and in HIV vaccine development.

Overview of new ARVs under investigation

Several new ARVs are currently undergoing clinical
evaluation, most of which are new members of existing
drug classes, such as non-nucleoside reverse transcriptase
inhibitors (NNR'TTs), integrase inhibitors or chemokine
receptor 5 (CCRS5) inhibitors [4]. The aim of such ‘next-
generation’ agents is to improve upon the limitations of
currently used drugs, including sensitivity, resistance and
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tolerability. Moreover, as many of these agents are being
evaluated for once-daily administration, they may poten-
tially confer some benefits in terms of compliance. How-
ever, there are few new agents under investigation that
are derived from natural products, leaving this an area
deserving of further research effort [4].

Rilpivirine

Rilpivirine (I'MC278), a diarylpyrimidine derivative, is a
second-generation NNRTI, which is active against wild-
type HIV-1 and strains that are already resistant to other
NNRTTs. Rilpivirine is a potent reverse transcriptase
inhibitor and its antiviral activity is additive to that of

other ARVs.

Rilpivirine demonstrated antiviral efficacy in patients
naive to therapy in phase II clinical studies [5°,6] and,
as a result, is currently being evaluated in treatment-
naive patients in two ongoing 96-week, randomized,
double-blind, phase III trials, known as ECHO and
THRIVE. Preliminary pooled 48-week data from the
phase III trials (n = 1368) suggest that once-daily rilpi-
virine 25 mg provides virological suppression noninferior
to that of efavirenz, when used in combination with
nucleoside reverse transcriptase inhibitors (NR'TTs),
with most patients in both treatment groups achieving
HIV-1 RNA levels of <50 copies/mL (84.3% vs 82.3%;
between-group difference 2.0% [95% CI —2.0, 6.0]) [7°].
Moreover, rilpivirine appears to have a good tolerability
profile. The most common adverse reactions to occur
with rilpivirine in various trials included nausea, vomit-
ing, headache and dizziness. Although rilpivirine was
associated with a 10% incidence of rash and a 30%
incidence of neuropsychiatric disorders, the incidence
of these events was lower than with the comparator.

Rilpivirine offers the convenience of once-daily oral
dosing (25 mg), and long-acting parenteral formulations
are also under investigation [8]. Oral rilpivirine should
always be taken with food, as it increases exposure to the
drug by 45% [9]. However, drugs, such as rifampicin, that
induce the cytochrome P450 (CYP) enzyme, CYP3A4,
can reduce rilpivirine exposure and should therefore not
be co-administered with rilpivirine [10]. Use of drugs
that increase gastrointestinal pH, such as proton pump
inhibitors (e.g. omeprazole) and H,-receptor antagonists
(e.g. famotidine), may also reduce rilpivirine exposure
[11,12]. Consequently, proton pump inhibitors should
not be coadministered with rilpivirine [11]; H-receptor
antagonists can be used, provided they are administered
several hours before or after rilpivirine [12].

T'hree mutations have been identified as being associated
with decreased susceptibility to rilpivirine 7z vitro
(K101P, Y1811 and Y181V) and the resistance profile
of rilpivirine appears to be more robust than those of

first-generation NNRTIs [13]. Thus, rilpivirine may
represent a viable future NNR'TT treatment option for
AR'T-naive patients and, like the second-generation
NNRTT etravirine, may potentially have use in the
treatment of HIV-infected patients with resistance to
other NNR'T'Ts, although its use in this setting has yet
to be evaluated.

Elvitegravir

Elvitegravir (GS-9137) is an HIV integrase inhibitor that
inhibits the integration of viral DNA into the host’s
chromosomal DNA. The drug has demonstrated potent
antiviral activity against viruses with resistance to

NNRTTIs, NRTTs and protease inhibitors (PIs).

