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P-R-OCEEDI-NGS
8:45 a. m

CHAI RVAN MASUR: Good norning. Wl cone
to this session of the Antiviral Drug Advisory
Commttee. | am Henry Masur, the Chairperson.

W are going to have a series of
statenents and announcenents by Nancy Chanberlin,
t he Executive Secretary, in just a nonent. But |
would like to begin the neeting by introducing all
the menbers. So if we could start maybe wi th Bob
Redfield. |If each person could speak into the
m crophone and identify hinself or herself and
their institution. | see one of the problens is
that Dr. Redfield doesn't have a m crophone. But
maybe he coul d speak | oudly.

DR. REDFI ELD: Bob Redfi el d.

DR. FI SH: Doug Fi sh.

DR. PARENTI: David Parenti.

DR. Sl ECGEL: Jay Siegel, Ofice of
Ther apeuti cs, Research and Review, Center for
Bi ol ogi cs, FDA.

DR. WEISS: Karen Wiss, Division of
Clinical Trial Design and Analysis, Center for
Bi ol ogi cs, FDA.

DR. SCHW ETERMAN: Bill Schw etermn,

Center for Biologics, FDA
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DR. SCHOOLEY: Chi p School ey, guest,
Uni versity of Col orado.

DR. WONG. Brian Wng, Yale University.

DR. MATHEWS: Chris Mathews, UC, San
Di ego.

DR. YOGEV: Ram Yogev, Children's
Menori al Hospital in Chicago.

DR. CHAMBERLI N: Nancy Chanberlin, FDA,
Executive Secretary.

DR. FLETCHER: Courtney Fletcher,
Uni versity of M nnesot a.

DR. HAM LTON: John Ham | ton, Durham VA
Hospital, Duke University.

DR. FLEM NG Thonmas Fl em ng,
Uni versity of Washi ngton, Seattle.

DR. GULICK: Trip Gulick from Cornell.

DR. STANLEY: Sharilyn Stanley, Texas
Depart nent of Health.

DR. VALENTI NE: Fred Val entine, NYU and
Bel | vi ew Hospital.

MS. LEIN. Brenda Lein, Project Inform

CHAI RMAN MASUR: And Princy Kumar w ||
be joining us shortly. And we are expecting
M chael Saag, so that will round out the nenbers of
the Advisory Commttee and the consultants and

guests today. We now have sonme statenents and
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announcenents by Nancy Chanberlin, the Executive
Secretary of the Conmttee.

DR. CHAMBERLI N: Wel cone. The
foll owing announcement addresses the issue of
conflict of interest with regard to this neeting
and is nade a part of the record to preclude even
t he appearance of such at this neeting.

Based on the submtted agenda for the
meeting and all financial interests reported by the
commttee participants, it has been determ ned that
all interests in the firns regulated by the Center
for Drug Evaluation and Research present no
potential for an appearance of a conflict of
interest at this nmeeting wth the follow ng
exceptions. In accordance with 18 U.S.C. 208(b),
full waivers have been granted to Dr. Ram Yogev,
Dr. Thomas Flem ng, and Dr. Clifford Lane.

A copy of these waiver statenents my
be obtained by submtting a witten request to the
Agency's Freedom of Information Office, Room 12A-30
of the Parklawn Buil di ng.

In addition, we would |like to disclose
for the record that Dr. M chael Saag has interests
whi ch do not constitute financial interests within
the nmeaning of 18 U S.C. 208(a), but which could

create the appearance of a conflict. The Agency
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has determ ned, notw thstanding these interests,
that it is in the Agency's best interest to have
Dr. Saag participate in the commttee discussions
concerning the use of surrogate markers in the
early devel opnent of inmunonodul atory agents for
the treatnent of patients with H V.

Wth respect to FDA's invited guests
and guest speakers, Dr. Daniel Kuritzkes, Dr. Alan
Landay, Dr. Mchael Lederman, Dr. Donna M dvan,
Dr. David Parenti, Dr. Robert Redfield and M.
Brenda Lein have reported interests which we
believe should be mde public to allow the
partici pants to obj ectively eval uat e their
coment s.

Dr. Kuritzkes would Ilike to disclose
that he has contracts with Agouron, Roche, Visible
Cenetics, and Triangle. He also receives
consulting fees from Angen, Bristol Mers Squibb,
d axo, Roche, Trineres, Triangle and Viologic.
Further, Dr. Kuritzkes receives speaker fees from
Bristol Myers Squibb, Dupont, d axo, Merck, Roche,
Vi si bl e Genetics and Las Corps.

Dr. Alan Landay would like to disclose
that he has grants with Chiron and Agouron and
recei ves consulting fees from Chiron

Dr . M chael Lederman would Jlike to
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disclose that he has research contracts wth
Schering Plough and Chiron, is a co-investigator on
studies for Schering Plough and Chiron, and is a
consul tant to Schering Pl ough.

Dr . Donna M Ildvan would like to
di scl ose that she is the principal investigator on
grants from Schering Plough, Hoffmann-LaRoche and
Chi ron deal i ng with antivirals and
i mmunonodul at ors.

