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In November 2007, a large multi-national trial called STEP, evaluating the lead candidate in
what the HIV vaccine field termed T cell based vaccines, was halted at its first interim analyses
because of the vaccine’s lack of efficacy 1+ 2. The vaccine candidate used in STEP included a
replication incompetent Adenovirus type 5 (Ad5) viral vector, and the objectives of the trial
were to investigate whether this candidate vaccine was able to reduce HIV acquisition or to
modulate viral load 3. This vaccine prototype first entered human clinical trials in 2000. The
initial clinical studies resulted in several modifications to the vector’s promoters as well as an
attempt to increase the breadth of the host response by the addition of the pol and nef genes to
the original gag construct. The final vaccine candidate which contained clade B sequences of
gag/pol and nef genes (MRK Ad5 gag/pol/nef) underwent an extensive series of clinical trials
between 2003-2006 which demonstrated detectable T cell immunogenicity as measured by
the ELISpot assay in about 80% of recipients with a median magnitude ranging 275-300 sfu/
million PBMCs, a frequency and magnitude greater than any other T cell based approach at
the time of the initiation of the STEP trial in 2005 4. More detailed analyses of the T cell
responses indicated that >50% of the persons with detectable ELISpot responses after
vaccination exhibited CD8+ T cells to HIV antigens and 50% exhibited CD4 positive
responses. Durability of the responses was prolonged (>6 months post last vaccination) > 6,
Thus, the lack of success of the vaccine, especially on controlling post infection viral load
(setpoint viremia) among vaccinated individuals who became infected has sent reverberations
throughout the scientific community for its implications on our ability to develop a globally
effective HIV vaccine.

The STEP trial involved 3,000 healthy, uninfected volunteers who were randomized to receive
a placebo or a vaccination. Vaccine recipients in the STEP trial were stratified by their prior
exposure to adenovirus into those who were considered seronegative to type 5 adenovirus
(<18), and those with low (18-200), moderate (200-1000) and high (>1,000) antibody titers
to Ad5 at enrollment; a stratification based upon the above phase 1 clinical trials that suggested
prior immunity to the vector reduced the vaccine’s immunogenicity.” VVaccination was given
at 0, 1 and 6 months and all enrollees were followed for HIV infection over time. Those who
became HIV infected had their infection confirmed and several measurements of their viral
load measured over the following 3-6 months. At the time of the analysis of the trial in
November 2007:8 84 cases of HIV infection had occurred over the course of the study; 82 of
the 84 cases occurred in men, about all of whom acquired HIV through sexual activity with
other men. One of the disconcerting and unanticipated findings from the trial was that among
men who entered the trial with prior adenovirus type 5 infection (AD5 titers >18), the incidence
of HIV acquisition was 2-fold higher among vaccinated versus placebo recipients (Table 1).
In contrast, the acquisition rate of HIV was identical among men who entered the trial
seronegative for Ad5 (relative incidence vaccine to placebo of 1.0). A more recent multivariate
analysis has shown that uncircumcised men, especially those who were Ad5 seropositive, had
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as much as a 4-fold higher rate of acquisition of HIV infection (95% CI 1.3-11); suggesting a
statistically increased rate of acquisition in this subgroup of uncircumcised men who were Ad5
seropositive, especially when compared with the lack of increased risk among circumcised
men with no pre-existing Ad5 immunity.?

Recently, the first data from the companion Phambili trial have become available.10 This trial
was conducted in South Africa and used the same clade B based vaccine, to investigate whether
the MRK Ad5 gag/pol/nef vaccine would demonstrate efficacy in a clade C region.. The trial
enrolled 801 participants before it was stopped. Of the 11 acquisitions reported to date, 9 were
among those seropositive to Ad5. HIV acquisition occurred in 6 who received the vaccine and
3 who received placebo; the 2 HIV infections in the Ad5 seronegatives at entry were split 1
and 1 in each group; ten of the 11 HIV infections were in women. These very preliminary
results from South Africa continue to provide evidence that pre-existing immunity to the Ad5
vector was an independent risk factor in the increased role of HIV acquisition among vaccine
recipients. The placebo in these clinical trials was a saline solution, thus limiting the ability to
evaluate the impact of the empty Ad5 vector on HIV-1 acquisition. This increased risk for
HIV-1 acquisition among persons entering the trial with prior Ad5 immunity was unanticipated
and not encountered in any non-human primate (NHP) challenge experiments using adenovirus
vectors11—14,

Why didn’t such a highly immunogenic vaccine control post infectious viral load and perhaps
more importantly how did prior Ad5 infection increase the frequency of HIV acquisition; an
observation that has implications for other vaccines using adenovirus vectors? Were immune
responses elicited by the vaccine lower in subjects who became infected as compared to those
who did not become infected? Was the quantity, quality, or breadth of the immune responses
suboptimal? While definitive answers to these issues are not yet available, several procedures
built into the STEP trial have started to provide some data of relevance to these issues.

