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[SPOTLIGHT]

Vaccine Research Gains Momentum

The AIDS Vaccine 2009 conference drew a record number of attendees to what some researchers called the most positive meeting for the

field in years By Kristen Jill Kresge

DURING THIS YEAR’S ANNUAL AIDS vaccine
conference, which was held from October
19-22 in Paris, there was a renewed sense of
optimism among the nearly 1,000 research-
ers and policymakers in attendance, the
largest crowd in the nine-year history of the
conference. “It’s not time for being pessimis-
tic. This should be a conference of hope,”
said Michel Sidibé, executive director of the
Joint United Nations Programme on HIV/
AIDS, who spoke at the opening session of
the conference.

This sense of hope was fueled in part by
recent results from clinical trials. Less than
a month earlier, the initial results of the
RV144 trial—a Phase IIb trial in Thailand
of two vaccine candidates administered
sequentially in what is referred to as a prime-
boost regimen—provided the first evidence
of possible protection against HIV infection
through vaccination. “We have the first sig-
nal, modest as it may be, of efficacy. Now
that I see this very small signal, I believe an
HIV vaccine is feasible,” said Anthony
Fauci, director of the US National Institute
of Allergy and Infectious Diseases (NIAID).

Several advances in pre-clinical research
were also showcased in Paris, including
promising news about newly discovered
antibodies against HIV, which also con-
tributed to the newfound optimism among

researchers. Alan Bernstein, executive
director of the Global HIV Vaccine Enter-
prise, called the quest to develop an AIDS
vaccine “a robust, active field of research
that is moving ahead very rapidly.”

This is quite a transformation from two
years ago when the field was grappling with
the sobering results from the STEP trial—a
Phase IIb trial of MRKAdS, a vaccine candi-
date developed by Merck. The STEP trial
showed not only that MRKAdS did not
reduce the risk of HIV infection or the
amount of virus in individuals who became
infected despite vaccination, but that there
was actually a trend toward an increased risk
of HIV infection among certain sub-groups
of vaccinated volunteers. While researchers
will now focus on trying to understand why
the vaccine candidates tested in RV144 may
have provided some protection against HIV
infection, researchers affiliated with the
STEP trial are still trying to unravel the rea-
sons why this vaccine candidate failed.

Data from RV144 unveiled

In September, researchers from the US
Military HIV Research Program (MHRP)
and the Ministry of Public Health in Thai-
land reported that the prime-boost regimen
tested in RV144 had modestly reduced the
risk of HIV infection, but had no impact on

the amount of virus circulating in individu-
als who became HIV infected despite vac-
cination. In Paris, additional data from
RV144 was presented to a standing-room
only crowd in a special session that was
added last minute to the meeting agenda.
Supachai Rerks-Ngarm, principal investiga-
tor of RV144, explained three analyses of
the trial results, which were also published
online in the New England Journal of Med-
icine at the conclusion of the special session.

The first analysis, known as the intent-
to-treat analysis (ITT), was based on the
entire trial population of 16,402 volun-
teers. Individuals who were already HIV
infected were excluded from RV144. How-
ever, after the six-month period during
which the six shots of either vaccine or pla-
cebo were administered, investigators dis-
covered that seven volunteers (five in the
vaccine group and two in the placebo
group) had actually been HIV infected at
the start of the study, their infections just
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weren’t detected. When these seven indi-
viduals were included in the statistical anal-
ysis, the estimated efficacy of the vaccine
candidates was 26.4%—a result that was
not statistically significant (see Primer, this
issue, for more about the statistical analyses
of RV144).

A second analysis, known as the modi-
fied-intent-to-treat analysis (mITT), excluded
the seven individuals who were infected at the
start of the study. By this analysis, the efficacy
of the vaccine candidates was estimated to be
31.2%, a statistically significant finding.
These were the results initially reported in
September. Rerks-Ngarm called the mITT
the “most preferred analysis because it is less
likely to introduce bias into the results.”

