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Abstract

The HIV cure agenda has rekindled interest in the development of a therapeutic HIV vaccine. An iterative
clinical trial strategy that proved successful for the development of effective cancer chemotherapies in the
1960s may be applicable to the development of a CD8 T lymphocyte-based therapeutic HIV vaccine. However,
while cancer chemotherapy development could begin with iterative clinical trials to improve the use of active
drugs, the first step in therapeutic HIV vaccine design should be discovery of immunogen constructs with
potential for activity and their optimization to meet the challenges of HIV-1 sequence diversity and human
polymorphism in T cell antigen presentation. A strategy for doing this is discussed in this article. The proposed
strategy relies on a major commitment by funding organizations to fund organized and coordinated manufacture
and clinical testing of a series of first- and second-generation constructs to test basic concepts in product design.
This is presented as an alternative to funding a more traditional competition among private manufacturers and
product champions of individual, already designed products.

Introduction therapeutic vaccine studies in nonhuman primate models. It
was clear that therapeutic HIV vaccine development requires
HILE PREVENTIVE HIV VvAcCCINE development has addressing several very different issues. These include the
been a constant goal since the discovery of HIV-1, following: (1) What type of immune responses can be in-
interest in a therapeutic vaccine for HIV-infected people has  duced in an already HIV-1-infected person and which will be
fluctuated. Many have felt that a therapeutic vaccine is not most effective? (2) Will responses with new specificities be
possible as until recently there were no examples of such required or will simply boosting the body’s initial responses
vaccines for other diseases.” And with the advent of in-  be effective? (3) What vaccine vectors, vehicles, or adjuvants
creasingly effective, simple to take, and relatively nontoxic =~ will induce maximal (titer and breadth) responses? (4) Why
combination drug therapies there has been less call for im- do initially controlling responses fail with time? and (5) Can
mune therapies to substitute for or augment drug therapy. adjuvant or adjunct non-antigen-specific immunotherapy
However, the HIV cure agenda has rekindled interest in a  contribute to vaccine efficacy by prolonging or reconstituting
therapeutic vaccine to enhance immune-mediated clearance preexisting responses?

of virus-producing cells and/or assist in the destruction of the It was readily apparent that therapeutic vaccine develop-
reservoir of latently infected cells that drug therapy alone ment trials and studies are following the standard preventive
does not seem to be able to eliminate.' vaccine development path. After conceptualizing a product, 5

Last year a meeting was held in Bethesda, Maryland to 10 years of animal model testing are performed before 2 to 5
(September 19-20, 2013) to reinvigorate therapeutic HIV  years of GMP product development to enable another 10 to 15
vaccine development.” Recent therapeutic HIV vaccine trials  years of phase I then phase II then phase III clinical trials of a
were described, and there was a discussion of results of specific candidate vaccine product before licensure and dis-

tribution will occur. This path is depressingly slow and may
not be an optimal way to deal with the multiple critical issues

“The shingles vaccine, Zostavax, could be considered a thera- to be addressed in therapeutic vaccine development. At-

peutic vaccine as it prevents clinical cases of shingles in people tempting to design a vaccine to address'such a complexity
already infected with the Varicella zoster virus. of issues by reasoning out all the multiple aspects of the

Vaccine Research Program, Division of AIDS, National Institute of Allergy and Infectious Diseases, Bethesda, Maryland.
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final product before testing is very risky. There is a strong
possibility of total failure at the end of a prolonged period of
testing because of failure to include one essential component,
or the inclusion of unnecessary components that detract from
overall efficacy.

An effective therapy should be built up from components
all known to be active. A methodical, iterative development
strategy could address the multiple product aspects individ-
ually. This article proposes a methodical clinical testing ap-
proach to start the development of a cellular immunity-based
therapeutic vaccine immunogen (i.e., working out the opti-
mal HIV antigenic content and its sequence refinement as an
insert in a vector or vehicle for delivery) as a first step in
therapeutic HIV vaccine development. This alternate path
may require some changes to the organization of funding and
greater collaboration between academic scientists and prod-
uct developers in the early stages.