ELISpot responses were measured in a random sample of 25% of all recipients at week 8, four
weeks post second dose of vaccine; the time period at which phase 1 studies had shown near
peak ELISpot responses. These analyses indicate that the frequency of responses as measured
by ELISpot in PBMC was similar between vaccinated persons who subsequently developed
HIV infection versus those who did not. Among Ad5 seronegatives these responses were 74%
vs. 76%for gag, 63% vs. 73% for pol, and 74% vs. 70% for nef for infected versus noninfected
vaccine recipients, respectively.? The ELISpot geometric mean titers (GMT) were also similar
in the two groups (~350 SFU/million PBMC). Interestingly, ELISpot responses in the STEP
trial in persons who had pre-existing immunity to Ad5 were somewhat lower than those in the
earlier phase | trials (GMT ELISpot responses ~170/SFC/million PBMCs) % 8: 11, However,
again no discernible differences were seen between those seropositive vaccinees who
developed HIV vs. those who did not, e.g., the ELISpot responses to gag were 46% and 54%
among those who subsequently acquired HIV versus those who remained uninfected during
follow-up, respectively. Interestingly, over 50% of the HIV specific CD8 T cells elicited after
vaccination produced yIFN alone and did not exhibit IL-2 or TNF responses, suggesting they
exhibited a less polyfunctional phenotype % 15, While these data are still preliminary, they
clearly indicate that the MRK gag/pol/nef vaccine was immunogenic, that vaccinated persons
who acquired HIV-1 did respond to the vaccine and no measurable differences in the overall
quality, quantity or magnitude of the response to vaccination have as yet been defined between
vaccine recipients who subsequently developed HIV versus those who did not. Thus, there
appears to be no obvious correlate between immune responses to the vaccination and the
acquisition of HIV infection. Perhaps this is not surprising, in that most authorities in the field
(including these coauthors) felt there was little likelihood that a vaccine containing just gag-
pol and nef genes would reduce HIV acquisition. Until an immunogen that elicits high levels
of neutralizing antibodies is developed, most authorities feel the most likely effect of T cell
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based vaccines will be on controlling post infectious viral load and lower mucosal tissue titers
of HIV-1.

NHP data has indicated that T cell based vaccines are more likely to control the post infection
course of HIV infection 13716, The analyses evaluating the association between the magnitude
or quality of the T cell response and post infection viral load is just being initiated in STEP
trial participants. While it is apparent that on a group basis there was little difference in setpoint
viremia and post acquisition viral load, data analyses are proceeding to see if a subgroup of
persons, e.g., those with very high responses to the vaccines had overall lower loads of setpoint
viremia. As control of setpoint viremia was hypothesized to be the most likely endpoint for the
study, we must await these analyses before one can determine if the STEP trial provides us
with some leads on whether T cell responses after vaccination influenced viral load or CD4
cell count depletion post HIV acquisition.

Epitope Specific Responses

One of the central hypotheses of the STEP trial was that T cell responses to the conserved
regions of the HIV gag-pol and nef genes would be elicited, and that the immune responses
elicited by the vaccine would “match” the strains circulating in the population and result in
reduced HIV acquisition or disease progression 17: 18, At present, data defining whether the
epitopes elicited by vaccination are commonly found in the infecting strains are not available.
In other words, is the lack of vaccine efficacy related to the lack of epitope coverage from the
vaccine? Available data from phase 1 studies indicated an average of one epitope per gene
product in most vaccine recipients.1® This in itself is of interest in that biometric analysis of
the sequence data from the gag, pol and nef genes in the MRK vaccine indicates that there are
potentially over 150 epitopes contained in the gag vaccine insert and over 50 in pol and nef.
19 yet, immunodominance is displayed in nearly all people. 20 The initial data on epitope
mapping from the phase 1/2 trials suggest that most of the gag epitopes elicited from
vaccination are present in circulating strains in Clade B populations, but for multiple epitopes
the coverage may be as low as 30% of circulating strains. 1% 21 This narrowness of the immune
response may be an important factor in the vaccine’s overall lack of efficacy. Studies on full
length sequences of infecting isolates from the 82 cases are underway by Drs. Francine
McCutchen and James Mullins, and the sequences of the infecting isolates will be analyzed
with those epitopes that were elicited prior to and after infection. Additional evaluations will
focus on the viral load levels among persons who made significant numbers of CD8+ T cells
that “matched” the infecting strain of HIV-1 versus those who did not. Designing and
developing T cell vaccines that elicit T cell responses to multiple conserved regions of HIV
should be a major area of emphasis for subsequent T cell based vaccines.