The antiviral efficacy of elvitegravir has been assessed
predominantly in treatment-experienced patients. One
randomized, dose-ranging, phase II study (n = 278)
compared the efficacy of once-daily elvitegravir 20, 50
or 125 mg boosted with ritonavir with that of a comparator
ritonavir-boosted PI (PI/r), in combination with an active
background regimen, in treatment-experienced patients
[14°]. The elvitegravir arms were found to be nonin-
ferior (50 mg/day) or statistically superior (125 mg/day;
p=0.021) to the PI/r arm with regard to the time-
weighted average change from baseline in HIV RNA
levels through week 24 of therapy (—1.44 and —1.66 vs
—1.19 log'’copies/mL; intent-to-treat [I'T'T] analysis).
However, the elvitegravir 20 mg/day treatment arm was
prematurely terminated following a review of the data at
8 weeks which found high rates of virological failure. Use
of a PI/r (darunavir/r or tipranavir/r) was permitted after
week 8 in the remaining elvitegravir arms. As a result, the
16-week timepoint was considered to be the latest time-
point least likely to be affected by any potentially con-
founding effects of PI/r addition; however, the findings at
16 weeks corroborated those of the 24-week analysis.

In addition, two ongoing, randomized, double-blind,
phase III trials are currently comparing once-daily elvi-
tegravir/r with twice-daily raltegravir, in combination
with a background regimen (a Pl/r plus a second agent),
in treatment-experienced patients [15,16].

Elvitegravir is metabolized by CYP3A4 and pharmaco-
logical studies have shown that it can be boosted with
100 mg of ritonavir administered once daily. In combi-
nation with ritonavir, the oral bioavailability of elvitegra-
vir is increased and its systemic exposure is increased
~20-fold. As an alternative to ritonavir, the non-ritonavir
boosting agent cobicistat is being evaluated. Elvitegravir
has been coformulated with emtricitabine, tenofovir dis-
oproxil fumarate (DF) and cobicistat in a single tablet for
once-daily administration. This fixed-dose combination
(the Quad pill) was recently compared with once-
daily fixed-dose efavirenz/tenofovir DF/emtricitabine
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(Atripla™) in a randomized, double-blind, phase II trial in
treatment-naive patients (n=71) [17°]. Most patients in
each treatment group achieved an HIV RNA level of
<50 copies/mL after 24 weeks of therapy (90% vs 83%;
I'T'T analysis), with the Quad pill meeting criteria for
noninferiority relative to Atripla™.

Elvitegravir/r does not appear to require dosage adjust-
ment when co-administered with NRTIs or NNRTTs
[10,18]. Similarly, the elvitegravir dosage (150 mg/day)
does not require adjustment upon co-administration with
darunavir/r, tipranavir/t or fosamprenavir/r [10,18,19],
although should be reduced to 85 mg/day in combination
with atazanavir/r or lopinavir/r [20,21]. The pharmacoki-
netics of elvitegravir/r are unaltered when coadminis-
tered with the CCRS inhibitor maraviroc, although as
exposure to maraviroc is increased, a reduced maraviroc
dosage may be required [22].

With regard to other drugs, the dosage of rifabutin should
be reduced to 150 mg once daily or three times weekly
when coadministered with elvitegravir/r [23]. Dosage
adjustments are not required when elvitegravir/r is taken
with omeprazole, although elvitegravir/r and antacids
should be administered at least 2 hours apart owing to
a reduction in elvitegravir exposure upon coadministra-

tion [24].

Elvitegravir demonstrated a good tolerability profile in
the phase II trial, with the most commonly reported
adverse events being upper respiratory tract infection,
diarrhoea, nausea and fatigue [14°]. The integrase
mutations that developed most commonly with elvite-
gravir in this trial included Q148R/H/K, N155H, E92Q
and E138K [25]. Notably, raltegravir has been shown to
select for mutations at these integrase amino acid pos-
itions 7z vivo and evidence for cross-resistance between
elvitegravir and raltegravir has been observed [25].

Owing to its activity against HIV strains with resistance to
other ARVs and its efficacy in treatment-experienced
patients to date, elvitegravir should be a welcome
addition to current salvage therapy options, particularly
as it can be administered once daily. However, given the
potentially low threshold for resistance associated with
integrase inhibitors, monotherapy should be avoided
[26].