The First Decision: Humoral versus Cellular Immunity

The first issue for therapeutic HIV vaccine development is
the basic choice between inducing an antibody response or a
CD8™ T-lymphocyte response. Many therapeutic vaccine
developers have focused on CD8 responses since they are
known to contribute to the initial control of viremia.>* Also,
the broadly neutralizing antibody responses that some in-
vestigators hope will control viremia have been so difficult to
induce by active vaccination.

The administration of already identified broadly neutral-
izing monoclonal antibodies (MAbs) for passive protection is
clearly the most direct route to the development of an ef-
fective antibody-based therapeutic product. Indeed, several
broadly neutralizing MAbs are already in development, and
the path for development of a therapeutic monoclonal anti-
body is well worked out. Some iterative clinical trials may be
required to put together the most effective combinations of
MADs after individual monoclonals have been shown to have
effect. This may present some challenges in measuring
clinical endpoints. However, there will be a strong incentive
to work through these challenges because of the demon-
strated superior efficacy of combination chemotherapy for
cancer, tuberculosis, and AIDS itself. This article will focus
on a strategy for the development of a CD8 cell-based ther-
apeutic vaccine because that task is more complex and less
certain of success, and thus in greater need of a plan to jump
start the process.

Iterative Clinical Trial Strategy for Product Development

In the mid-1960s major breakthroughs in cancer treatment
occurred. Several anticancer drugs had previously been
shown to selectively kill cancer cells, but their anticancer
efficacy in patients was usually only partial and transient,
rarely completely eliminating the cancer. It was reasoned that
cancer therapy could benefit from the new strategy of com-
bination therapy, developed for tuberculosis, where combi-
nations of drugs with different mechanisms of action
eliminated a greater fraction of the pathogen than any single
drug alone, leading to complete suppression of disease or
even cure of the infection. But the experience of failure in
treatment with single drugs convinced clinicians that opti-
mizing these combinations must be done with patients in
clinical trials because the ability to kill cancer cells in vitro
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did not accurately predict curing cancer in a patient. Thus
multiple clinical trials were performed to enhance the effi-
cacy of cancer chemotherapy by iteratively testing different
combinations, doses, and treatment regimens in small scale
clinical trials until effective protocols were developed to
treat and even cure cancers such as leukemia and Hodgkin’s
disease.”

The complexity of issues to be addressed in therapeutic
HIV vaccine development, the absence of a good animal
model for AIDS, and the lack of systems to induce cellular
immune responses in vitro argue that there is a role for iter-
ative clinical trials to play in this field. However, iterative
clinical development for a therapeutic HIV vaccine will be
more complicated than it was for cancer chemotherapy. This
is because the great sequence diversity of HIV-1 and human
population diversity in antigen presentation requires first the
identification of the most effective target antigens before
optimal vectors, vector combinations, dosages, regimens, and
adjunct therapies can be determined.

The identification of cancer chemotherapy drugs was fa-
cilitated by the ability to test drugs in vitro for cancer cell
killing potential. Testing the ability of immune responses
against specific targets in the virus (the epitopes in the anti-
gens) to kill HIV-infected cells or suppress virus replication
will require first inducing those immune responses in people.
Natural history studies of acute HIV-1 infection make it clear
that not all CDS cell antiviral immune responses measured in
the laboratory are equally effective at killing infected cells or
suppressing virus proliferation to control viral load. In some
cases peptide epitopes that can be synthesized and used in an
in vitro ELISpot assay are not efficiently processed or pre-
sented in vivo. In other cases escape from different responses
by mutation of specific target epitopes may have very dif-
ferent fitness costs for the virus,® which will be reflected in
different apparent levels of control of viremia. In yet other
cases what may be effective epitopic targets in some indi-
viduals may not be present in the virus that infected other
people or may not be presented by the polymorphic antigen-
presenting molecules of other individuals.