A third analysis, known as per protocol
(PP) analysis, excluded 3,853 volunteers who
did not receive all of the injections on sched-
ule, as well as those individuals who became
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HIV infected during the six-month injection
period. Based on this much smaller number
of people who adhered to the study protocol
exactly, the estimated efficacy of the vaccine
candidates was 26.2%, which was not a sta-
tistically significant result.

“All three analyses showed the same
trend and one, which included the most data
and the least bias, was statistically signifi-
cant,” said Nelson Michael, director of
MHRP. Leading up to the AIDS vaccine con-
ference, there was some controversy sur-
rounding the decision made by trial investiga-
tors to release only the mITT analysis when
they firstannounced the results in September.
But in Michael’s opinion, the mITT analysis
was the most relevant for this trial. Research-
ers tend to favor data from the ITT or mITT
analysis because it more accurately reflects
how well the vaccine would work outside of
the setting of a clinical trial. “It’s important
to understand how a vaccine performs under
more typical conditions,” added Michael.

Fauci said that regardless of the analy-
sis, the findings from RV144 appear to be
biologically significant and warrant further
study. The focus now is on how these vac-
cine candidates may have provided some
degree of protection against HIV infection.

Four scientific advisory groups have
already been set up to decide which tests to
run on the samples collected from volun-
teers during the trial, as well as to consider
which companion studies can be conducted
in animal models. The focus of these groups
will be trying to tease out the specific
immune responses induced by these vaccine
candidates that led to protection, which are
referred to as the immune correlates of pro-
tection. The establishment of immune cor-
relates would be a huge advance for the
field, but will likely not come easily.

Investigators have just started the pro-
cess of analyzing the immune responses
induced by the candidate vaccines. “We
have a very unclear pathway ahead to figure
out exactly what correlates with this
effect,” said Michael.

In his presentation at the conference,
Michael pointed out two intriguing questions
that have already emerged from the RV144
data. One is whether the modest protective
effect of the vaccine candidates was limited to
individuals who were at low risk of HIV
infection. In the trial, the efficacy of the vac-
cine candidates seemed to be higher among
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individuals who reported being at low-risk of
HIV infection as compared to those who said
they were at high risk or who had engaged in
what is considered a high-risk activity (shar-
ing a needle, having sex with an HIV-infected
partner, working as a commercial sex worker,
or having multiple sex partners, among oth-
ers). Another provocative question is whether
the protective effect of the vaccine candidates
waned with time. Data from the trial suggests
that the efficacy of the vaccine candidates
may have decreased over the first year follow-
ing vaccination.

However, the trial was not designed
specifically to answer either of these ques-
tions. Still, these observations will likely be
studied in coming months. “These hypoth-
eses merit further investigation and we are
assembling experts to interpret the results
and to maximize the knowledge gained
through this study,” said Michael.

Data still emerging from STEP

If the STEP trial is any indication, it
may take some time before researchers are
able to fully unravel the findings of RV144.
Investigators working on the STEP trial are
still collecting data from volunteers and
generating hypotheses about the effects of
MRKAGJS two years after immunizations
were stopped early because the vaccine was
found to be ineffective.

Initially, investigators observed a trend
toward more male volunteers in the vaccine
group becoming HIV infected if they were
uncircumcised, and if they had pre-existing
antibody immunity from natural exposure
to the strain of the common cold virus (ade-
novirus serotype 5, AdS5) that was used in
the vaccine candidate as a vector to deliver
non-infectious HIV fragments to the
immune system.

Between October 2007 and January of
this year, 48 additional volunteers in the
STEP trial have become HIV infected
through natural exposure to the virus. And
although investigators still see an increased
risk of HIV infection among uncircumcised
men who received MRKAdS5 as compared to
those who received placebo, the trend
toward more infections among those with
pre-existing Ad5 immunity is no longer evi-
dent, according to Susan Buchbinder, prin-
cipal investigator of the STEP trial. “What-
ever effect we were seeing [with AdS5]
appears to have gone away,” she said.