Vicriviroc

Vicriviroc maleate (SCH 417690; hereafter referred to as
vicriviroc) is a new CCRS co-receptor antagonist, a class
of drugs that bind specifically to the CCRS5 co-receptor of
the host cell, preventing entry of the virus. The antiviral
activity of vicriviroc is generally similar to that of mar-
aviroc (the first approved drug in this class), which is
indicated for use in treatment-experienced patients.

i

Vicriviroe, as a component of combination ART, was
shown to provide virological suppression for up to
48 weeks in treatment-experienced patients infected
with CCRS5-tropic HIV in randomized, double-blind,
phase II trials, known as VICTOR-E1 (n=114) and
ACTG 5211 (n=118) [27-29], with an open-label exten-
sion of VICTOR-E1 indicating sustained antiviral
efficacy with vicriviroc for up to 96 weeks [30]. Con-
sequently, the efficacy of the drug in CCR5-tropic HIV-
infected treatment-experienced patients is currently
being evaluated in two identically designed, randomized,
double-blind, phase III trials (n=857 randomized),
known as VICTOR-E3 and VICTOR-E4, in which
patients are treated with vicriviroc 30 mg or placebo once
daily, in combination with an optimized background
regimen (OBR) consisting of at least two ARVs. Pooled
data from these studies showed no difference between
the vicriviroc and placebo groups for the proportion of
patients with an HIV RNA level of <50 copies/mL. after
48 weeks of therapy (64% vs 61%) [31°]. However,
vicriviroc appeared to be effective in those who had
two or fewer ARVs in their OBR (70% vs 55% of placebo
recipients; p=0.02) in further analyses [31°].

In addition, the efficacy of vicriviroc 30 mg once daily
is currently being compared with that of tenofovir
DI /emtricitabine, each in combination with atazanavir/r,
in treatment-naive patients with CCR5-tropic HIV infec-
tioninaphase I11 study [32]. If effective, such a nucleoside-
sparing first-line treatment regimen would enable other
classes of agents to be withheld for subsequent lines
of therapy. Of note, an earlier phase II trial in treatment-
naive patients was terminated prematurely owing to an
increased rate of virological failure in those who received
vicriviroc 25 or 50 mg once daily relative to those who
received efavirenz, each in combination with a dual NR'T'T
regimen [33].

Adverse events, such as headache (15%) and diarrhoea
(10%) have been reported with vicriviroc. However, there
is no record of serious side effects in humans, in particular
those involving the central nervous system (CNS), such
as seizures, which have occurred in animal species at
very high plasma concentrations of vicriviroc. Further-
more, vicriviroc does not appear to be associated with
serious laboratory or electrocardiographic abnormalities.
Although certain malignancies developed in some treat-
ment-experienced patients who participated in the phase
IT ACTG trial involving vicriviroc, a causal relationship
with the drug was not considered to be determinable [28]
and no new malignancies occurred during the extended
follow-up of the trial [29].

Vicriviroc is metabolized primarily by CYP3A4, has a

half-life of 28-33 hours (enabling once-daily adminis-
tration) and can be administered with or without food
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[10,34]. Moreover, no dosage adjustment seems to be
necessary when ritonavir is used in combination with
vicriviroc [10]. However, as vicriviroc is a CCR5 co-
receptor antagonist, it is vital that a viral tropism test is
performed before initiating treatment; if the viral strain
uses the chemokine (CXC motif) receptor 4 (CXCR4) co-
receptor or both CXCR4 and CCRS (i.e. is dual-tropic),
vicriviroc should not be used [35,36].

Bevirimat

Bevirimat (PA-457) belongs to a novel class of ARVs
known as maturation inhibitors and has been studied
in phase I and II trials [37-39]. The drug works by
specifically inhibiting the final stage in Gag processing,
namely the conversion of the capsid precursor (CA-SP1/
p25) to the capsid protein (CA/p24). After treatment with
bevirimat, the viral particles released by the infected cells
have abnormal structures and are therefore non-infec-
tious.

Bevirimat has demonstrated antiviral activity even in
patients infected with resistant viruses. Its administration
in combination with other ARVs appears to be safe, and
in vitro it demonstrates synergy with approved ARVs.
Bevirimat has good oral bioavailability and a long half-life
of about 2 days, enabling once-daily administration;
however, it is still unknown which dosage will prove to
be the most effective. The drug is metabolized by
glucuronidation and seems to have no drug interactions.
In vitro, for reasons yet unknown, strains of HIV already
resistant to Pls show hypersusceptibility to bevirimat
[40]. Further development of bevirimat has currently
been suspended.