In very few cases is the initial CD8 response sufficient to
efficiently control viremia.” It is commonly believed that a
therapeutic vaccine must generate more and different epi-
topic responses than occur upon infection, especially new
responses to escape epitopes and difficult to escape from
epitopes many of which are subdominant immune responses
in an individual exposed to whole virus proteins. The more
critical epitopes recognized the more effective a vaccine will
be for more people. Thus in an iterative development strategy
for a CD8-based therapeutic HIV vaccine the first step should
be studies in people to discover the most broadly effective
antigen targets and optimize immunogen constructs to meet
the challenges of HIV-1 sequence diversity and human MHC
polymorphism.

Some may think that this has already been done in the
many years that candidate preventive HIV vaccines have
been under testing, but this is not the case. Many preventive
vaccine developers have simply opted for as much of the
virus protein content as possible, hoping the immune system
will respond to the best targets; they have not addressed
immune dominance or sequence diversity issues. While
simply getting a response to a large enough diversity of
epitopic targets may be sufficient for protection against



THERAPEUTIC HIV VACCINE DEVELOPMENT

acquisition of infection, therapeutic vaccine developers must
pay more attention to the optimization of epitopic targets as the
HIV-infected people in need of a therapeutic vaccine have
already been exposed to all of the HIV-1 proteins and the
immune responses they have made are clearly inadequate.”

Competing theories of how to optimize the virus antigen
targets have been proposed. These theories are the consen-
sus,'" mosaic,'? and conserved”'? sequence approaches. The
consensus approach proposes to use consensus oOr ancestor
sequences of the virus proteins to minimize the sequence
differences between vaccine constructs and the strains of
virus in circulation to which people are exposed. In the mo-
saic approach a small set (two to four) of ‘“mosaic’’ proteins,
assembled from fragments of natural sequences via a com-
putational optimization method, is proposed to cover most
virus sequence diversity. The conserved sequence approach
builds on the observation that greater viremia control in
newly infected people was correlated with CD8 ™" cell rec-
ognition of epitopes in protein sequences that showed little
variability (suggesting that these immune responses might be
more difficult to escape from because the sequence of the
protein in that place was more critical to virus replication);
thus vaccine designers with this approach have used immu-
nogen constructs that contain only the most conserved re-
gions of the virus protein to focus the immune response on
what are often subdominant epitopes.

These are all interesting hypotheses, but no one has sys-
tematically compared the effectiveness of all the different
possible target virus proteins, designs, and constructs under
the conditions of the human immune response. What is
proposed here is to perform this systematic analysis in two to
three sets of sequential small clinical trials as a way to
identify the optimal immunogens to be included in a thera-
peutic vaccine product.

Clinical Study Design Issues

The choice of the HIV-infected subject population in
whom the immunogen constructs will be tested is important
in choosing the clinical endpoint assay for these clinical
studies. This stage of testing must be performed in subjects
with sufficiently high levels of CD4™ T cells (e.g., greater
than 350/ul) to have effective immune responses. This is the
case even though subjects with more advanced disease are in
greater immediate need of a therapeutic vaccine product. The
goal at this early stage is not making the final product but
rather simply the identification of the most useful targets and
the insert immunogen designs that will induce the broadest
and best CD8* responses (responses that are cytotoxic for
HIV-infected cells and suppress virus replication). The

®Some investigators believe that the specificity or number of
epitopes recognized is not as crucial for viral control as is the spe-
cific functionality of the CD8* T cells that recognize the epitopes.®
Inadequate T cell functioning may contribute to the problem, but in
the absence of clear procedures to change T cell functionality and
with accumulating evidence of the importance of different types of
epitopes’'® optimizing the epitopic response is a clear place to begin
work on a therapeutic vaccine.

A soon to start clinical trial in uninfected subjects (HVTN 106)
will compare the breadth and depth of epitopic responses to a
natural isolate envelope sequence with those to consensus and
mosaic envelope constructs, but a conserved sequence construct
will not be part of the comparison, nor will the other viral proteins.
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comparative study of vectors/vehicles that will induce max-
imal responses and adjuvants or adjunct immunotherapies
that could compensate for or bypass the immunosuppression
of later stage HIV disease (and thus make a therapeutic
vaccine more efficacious for all individuals) will follow.
However, those optimizations will clearly be facilitated by
first determining the specific, most effective target immu-
nogens and their best design.