Several biometric proposals to design inserts that are more likely to elicit a diverse set of
epitopes to circulating strains have, in the last 12 months, been described 22-24, Whether such
an approach will overcome the immunodominance one sees with the current viral vector
vaccines is unclear. What is clear is that strategies must be developed to elicit greater epitope
breadth to provide more optimal T-cell responses to subdominant responses which may provide
more optimal matching of vaccine elicited T-cell responses to the diverse array of circulating
strains of HIV.21 Immunization with a variety of peptides matching defined CD8 epitopes
would be an attractive approach for accomplishing such a goal. However, to date, peptide based
vaccines have not been shown to be immunogenic in humans, either when given as protein or
with a viral vector such as a poxvirus.2® It may be that alternative approaches to achieve breadth,
e.g., protein subunits conjugated to adjuvants capable of eliciting CD8+ T cell responses may
be necessary.26 Recent evidence has shown that continued boosting with homologous vectors
changes the T cell response to vaccination and appears to also enhance immunodominance.
27 Strategies to use more complex heterologous vectors with heterologous inserts given at
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separate sites and times should be investigated. Such approaches require more complex
vaccination regimens and combinations of vectors; but data are present that such an approach
will likely be required to improve T cell breadth. 28

Assessing the “quality” of Vaccine Induced T Cell Responses

Recently several groups have stressed that T cells that exhibit a variety of functions
(polyfunctional cells) appear to be more effective in controlling experimental viral infections
than cells that exhibit a more selective phenotype 2°. Some studies on the clinical course of
HIV-1 have associated T cells, especially CD4+ T cells exhibiting both IL-2 and IFNy
responses with better control of disease 3% 31, Polyfunctional T cells have been associated with
protection from Leishmania infection and have been elicited by vaccination with vaccinia and
yellow fever vaccination 32734, The techniques for describing these polyfunctional cells are
based on surface marker expression, and at present studies define “associations” between such
cells and do not provide mechanistic proof of phenotypic function. Unfortunately, an adoptive
transfer model to presently define what type of polyfunctional cells are most likely to control
HIV replication has not been devised. Thus, quantitative methods to define what types of
immune functions are associated with control of HIV replication are needed. Complicating this
issue are data to show that innate immune responses influence both the qualitative and
quantitative features of adoptive immunity 12. Hence, even if the required responses are well
defined, eliciting such responses may require considerable empiricism. NHP studies may be
useful in advancing knowledge about these questions and provide direction for future
immunogen design and testing. However, at present, only human clinical trials are likely to
provide insight into defining whether a particular type of response is effective in modifying
HIV-1 replication.

Increased Acquisition of HIV in Persons Who Entered the STEP Trial with
Proven Ad5 Immunity

The most surprising finding from the STEP trial was the 2-fold increased risk of HIV
acquisition among Ad5 seropositive persons, an effect not seen in any prior NHP studies of
Ad virus vectors. Whether this risk is biologic or confounded by behavior or other factors such
as geographic clustering of cases or infection with strains of unusual virulence is as yet unclear.
There were distinct differences in Ad5 seroprevalence between sites; Ad5 seronegative subjects
were two times more common in North America than in South America or the Caribbean.
However, among placebo recipients, infection rates were higher in Ad5 seronegative than
seropositive persons, albeit not statistically different (Table 2).

At present, some degree of uncertainty still exists about whether the increased acquisition in
Ad5 seropositives who received the vaccine has an underlying biologic mechanism. However,
as shown in Figure 1, among placebo recipients there was no statistically significant increase
in HIV acquisition between Ad5 seropositive versus Ad5 seronegative men and that in both
univariate and multivariate analyses. No increase in HIV acquisition was seen among Ad5
seronegative men or women who received the vaccine. These latter data indicate that trials of
adenovirus vector vaccines for HIV (as well as other diseases in HIV at risk populations) can
be safely conducted in Ad5 seronegative persons.

Several hypotheses for explaining the increased susceptibility to infection after vaccination
among Ad>5 seropositive versus seronegative persons have been put forth; these include.