Overview of new ARV therapeutic strategies
Although eradication of HIV remains an elusive prospect,
AR is now able to maintain viral suppression in infected
individuals, preserving their immune systems for pro-
longed periods of time. The current standard of care for
the treatment of HIV in the developed world is highly
active AR'T" (HAAR'T), usually a combination of two
NR'TTs and an NNR'TT or PI [41,42]. However, concerns
still exist regarding the long-term toxicity associated with
chronic drug exposure, the need for daily medication
adherence, the development of HIV resistance, drug-
drug interactions and the costs associated with treatment.
Several drug-sparing strategies are being explored to
minimize ARV requirements. These include intermittent
therapy, induction-maintenance regimens and class-spar-
ing combinations [43].

Intermittent therapy was first thought to be a strategy that
could reduce drug exposure and toxicity, and usually
consists of predefined periods on and off therapy, or
scheduled treatment interruptions guided by CD4" cell

count. Although exploratory studies seemed promising,
the more recently completed trials that used a CD4" cell
count guided approach, including TRIVACAN (n=386)
[44], STACCATO (n=430) [45] and the large SMAR'T
study (n=5472) [46], showed a higher incidence of mor-
bidity, not only opportunistic diseases and death, but also
renal, hepatic and cardiovascular events, in the treatment
interruption arms than in the continuous therapy arms.
These data do not support the general use of treatment
interruption as a simplification strategy in HIV-infected
individuals [43], except perhaps in selected populations.

Single-drug-class therapy was initially studied with
NR'TTs, including both once-daily and fixed-dose triple
combinations [47-50]. However, these trials generally
showed a greater risk of virological failure with NRTTs
than with NNR'TI-based regimens when used in the
initial treatment of HIV infection.

Like NRTTs, PIs (which combine potency with a high
genetic barrier to resistance) have also been studied as
monotherapy. Lopinavir/r has been the PI most exten-
sively studied in this setting, with data available from six
randomized controlled studies. One such study is the
MONARK trial (n=138), which compared lopinavir/r
with the triple combination of lopinavir/r, zidovudine
and lamivudine in ART-naive patients with CD4™ cell
counts of >100cells/pul. and HIV RNA levels of
<100,000 copies/mL. [51]. There were no significant
differences between the treatment groups in terms of
virological suppression after 24 or 48 weeks of therapy in
the I'T'T analysis. However, major PI mutations were
detected in 3 of 21 patients with virological failure in the
lopinavir/r alone arm and in none of those with virological
failure in the triple-therapy arm.

In a recent systematic review of all PI-monotherapy
studies published in peer-reviewed journals or presented
at conferences up to 2008 [52], the overall efficacy of PI/r
monotherapy was found to be inferior to that of HAAR'T,
although the efficacy was improved if patients were
started on monotherapy after having virological suppres-
sion for at least 6 months. This strategy is called induc-
tion-maintenance and is based on the assumption that
after a phase of maximal suppressive HAART (induc-
tion), the same level of viral suppression could be
maintained by fewer drugs (maintenance). Trials using
NRTIs and/or a first-generation PI as maintenance
therapy have produced variable findings [53-58], but
PI/r monotherapy maintenance has also been studied
in the past few years. Advantages of this approach would
be reduction of side effects (including avoidance of
long-term NRTT toxicity) and fewer drug interactions
and costs. One further benefit could be reduction of ARV
resistance, as failure of PI/r regimens seldom selects for
major PI resistance mutations.
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Atazanavir/r, a once daily PI/r with a good metabolic
profile, was studied as maintenance monotherapy in
small, non-comparative trials [59-61]. Virologic suppres-
sion was generally maintained, although one study was
prematurely stopped because of an excess of virologic
failures [59]. Reassuringly, no major PI mutations could
be detected in the virologic failures, either by standard
genotyping or by single genome sequencing that detects
low frequency mutations. This finding reaffirms the
results of previous trials showing that PI resistance
mutations are uncommon when PI monotherapy fails.

The more recently approved PI, darunavir/r, has also
been studied as maintenance monotherapy. Two large
trials (MONET [62] and MONOI-ANRS 136 [63]) com-
paring darunavir/r monotherapy with darunavir/r plus a
double nucleoside backbone in virologically suppressed
patients were presented at the 2009 International AIDS
Society Conference. At 48 weeks in both trials, the
efficacy of the monotherapy arm was noninferior to that
of the standard triple regimen. Moreover, in the three
patients who experienced viral failure in the MONOI-
ANRS 136 trial no new mutations related to darunavir
resistance were detected [63].