In this first stage of development it is important to identify
all responses that could contribute to the efficacy of a final,
developed product. Therefore HIV-1 proteins should be ex-
amined separately to avoid immune competition masking a
response to useful epitopes. It is anticipated that multiple
studies will be needed. Thus the clinical endpoint assays for
this first stage of development should facilitate rapid, multiple
trials at the least risk to the subjects. The clinical endpoint
assays should also be relevant to the goal of the therapeutic
vaccine as well as the stage of testing. Ultimately the goal will
be eliminating the latent reservoir. However, since latently
infected cells express no or minimal HIV antigens it may not
be possible for a cytotoxic or virus suppression immunother-
apy on its own to eliminate the latent cell reservoir in an
antiretroviral (ARV)-treated patient with no detectable vire-
mia; thus difficult to perform measurements of the latent res-
ervoir at this early stage may not be useful or necessary.

If the goal of a therapeutic HIV vaccine is enhancing im-
mune-mediated clearance of virus-producing cells in patients
poorly controlled by ARV therapy this would be reflected in a
decrease in circulating viremia. In this case measurement of
viremia and/or some quantitative assay of virus-producing
cells should be acceptable assays. However, such patients are
probably not the most appropriate subjects for early thera-
peutic vaccine development studies.? I propose that the best
and safest approach to determining the activity of potential
products at this early stage is a combination of a virus sup-
pression assay'>"'® (using multiple viruses to take into account
virus sequence diversity) and an ELISpot assay'’ that will
allow the determination of the specific epitopes recognized. If
these assays are performed before and after vaccination of
fully virally suppressed subjects, comparison should indicate
the expansion of the CD8 response to new targets.®

What is proposed specifically is to break the virus protein
complement down into four smaller pieces’ and prepare
separate vectors containing each of these fragments for

YIncreasingly, clinicians in this country are coming to believe that
incomplete virologic suppression is either a compliance problem or
means that the correct combination of drugs for that patient has not
yet been tried. ” In either case it will be argued that improvement in
treatment is called for rather than enrollment in an experimental
clinical trial.

°Note that it may be necessary to use a cultured ELISpot assay'®
to reveal prevaccination cytotoxic T lymphocyte (CTL) responses
in subjects who have been on antiretroviral therapy so long that few
effector T cells remain in circulation.

"The fragments should probably be (1) gag, (2) pol, (3) tat/rev/
nef, (4) vif/vpr/vpu. The HIV-1 envelope protein is not proposed for
optimization for a CD8 response-based vaccine for two reasons: (1)
it likely contains the most targets for epitopically specific responses
that are easy to escape from, which could detract from more useful
targets as it is the virus protein with the greatest sequence vari-
ability, and (2) cytotoxic responses against epitopes in envelope
could impair antigen presentation if a way is found to induce a
neutralizing antibody response against envelope in a future vaccine.
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testing to avoid extremely immune-dominant epitopes in
some HIV antigens masking the presence of useful epitopes
in others. To reduce the number of studies it will be best to
first test a single HIV antigen in the three competing construct
designs (consensus, mosaic, and conserved) so that the best
overall construct design can be used for the separate antigens.
The best antigen to use for these tests is probably gag as the
quality and quantity of cellular responses to gag have already
been implicated in viremia control in HIV infection.'”

The proposed set of clinical studies would test each of the
three first-generation gag construct designs in 30 to 40 sub-
jects looking for expansion of CD8 responses to epitopes not
previously seen by the HIV-infected trial subjects.® After
determination of the best construct design for gag the other
three sets of HIV antigens should be tested in the optimal
construct design determined for gag. These studies can
probably be performed in smaller groups of subjects as the
determination of the presence of useful epitopes for a ma-
jority of subjects will probably not require as many subjects
as determining the superiority of a construct design will.”
HIV antigens not observed to contain any useful epitopes for
a majority of subjects should not be included in a therapeutic
vaccine as they may only detract from final product efficacy.
The HIV proteins with useful epitopes in the best construct
design should then be combined into a small number of op-
timized immunogen constructs; manufacturing consider-
ations probably limit the number of separate constructs in a
final vaccine to six or fewer. These constructs will probably
then need to be tested in another 20-30 subjects to ensure that
immune competition does not compromise the effective an-
tigen presentation of the individual constructs.