Whether this indicates that the increased
risk of HIV infection associated with AdS
immunity occurred early and then waned
over time or that Ad5 immunity actually did
not have any effect on risk of HIV infection
is still unclear, added Buchbinder. However,
she cautioned that all of this data must be
interpreted carefully because it was collected
after volunteers were told whether they
received the vaccine candidate or placebo, a
process called unblinding, which could
affect risk behaviors taken by the volunteers.
Investigators initially observed a decline
in self-reported risk behavior among vaccin-
ees with AdS immunity following unblind-
ing, but the level of risk behaviors have
increased again with time. “We’re not able
to more thoroughly reduce risk in these
study participants even when we tell them
that there is a potential increased risk of
[HIV] acquisition,” said Buchbinder.

New antibodies

While RV144 dominated much of the
news at the conference, scientists were also
encouraged by the discovery of several
potent new antibodies—Y-shaped proteins
that bind to HIV and stop the virus from
infecting cells. For the first time in a decade,
researchers have discovered new antibodies
against HIV from HIV-infected individuals
that will offer clues about how to design
improved AIDS vaccine candidates.

Most, if not all, existing vaccines work
because they train the body’s immune sys-
tem to produce antibodies. The influenza
vaccine, for example, stimulates the produc-
tion of flu-specific antibodies. When a vac-
cinated person is naturally exposed to the
influenza virus, these antibodies bind to the
virus and inactivate or neutralize it, thereby
protecting the individual from getting sick
with the flu. But inducing antibodies through
vaccination that could neutralize or disable
the diverse subtypes or clades of HIV in cir-
culation, so-called broadly neutralizing anti-
bodies, has been challenging.

Researchers have been trying a reverse
engineering approach. “You have an anti-
body and you try to work backward to how
you would elicit that,” said Peter Kwong,
chief of the structural biology section at the
Vaccine Research Center (VRC) at NIAID.
But until recently, researchers only had four
antibodies, which were considered broadly
neutralizing, to work with. And efforts to

design vaccine candidates to induce these
antibodies have been unsuccessful so far.

This led researchers to try to find other
broadly neutralizing antibodies and recently,
five new broadly neutralizing antibodies were
discovered. Two of these antibodies, known
asPG9 and PG16, were identified by IAVI sci-
entists in collaboration with researchers from
The Scripps Research Institute in La Jolla,
California. Through an effort known as Pro-
tocol G, TAVI researchers collected blood
samples from 1,800 HIV-infected individuals
at clinical research centers around the world.
Two biotechnology companies, Monogram
Biosciences in San Francisco and Theraclone
Sciences in Seattle, Washington, then played
pivotal roles in isolating both PG9 and PG16
using novel technologies. Both antibodies
were discovered from a sample collected from
asingle African donor. These are the first anti-
bodies to be isolated from an individual
infected with a subtype of HIV that circulates
primarily in developing countries.

PGY and PG16 are able to neutralize
many laboratory strains of HIV, including
some that cannot be neutralized by the four
previously identified antibodies. PG9 and
PG16 are also able to neutralize at relatively
low concentrations of antibody, which means
that a vaccine may not have to induce large
amounts of these antibodies to confer protec-
tion. These findings were published in Sci-
ence magazine in September and presented at
the AIDS vaccine conference by Sanjay Pho-
gat, a principal scientist at IAVI’s AIDS Vac-
cine Design and Development Laboratory.