However, PI monotherapy simplification strategies remain
associated with concerns regarding limited penetration of
the drug into viral resevoirs and the possibility of viral
replication in the CNS or genital tract [64]. With the
introduction of new classes of agents, such as integrase
inhibitors and CCRS5 co-receptor antagonists, other main-
tenance combinations are possible, and studies are already
underway to explore these very well tolerated drugs as
components of alternative regimens [65]. In addition,
combining raltegravir, the first approved integrase inhibi-
tor, with a PI (either lopinavir/r, atazanavir or darunavir/r) is
currently being explored as a potential class-sparing
approach in treatment-naive patients in several ongoing
studies [66—68]. Indeed, ART will continue to be devel-
oped, with the aim of reducing toxicity, improving con-
venience and enhancing the potency and durability of
response, while preserving patient quality of life.

Update on HIV vaccination research

As currently available treatments are not effective in
eradicating HIV, vaccination represents the optimal
solution to the global impact of this infection. The
primary goal of an HIV vaccine is to prevent the establish-
ment of a persistent infection, with the ideal vaccine
being able to block infection completely and provide
sterilizing immunity [69]. However, an alternative, per-
haps more realistic, vaccination goal is to lower the
steady-state viral load achieved after primary HIV-1
infection (i.e. the viral set point). A safe and effective
therapeutic vaccine that could reduce viral load could

potentially reduce transmission, improve public health
outcomes and reduce costs associated with long-term
AR exposure. Moreover, a vaccine capable of reducing
the need for ART may help to reduce the burden of
disease [70]. However, there are numerous obstacles to
generating effective vaccines against HIV-1, including
the remarkable diversity of the virus and its capacity to
evade selective pressures through genetic variation and to
establish latent viral reservoirs, and the fact that there is
no method to elicit broadly reactive antibody responses,
no clear immune correlates of protection and no small-
animal models [69].

Humoral and cell-mediated immunity in HIV
infection

Vaccines induce memory immune responses that expand
upon pathogen exposure to prevent or control an infec-
tion. Memory can be induced for both B and T cells. B
cells produce antibodies, whereas CD8" T cells (cyto-
toxic T lymphocytes [C'TLs]) recognize and destroy cells
that are virus infected. CD4 " T cells are often referred to
as “helper T cells” as they produce factors that are
required for the growth and differentiation of CD8" T
cells and B cells [71].

The general aim of a vaccine is to stimulate the pro-
duction of neutralizing antibodies. However, unlike other
infections, infection with HIV typically fails to provide
protective immunity that lasts. Within weeks of being
infected with HIV, circulating antibodies appear which
are the basis for the diagnostic HIV ELISA test, yet the
virus continues to destroy immune system cells, primarily

CD4" T cells [72].

How extensively HIV pathogenesis is controlled by
humoral and innate immunity is still unclear, although
one HIV antigen potentially relevant to protective
humoral immunity is the envelope (Env) glycoprotein,
which exists as a trimer on the surface of the virus particle
[69,70]. Many of the conserved epitopes of the Env gly-
coprotein of HIV-1 are shielded from antibody recognition
by extensive N-linked glycosylation [69,73], and some
conserved regions (e.g. the chemokine co-receptor binding
site) form only after Env has bound to CD4" and under-
gone a subsequent change in conformation [69,74]. More-
over, any N-linked glycan mutations that develop may also
facilitate the evasion of neutralizing antibody responses
[69,73]. In spite of the progress that has been made in
understanding the structure and function of Env, no
candidate vaccines to elicit Env-specific, broadly neutra-
lizing antibodies are currently being studied in clinical
trials.

Virus-specific T-lymphocyte responses appear to play a
pivotal role in the control of HIV-1 replication and are
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consequently being investigated in vaccination strat-
egies. Data indicate that during an acute HIV infection,
virus-specific CD8" T-lymphocyte responses are coinci-
dent with primary viremia control [75,76]. However,
despite vigorous CD8" CTL responses directed at the
virus, the majority of individuals fail to clear the infection,
perhaps because the selective pressure exerted by the
CTLs may drive viral mutational escape. This strongly
suggests that vaccines against persistent viruses should
elicit early and strong humoral responses in addition to
cellular responses.