At the end of this first stage of testing a single (or small set
of)) insert construct(s) will have been assembled that will
provide the broadest coverage of epitopic targets to give the
greatest therapeutic effect. This will provide the reliable,
active ingredients for the next stages of iterative clinical
testing, which will be more analogous to cancer chemotherapy
development. A comprehensive approach to optimal immu-
nogen construction at the start should enhance the possibility
of success with later stages of product development.

Other Factors That May Facilitate Clinical Testing
for Vaccine Immunogen Optimization

CDS8 responses are best generated against immunogen
sequences expressed from vaccine vectors that get into host
cells. Initiating the early studies will be accelerated by using
vectors that have already been in phase I or phase II clinical
trials. This is because the insertion of an HIV antigen (some
of which have also already been in some clinical trial) into a
vector backbone with a well-established safety record will
more quickly pass regulatory requirements.

€This number is not the result of a statistical analysis but simply
starts with the number (30) being considered for each group in
HVTN 106. A biostatistician must determine the actual group sizes
based on factors such as HLA frequencies, preexisting cellular re-
sponses, and epitopic density. Such an analysis has been done for
HVTN 106, which will be performed in uninfected subjects, but the
results may differ when preexisting responses in HIV-infected
subjects are factored in.

"The actual number of subjects per group should be determined
by a biostatistician.
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Fortunately there are many such vaccine vectors from
which to choose that have already been tested with HIV an-
tigen inserts (e.g., nucleic acid constructs, adenovirus vec-
tors, poxvirus vectors, alphavirus vectors, VSV). As testing
will be performed in HIV-1-infected subjects it may even be
possible to use the well-established Adeno5 vectors that have
been precluded from preventive HIV vaccine trials because
of the perceived risk of enhancement of HIV-1 transmis-
sion.?® Also, the magnitude of the immune response is certain
to factor into the size of any impact on virus suppression as
well as the ability to detect potentially important subdomi-
nant responses. Since most vectors/vehicles tested in humans
have not induced very strong responses to HIV antigens,'
heterologous prime/boosts, which enhance immune re-
sponses, will probably be necessary.

We could prime with a DNA plasmid construct (possibly
delivered by electroporation) and then boost with a viral
vector, or prime with the immunogen sequence inserted in
one viral vector and boost with the same sequence in a dif-
ferent viral vector.?' It would also probably be wise in the
first stage (of immunogen insert optimization) when testing
with single or small sets of antigens (analogous to treatment
with single drugs) to avoid using persistent vectors that could
stimulate a long-lasting monospecific response more easily
escaped from by virus mutation as this might preclude future
effective treatment of the early stage test subject with the
ultimate combination vaccine.

Next Stages of Iterative Clinical Testing

There are several distinct target populations that need an
immunotherapeutic HIV vaccine. Although the optimized
immunogen constructs identified in the proposed set of
clinical trials should be useful in all the different populations,
the same vaccine products (i.e., the immunogen constructs
inserted in vectors with or without adjuvants or adjunct im-
munotherapies) may not be optimal for all. Neither will the
same clinical endpoint assays be useful in different clinical
populations. So the next stages of development may need to
target each population separately.

The different adult target populations for a therapeutic
HIV vaccine are (1) HIV-infected adults on ARV therapy
with competent immune systems; (2) HIV-infected adults on
ARV therapy with few remaining CD4™ T cells; (3) HIV-
infected adults not fully suppressed on ARV therapy; or (4)
those not on ARV therapy at all.’ Similar categories exist for
newborns infected with HIV-1 but, as the newborn immune
system is not exactly like the adult immune system, thera-
peutic vaccine development for them may need to consider
other factors.