The PG9 and PG16 antibodies bind to a
different site on the protein spikes that coat
the surface of HIV than those previously
described, providing a new target for AIDS
vaccine researchers to exploit. This site offers
an advantage because it is more accessible to
antibodies. “It’s fair to say that it [the site on
the virus where PG9 and PG16 bind] is a new
vaccine target,” said Phogat. Researchers at
TAVIwill now turn their focus to this binding
site and try to utilize it to design immuno-
gens—the fragments of the virus that are
included in vaccine candidates to invoke an
immune response. “The aim is to design vac-
cine candidates that prompt the immune sys-
tem to produce similar neutralizing antibod-
ies,” said Dennis Burton, a professor of
immunology at Scripps and scientific director
of the TAVI Neutralizing Antibody Center.

And now that this method for isolating

antibodies has been
identified, scientists 4
predict that it may 1
lead to other new =
discoveries. “We
expect to identify
additional anti-
bodies and novel
targets on HIV in
the near future,” said
Burton.

Three additional broadly neutralizing
antibodies, one of which is a variant of
another, were also recently discovered by
researchers at the VRC. Gary Nabel, direc-
tor of the VRC, presented data on one of
these antibodies, known as VRCO01, at the
conference. VRCO1 binds to HIV at what is
known as the CD4 binding site because it is
also where the virus binds to human CD4*
T cells, the primary target of the virus. Small
quantities of VRCO1 are capable of neutral-
izing more than 90% of 89 different tier 2
viruses, which are considered by researchers
to be more difficult to neutralize. VRCO1
can also neutralize many clade A, B, and C
viruses in the laboratory at very low concen-
trations of antibody.

Nabel also reported that scientists at the
VRC tested an immunogen—Dbased on the
site on HIV where VRCO1 binds—in rab-
bits and found that it stimulated the pro-
duction of antibodies. “These are not
broadly neutralizing antibodies, but really
this is the first time in animals that we’ve
had the ability to immunize and elicit anti-
bodies that will neutralize,” said Nabel,
who called these experiments “guides for
vaccine development.”

In his concluding address, Fauci high-
lighted the discovery of the new antibodies
by TAVI and the VRC as key findings of the
year. He also highlighted other work from
Burton’s group that shows that high levels
of neutralizing antibodies may not be
required to block HIV infection, as well as
observations that suggest that the version
of HIV that establishes an infection may be
easier to combat than HIV circulating in a
chronically infected individual. Together
these findings go a long way toward inspir-
ing optimism. “We are at the beginning of
anew phase of HIV vaccine research,” said
Yves Levy, co-chair of the conference. m

Regina McEnery contributed to this article.
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Understanding the Statistical Analysis of
Clinical Trial Results

What are some of the statistical methods that are used to interpret AIDS vaccine trial results? By Regina McEnery and Kristen Jill Kresge

AIDS VACCINE CANDIDATES are evaluated
for safety, their ability to induce immune
responses against HI'V, and ultimately their
efficacy in randomized, controlled, double-
blind clinical trials (see VAX Oct.-Nov.
2007 Primer on Understanding Random-
ized, Controlled Clinical Trials). Biostatis-
ticians, who specialize in statistical analy-
sis, play an important role in how these
trials are designed, as well as how the
results are analyzed and interpreted.

For the first time, the recently com-
pleted RV144 trial in Thailand provided
some indication that a combination of HIV
vaccine candidates could provide some
degree of efficacy (see Spotlight article, this
issue). Although statistical analyses can be
complex, understanding them is essential
to proper interpretation of clinical trial
results, including those from RV144.

Trial size

One statistical calculation that occurs
before a trial begins is the sample size or the
number of volunteers that need to be
enrolled. Some of the volunteers enrolled
receive the vaccine candidate(s), while others
receive an inactive placebo. All volunteers in
clinical trials receive risk-reduction counsel-
ing and available HIV prevention strategies,
such as condoms, as a way to reduce their
risk of infection. Still, some individuals in
both vaccine and placebo groups will
become HIV infected during the trial
through natural exposure to the virus.