1. Receipt of the vaccine boosted adenovirus specific T cells (especially CD4+ T cells
and especially at mucosal sites) among persons with previous immunity to the vector.
This increase in activated target cells resulted in increased susceptibility to infection
following high risk sexual behavior.
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2. Prior Ad5 immunity “skewed” the immune response to the vector and reduced innate
immune response to HIV-1 infection and hence led to higher acquisition rates in
sexually exposed men.

3. Prior immunity produced some “enhancing” antibodies which led to increased
susceptibility to infection.

Additional explanations or a combination of all three hypotheses are also possible. One of the
intriguing factors about the increased rate of acquisition is that 100% of the HIV acquisition
in the STEP study occurred after the second dose of vaccine. Thus, most of the adenovirus
seronegative persons had likely seroconverted to adenovirus and exhibited evidence of
adenovirus specific CD4+ and CD8+ T cell responses by the time of HIV-1 acquisition. Any
mechanistic explanations for the difference in acquisition rate of HIV between Ad5
seropositive versus Ad5 seronegative must account for this observation. One suggested
explanation may be due to “imprinting” of a certain phenotype, e.g., homing to mucosal sites
from natural mucosal Ad5 infection rather than from IM injection of the replication
incompetent vector. Regardless of the eventual explanation, one of the lessons learned from
the STEP trial is the need to assess mucosal and tissue specific immune responses to both the
vector and HIV vaccine inserts in future clinical trials.

The collaborators in the STEP and Phambili trials (HVTN and Merck research labs) have
initiated several modifications to the ongoing STEP and Phambili trials to attempt to answer
the above questions. Biopsies of mucosal tissue sites among vaccinees are underway to evaluate
whether the quantity or quality of T cells present in such sites differ between those with
naturally acquired Ad5 infection versus those with Ad5 immunity induced only by vaccination.
As most of the STEP recipients had received their last vaccination 6-11 months prior to these
mucosal studies, this approach, while necessary, may not be optimal. Ideally, a prospective
trial to evaluate such issues should be conducted to provide optimal information regarding the
tissue specific T cell responses after adenovirus vaccination. As defining a potential mechanism
for acquisition is essential for the continued development of adenovirus based vectored
vaccines, we hope the availability of the immunogens to perform such investigations will be
forthcoming. It is clear that for the T cell vaccine field answering these questions are of
fundamental importance. As such, the trial sponsors, Merck Research Labs, NIAID and the
HVTN have also established a scientific review committee to lead the scientific program being
developed to evaluate these issues. The outside investigative community has been asked to
participate in a process to submit ideas for funding. The application process and review is
described on the HVTN website (www.HVTN.org).

The STEP trial has been a milestone event in the area of T cell based vaccines. It has resulted
in several unique scientific contributions to the HIV field. These include the use of test of
concept trial for defining vaccine efficacy for prototype vaccines; evidence that HIV 89.6P
challenge in genetically sensitive animals (MAMU-A*01 or B*08) should not be used to gauge
vaccine effectiveness and that vector induced immunity should be tightly evaluated in the
course of immunogen development. While the STEP trial clearly did not produce an effective
vaccine, the critical isolates and immunologic assays that will define if there are correlates
between host responses to vaccination and post infection control of viremia are just being
analyzed. These data will be central to resetting the immunological measurements that should
be made on future vaccine candidates.
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Figure 1.
Kaplan-Meier Plot (% Failure) For Subjects who Received Placebo: MITT* population (males)
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Table 1
Incidence (95% CI) per 100 person years of HIV Infection MITT population (males)

1duasnue Joyiny vd-HIN

Baseline Ad5 titer Vaccine V Placebo P Relative Incidence (V:P)

<18 4.0(25,6.3) 4.0(25,6.2) 1.0 (0.5, 2.0)
19-200 4.4(1.9,88) 2.2(0.6,5.5) 2.1(0.6,9.3)
201-1000 6.1(3.3,10.2) 3.0(1.2,6.2) 2.0(0.8,5.9)
>1000 4.4(1.8,9.1) 1.2(0.2,4.5) 3.5(0.7, 35.0)

<18 4.0(25,6.3) 4.0(25,6.2) 1.0(0.5, 2.0)

>18 5.1(3.4,7.3) 22(1.2,3.8) 23(1.1,4.7)

<200 4.2(2.8,6.0) 35(23,5.2) 1.2(0.7,2.1)

> 200 5.4 (3.3,8.2) 2.3(1.0,4.3) 2.4 (1.0,5.8)
Overall 4.6(3.4,6.1) 3.1(2.1,4.3) 1.5(0.9, 2.4)

18 is the LOQ for the Ad5 titer assay; includes all HIV cases thru Oct 17, 2007
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