'While different combinations of primes and boosts have dem-
onstrated effectiveness in nonhuman primate studies, it must be
admitted that the breadth of immune responses (i.e., the number of
different epitopes recognized) that can be induced in humans has
been more limited. This emphasizes the importance of the explo-
ration of different vectors and vector combinations in the next stage
of iterative clinical testing, which will aim to expand/maximize the
breadth of the immune response as well as its magnitude.

JWith treatment guidelines increasingly recommending effective
ARV therapy for more categories of HIV-infected individuals it
may become difficult, practically and ethically, to perform thera-
peutic clinical trials in the third and fourth groups.



THERAPEUTIC HIV VACCINE DEVELOPMENT

The second stage of therapeutic HIV vaccine development
should probably start with the determination of optimal
vectors/vector combinations and immunization regimens for
the first adult population. Dosage, regimens, and vectors/
vector combinations should be optimized to provide the
greatest magnitude of CTL responses to the largest number of
different epitopes.

The best clinical endpoint assays for these optimizations
early on will again be viral suppression and epitopic-specific
ELISpot assays. Once an optimal combination regimen is
determined the ultimate test of an HIV immunotherapeutic
product will be an analytic treatment interruption. However,
this should be done only in subjects in whom there is a re-
alistic expectation of control (i.e., as evidenced by a signifi-
cant and substantial enhancement in the virus suppression
assay and a significant spreading of the immune response to
difficult-to-escape-from epitopes, as well as perhaps a mea-
surable reduction in cell-associated RNA).22

Treatment interruption runs a significant risk of doing
harm to the subjects by allowing expansion of what was a
small reservoir in subjects put on ARV therapy very early in
infection or in subjects whose reservoirs have decreased in
size because of many years of effective viral suppression on
ARV therapy. Thus it should not be used as an exploratory
assay but only to confirm expected efficacy. Demonstrated
efficacy in the first target population will justify a major
program to optimize a therapeutic vaccine for the other
populations, although preliminary studies to find useful ad-
juvants and adjunct immunotherapies could proceed in the
other populations in parallel.

Lessons for Preventive HIV Vaccine Development

This iterative clinical trial strategy for therapeutic HIV
vaccine development could provide the basis for a more
constructive interaction between the preventive and thera-
peutic HIV vaccine development fields. In the past, too many
therapeutic vaccine trials have been dual track efforts with
vaccines designed initially for prevention. Product develop-
ers have thought that by testing in HIV-infected populations
the path to testing would be quicker* and the positive results
generated would help them obtain the support needed for
expensive preventive vaccine licensure trials. Also, if the
vaccine has some effect in both populations it would expand
the market for any eventually licensed product.

These rationales have led investigators to fail to consider
the specific requirements of a therapeutic vaccine that may
differ from a preventive vaccine. What is proposed here is a
methodic and rapid way to sort through the many construct
design approaches (consensus, conserved, mosaic) and po-
tential candidate immunogen sequences (the HIV proteins)
for overcoming the virus sequence diversity and human HLA
polymorphism challenges posed by HIV-1. This work is es-
sential for a therapeutic vaccine where existing responses are
inadequate, but the results should truly inform both fields as
both are in need of optimized immunogen constructs. Also,

“They have reasoned that regulators may not be as concerned
about potential risks in a population suffering from a life-threat-
ening disease, but this is not true as with proper treatment HIV
infection is now viewed as a chronic rather than a life-threatening
disease.
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any work performed in the later stages on optimization of
doses, vectors, and immunization regimens may contribute to
preventive vaccine development. The same is the case for any
needed adjuvant or adjunct immunotherapy work. And all
these results will be quicker to obtain by iterative clinical
trials for therapeutic vaccine development.

Organization and Funding

The iterative clinical trial development model successful
in cancer chemotherapy is the starting point for a suggested
strategy for therapeutic HIV vaccine development. However,
it must be emphasized that although cancer investigators
could begin with iterative improvements to active drugs, the
first step in therapeutic HIV vaccine design must be discovery
of immunogen constructs with the potential for activity and
their optimization. This necessary very first stage would be
most efficiently performed if a single coordinating group or
consortium could decide on the insert constructs and their
design variations to be tested and coordinate their manufac-
ture with a single vaccine vector or vector combination for
the multiple inserts to be tested. Also, a coordinated clinical
testing and laboratory effort under the control of a single,
dedicated clinical trials group would contribute to the thor-
oughness of analysis and comparability of results.