Approaches for the development of an HIV
vaccine

Several types of vaccine are currently licensed for human
use: live-attenuated viruses, whole inactivated viruses
and viral protein subunits [69,71]. Although these
traditional technologies have been very successful in
generating vaccines against various viruses, they have
not yet yielded a successful HIV vaccine. In spite of the
fact that good short-term protection against the develop-
ment of infection has been seen with live-attenuated
virus vaccines in non-human primates, the risks associ-
ated with using such HIV vaccines in humans have been
too high, owing to the potential for vaccines to generate
virulent variants or cause disease in those who are immu-
nocompromised. Although animal models initially gave
some hope for whole inactivated virus vaccines, the
protective immunity was later found to be mediated
by antibodies against human cellular proteins present
in the outer membrane of the immunizing virus that
had been incorporated during its production in human
cell lines. Both whole inactivated virus and viral protein
subunit vaccines provide immune protection mainly via
the elicitation of antibodies, but such vaccines have so far
been unsuccessful in eliciting protective antibodies
against HIV [71]. However, data from nonhuman
primates suggest that incorporating Toll-like receptor
adjuvants into HIV protein subunit vaccination strategies
may increase their utility [77]. In addition to using
adjuvanted proteins and peptides in vaccination, other
new vaccine concepts and strategies include gene-deliv-
ery technologies (e.g. live recombinant viral vectors, or
DNA vaccines) and the combined use of at least two
antigen delivery modalities in heterologous prime/boost
regimens [69,71].

The use of viral vectors to deliver HIV antigens to
specific target cells is the main strategy currently being
explored. A great variety of viruses, including adeno-
viruses, poxviruses, parvoviruses, alphaviruses, paramyx-
oviruses, rhabdoviruses and herpesviruses, have been
used to construct live and infectious recombinant vectors
(e.g. ALVAC), and bacterial vaccine vectors, such as
Bacillus Calmette-Guérin, Sa/monella or Listeria monocy-

fogenes, are also being investigated [69,78—-80]. The con-
struction of recombinant viral vectors usually involves
the removal of important viral genes (thus rendering the
vector replication defective, potentially allowing for
greater safety) and then filling the resulting empty space
with genes for the desired vaccine antigens [78,81].

Plasmid DNA vaccines proved to be disappointing in
preclinical studies conducted in non-human primates
[79], although in untreated HIV-infected patients the
first HIV DNA vaccines were safe and induced varying
immune responses [82]. The immunogenicity of the
vaccines could be improved by approaches such as pro-
moter modification or use of cytokine adjuvants or syn-
thetic genes [79,82]. However, DNA vaccines appear to
be most useful when used as the priming component of
prime-boost vaccination strategies that use live recombi-
nant vaccines for boosting [79].

Several candidate HIV protein subunit vaccines have
been developed, the first of which employed the HIV-
1 envelope subunit proteins gp120 and gp160 (purified or
recombinant) with the hope of eliciting neutralizing
antibodies against HIV-1 to treat infection [70]. Lipopep-
tides represent another type of therapeutic HIV vaccine,
the first of which was composed of a lipid group cova-
lently coupled to a synthetic Gag peptide containing
several C'TL epitopes restricted by varying HLLA alleles.
Lipopeptide vaccines are capable of inducing CD4" and
CD8" T-cell responses to a variety of known and novel
T-cell epitopes [82]. Lipopeptides have shown promise
in trials, both alone and as adjuvants to facilitate the
delivery of protein subunit vaccines and to boost other
therapeutic or prophylactic vaccines [70].

Antigen-presenting cells, such as dendritic cells (DC), are
instrumental in inducing an immune response against
HIV, although their functional capacity declines during
the infection [70]. DCs have been investigated as a
potential therapeutic vaccine approach, with around
50% of patients who received DCs loaded with inacti-
vated autologous HIV-1 achieving viral load suppression
without ART in one study [82]. However, in another trial,
administration of HIV peptide-loaded DCs followed by
HAAR'T interruption did not reduce viral set points
beyond those observed before the initiation of HAART
[82].