Having an accurate estimate of HIV inci-
dence rates—the number of people who are
newly infected with HIV per year—in the
population that will be involved in the study
is therefore useful in determining the trial size.
If the overall incidence in the trial population
is low, more volunteers are necessary. Biostat-
isticians determined that 16,000 volunteers
would need to be enrolled in the RV144 trial
because volunteers were recruited from the
general population and not from specific pop-
ulations known to be at an increased risk of

HIV infection—such as injection-drug users
or men who have sex with men.

Some trials are also designed to continue
until a pre-determined number of HIV
infections or endpoints occur. This doesn’t
require having as precise an estimate of HIV
incidence: if the HIV incidence is low, the
duration of the trial is longer. The precision
with which the efficacy of the vaccine is
determined is based on the number of HIV
infections that occur during the study, not
the total number of volunteers involved.

Efficacy and confidence intervals
The key to determining the efficacy of a
vaccine is comparing the number of HIV infec-
tions that occurred in the vaccine and placebo
groups. If more infections occur in volunteers
who received placebo, as was the case in
RV144, researchers can then estimate the effi-
cacy of the vaccine candidates. In RV144, 74
infections occurred among volunteers in the
placebo group, while 51 occurred among
those who received the full prime-boost regi-
men. Based on this result, biostatisticians esti-
mated that the efficacy of the vaccine candi-
dates was 31.2%, which means that the
vaccine recipients had a 31% lower risk of HIV
infection than those who received placebo.
But 31.2% is just the best estimate of the
vaccine efficacy. Biostatisticians also calculate
something known as a confidence interval,
which is a range of values around the best esti-
mate of efficacy, all of which are contenders for
the actual efficacy of the vaccine. Confidence
intervals provide some perspective about how
precise the estimated efficacy is—the wider the
confidence interval, the less certain researchers
are of the actual efficacy of the vaccine candi-
dates. Take RV144 for example. In the origi-
nally reported results from this trial the confi-
dence interval ranged from 1.2% to 52.1%.
The efficacy of the prime-boost regimen could
be anywhere in that range, yet the most likely
efficacy is at the middle of that range, or
31.2%. Part of the reason that there was such
a wide confidence interval for RV144 was
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because there were relatively few HIV infec-
tions overall that occurred during the trial.

Statistical significance

If there is a difference between the number
of HIV infections that occurred in the vaccine
and placebo groups, researchers ultimately
want to know if this is because the vaccine
actually worked, or if it happened merely by
chance. There are several calculations biostat-
isticians use to try to determine this. One com-
monly used calculation is a p-value, and
although it doesn’t provide definitive informa-
tion about whether the vaccine effect is real, it
can provide evidence to suggest that the vac-
cine did have an effect. A p-value tells research-
ers how likely it would have been to get the
result seen in the trial (74 infections in the pla-
cebo group and 51 in the vaccine group), or an
even larger difference, if the vaccine had no
effect. The less likely this is to occur, the lower
the p-value, and the stronger the evidence is
that the vaccine actually did have some effect.

Based on the 74-51 split in infections in
RV144, statisticians calculated a p-value of
0.04. This means that if the vaccine had no
effect whatsoever, there is a 4% chance that
this split in infections, or an even larger one,
would have occurred anyway. P-values are
often misinterpreted. A p-value of 0.04 does
not mean that there is only a 1 in 25 chance
that the vaccine did not work at all, even
though this is how it is commonly described.

It is a widely held convention to call any
result with a p-value of less than 0.05 statis-
tically significant. However, the 0.05 cut-off
point was arbitrarily selected and so statisti-
cians recommend not using this threshold as
a hard and fast rule for judging whether the
vaccine’s efficacy is real. This is particularly
true if the p-value is just on the cusp of sta-
tistical significance, as is the case in RV144.
For example, trials with p-values of 0.06 or
0.04 provide virtually indistinguishable lev-
els of evidence for whether the vaccine effi-
cacy is real, even though one is statistically
significant and the other is not. m