These arrangements should allow the series of clinical
trials to be performed under the umbrella of a single IND
application, which also would accelerate the process. A co-
ordinated effort also requires that funders be prepared to
commit substantial resources to an extensive, coordinated
series of clinical trials so that all potential candidate antigens,
in the several sequence diversity covering concepts (con-
sensus, mosaic, conserved) and combinations, can be me-
thodically examined. Because the first stage is exploratory,
rather than product testing, it is hoped that the academic
investigators who have hypothesized solutions to the HIV-1
diversity problem will come together to contribute their de-
signs to this effort as scientific tests of concepts. Failure to
show effectiveness under the different and probably more
stringent conditions of a therapeutic vaccine setting will not
preclude the usefulness of any antigens/immunogen designs
in a preventive vaccine setting so that may make these
comparative studies less worrisome to concept ‘‘champions.”

What is proposed here is clearly different from the standard
product development approach in which a product ‘‘cham-
pion” or manufacturer conceptualizes the complete product
and then takes it down the well-formulated path of safety,
activity, and finally efficacy trials. The standard path has clear
advantages for final product development, licensure, and
distribution because it engages manufacturers and their re-
sources at an early stage. However, the standard path is not
well-suited to the large amount of exploratory work that must
be done in humans for the first step described above as nec-
essary for efficacious therapeutic HIV vaccine development.

Conclusions

An iterative clinical trials approach is proposed for thera-
peutic HIV vaccine development. The first step in such a
process for a CD8 response-based vaccine should involve
methodical testing of all HIV-1 antigens to determine the
optimal inserts to use in vectored vaccines. This process will
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require an organized consortium or collaboratory to oversee
manufacture and clinical testing as well as judge optimal
candidate immunogens based on the clinical assay results. As
the cost of manufacturing and clinical testing continues to
rise the funding of this consortium may even require a con-
sortium of funders. An advantage of this process being or-
chestrated by a consortium/collaboratory of investigators
funded by a consortium of funding agencies is that such a
consortium could also ensure reasonable access by all repu-
table manufacturers to optimized antigens for further product
development. The initial process may take 3 to 5 years. This
first step will definitely require the major funders to work
together on the organization and control of the effort.

This organization of iterative studies is not proposed as a
complete substitute for more standard product development,
but rather to better inform the earliest step in product de-
velopment (antigen and immunogen sequence selection).
Once optimal immunogens are determined vector selection
and adjuvant and adjunct immunotherapy selection could be
performed in the same way (overseen by a consortium) or the
process could be opened up to competition by more con-
ventional product champions. Standard phase III efficacy
trials will still be required before licensure, and engagement
of manufacturers and product champions may be crucial for
that. This is not an either/or proposal because while immu-
nogen optimization studies are taking place, it is expected
that others will continue to pursue the more standard product
development path in parallel efforts. However, if those other
efforts fail, then the next set of therapeutic HIV vaccine de-
velopment studies will proceed with more reliable immuno-
gens if we now commit to the tasks proposed here.

Lastly, an argument has been made for beginning thera-
peutic HIV vaccine development by methodically determining
the best HIV antigens and their optimal construction(s).
However, it must be acknowledged that this is not the only
place to start, nor is it certain that it is the best place to start. It
may be better to start by determining which vectors/vector
combinations give the maximal responses; this could facili-
tate subsequent sorting through problems of epitope im-
munodominance by enhancing the detection of all epitopic
responses.

What is clear though is two things. First, the complexity of
issues in therapeutic HIV vaccine design is best addressed
one at a time. Second, while some of these issues can be
addressed theoretically in animal models, the incredible se-
quence diversity of HIV-1 with the great polymorphism in
antigen presentation in the human population requires that
many of these issues be worked out by human clinical studies.
This proposal to start with immunogen optimization by a
methodical series of small human clinical trials will at least
provide a much needed boost to the field of therapeutic HIV
vaccine development.
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