Clinical trials using first-generation HIV-1
vaccines

There are currently more than 30 trials evaluating pre-
ventive HIV vaccine candidates. However, despite a
number of promising phase I and II studies, the most
advanced candidates have so far been unsuccessful. In
initial studies, HIV vaccine candidates with the hope of
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eliciting humoral antibody responses were evaluated,
including synthetic peptides and recombinant proteins
[83]. In spite of being safe and well tolerated, the subunit
vaccine based on monomeric recombinant gp120 failed to
protect against HIV-1 infection because the elicited anti-
bodies could notneutralize primary HIV-1isolates, despite
showing some neutralizing activity against laboratory
strains 2z vitro. Although early vaccine studies were unsuc-
cessful, many lessons were learned from them as well as
from fundamental research on the HIV Env protein.

Clinical trials using second-generation HIV-1
vaccines

Once the potential role of cell-mediated immune
responses in controlling HIV infection was recognized,
researchers broadened their scope to evaluate vaccines
that incorporated the more conserved internal proteins of
HIV as well as the envelope, and gave more attention to
evaluating vaccines that induced both humoral and cell-
mediated responses.

A randomized, double-blind, placebo-controlled, phase-
1T trial, known as RV144, was designed to evaluate the
efficacy of the ALVAC-HIV vaccine (a non-replicating
recombinant canarypox virus vector containing genes
from HIV) boosted with the protein vaccine AIDSVAX
B/E (gp120) in preventing HIV-1 infection. The trial was
conducted in Thailand in 16,402 HIV-negative individ-
uals and the results were recently published [84°°]. In the
modified I'T'T analysis, the vaccine had an efficacy of
31.2% (p=0.04 vs placebo). Further analysis of the
immune responses generated in vaccinees is needed,
with an attempt to identify a correlate of protection.
Follow-up clinical trials would also be beneficial in order
to fully understand the vaccine effect and the potential
for further vaccine development.

In addition, phase I clinical trials have evaluated a tri-
valent mixture of recombinant adenovirus serotype 5
vectors (rAd5) expressing the Gag, Pol and Nef of clade
B HIV-1. Data from these studies suggested that, in
general, the vaccine was well tolerated and immuno-
genic, although pre-existing neutralizing antibodies
against the vaccine vector were seen to partially suppress
the response to the vaccine [69]. Subsequently, two
“proof-of-concept” phase IIb efficacy studies, known
as Step [80] and Phambili [85], were initiated to deter-
mine if this vaccine could prevent HIV-1 infection or
reduce viral loads post-infection in adults at high risk of
HIV-1 infection. However, the studies were discontinued
in 2007 because of a failure of the STEP trial to meet its
efficacy endpoints [80]. Furthermore, the vaccine was
associated with a greater number of HIV-1 infections than
placebo in volunteers who had pre-existing Ad5-specific
neutralizing antibody titers, seemingly suggesting that

!J

rAd5 vector vaccines may be associated with a higher,
rather than lower, risk of contracting HIV in these indi-
viduals. Further analysis of the acquisition data showed
a statistically significant increased risk of infection in
vaccinated men who were uncircumcised [80].

Future vaccine approaches

Further research into the structure, function and immu-
nogenicity of the Env glycoprotein is needed to facilitate
efforts in generating improved Env immunogens that are
capable of eliciting broad neutralizing antibody responses
against HIV. However, as the optimal vaccine is likely
to be a combination vaccine capable of eliciting both
T-lymphocyte and neutralizing-antibody responses,
these two vaccine strategies should ideally be pursued
and developed simultaneously [69]. Some current
vaccine approaches, such as heterologous recombinant
adenovirus prime-boost regimens [69] or vaccine cocktail
strategies [86], may offer new hope.

Conclusion

The prognosis of patients infected with HIV has
improved dramatically over the last 26 years owing to
the introduction of numerous effective anti-HIV drugs.
However, limitations, such as toxicity and the develop-
ment of resistance, have continuously driven the search
for alternative agents, and several ‘next-generation’
agents are currently in development. Given the consider-
able progress that has been made in the treatment of HIV
to date, there is hope that future research will yield
effective novel therapies to further extend the current
drug arsenal. In contrast, generating an effective preven-
tative or therapeutic vaccine against HIV has proven to be
much more difficult. HIV vaccines that incorporate HIV
proteins/epitopes representing a broad range of strains
and that induce a strong cross-reactive immune response
are needed, and although this has not yet been achieved,
the field of HIV vaccine research is progressing. How-
ever, as HIV vaccine development will continue to be a
challenge, efficacy trials will certainly require the collab-
oration of product developers, governments, funders and
researchers in multiple countries.
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