Dr . David Parenti is involved in
investigational trials from d axo Wellconme, Serono,
Merck, Chiron, G lead Sciences, Pharmacia and
Upj ohn, OXO Chem e, Dupont, Triangle, Agouron and
Bristol Myers Squi bb. He is also on 3 axo Wellcone
and Merck speaker bureaus, and is a consultant to
G axo Wellcone, Merck and Agouron. Further, Dr.
Parenti's mnor child owns stock in Bristol Mers
Squi bb.

Dr. Redfield would Ilike to disclose
t hat he is conducting clinical trials wth
interferon for Schering Plough and Hoffmann-
LaRoche.

Ms. Brenda Lein would like to disclose
that her enployer has wunrestricted educational
grants from Angen, Schering Pl ough, | mmunex,

Hof f mann- LaRoche and Chi ron.
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In the event that the discussions
i nvol ve any other products or firnms not already on
the agenda for which an FDA participant has a
financial interest, the participants are aware of
t he need to excl ude t hensel ves from such
i nvol vement and their exclusion will be noted for
the record.

Wth respect to all other participants,
we ask in the interest of fairness that they
addr ess any current or previ ous fi nanci al
i nvol vement with any firm whose products they may
wi sh to conmment upon.

CHAI RMAN MASUR: All right. Thanks very
much. We are going to begin our agenda with Jay
Siegel, who wll talk on the need for well-
characterized biomarkers and surrogate nmarkers.
Ckay, we are going to have Bill Schw eternman make
some comments and then we are going to deal wth
Jay.

DR.  SCHW ETERMAN: We actually are
begi nning the neeting with Siegel. | am just going
to provide a few brief opening comments here. Good
nmor ni ng and wel cone, everyone.

W at the Center, and | think we can
speak for the rest of the commttee, are

anticipating an exciting and hopefully productive

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

10

meeting of this particular advisory conmmittee to
answer sone I mpor t ant guestions about t he
devel opnent of bi omarkers and surrogate markers for
the field of imuno-based therapies for the
treatment of HIV.

We at the Center for Biologics have for
a nunber of years been offering guidance to
sponsors who are developing these therapies and
have worked closely with the community and with the
activists as well as with academ cians on the many
chal l enges and hurdles that investigators face when
devel oping their products in Phase | through Phase
LT

There is no question that there is a
need for new therapies given the toxicities and
some of the failures associated with the currently
exi sting reginens. And for these and ot her reasons,
we decided that a neeting of this sort, a gathering
of the experts, would be not only tinmly but
possibly a beginning of a, | think, fruitful
process by which these particular surrogate and
bi omar kers coul d be devel oped for this field.

So we have assenbled this neeting for
the follow ng purpose. | divided this purpose into
three different parts, and I will go through. The

purpose of this neeting is to facilitate the
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devel opnent of immune-based therapies for the
treatnent of H'V, and to do this by beginning a
productive I nteraction bet ween I nvesti gators,
academ ci ans, industry sponsors and patients and
t heir advocates on how to optimally devel op and use
bi omarkers for these therapies. It is a long
purpose, but | think it speaks to sone of the
conplications and conf ounders and chal | enges
involved with this. We very much believe that by
identifying and clarifying the issues regarding the
use of surrogates and biomarkers that we can
facilitate the devel opment of this field. And that
we also very nmuch believe that this can only be a
begi nni ng given that there are many issues and many
nuances to be discussed. And that finally it is
only through the devel opnment of these bionarkers
and surrogate markers that this field can be
optimally devel oped.

And so | very nuch want to thank the
commttee nmenbers and the speakers for assenbling
here, because | think we have an expert panel that
is going to be able to help us with this particular
pur pose.

There are many objectives of this
meeting. | have listed four central ones here. I

believe that the principle objectives of this
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meeting are to identify and clarify the follow ng
four areas. The usefulness and the |imtations of
bi omar kers; special challenges for biomarkers for
i mmune- based therapies; candidate biomarkers of
prom se for immune-based therapies; and finally, to
identify and clarify nmechanisms, and this is both
scientific and organi zational, by which this field
can be fostered and devel oped.

| should say just one quick word on the
use of the terns biomarkers and surrogate markers.
Because this is not an uninportant poi nt .
Bi omarkers, as others w Il wundoubtedly get into,
are neasures of product bioactivity. Par anet ers
that can be wused to characterize a particular
product with respect to any particul ar outcone.

Surrogates, by their definition, are
substitutes. Substitutes for another outcone
measure. In this particular case, alnost always we
are using surrogate markers for clinical efficacy.
And Dr. Flemng and others wll get into this
particular area and how it is very inportant to
di stingui sh these two concepts when discussing any
of this in a forum such as this.

Finally, my Jlast overhead is just a
brief overview of the agenda. W have assenbled

this morning's session into really three different
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sections with the afternoon then being devoted to
t he discussion and questions. Dr. Siegel and Dr.
Fox, if he gets out of traffic, wll discuss the
need for new therapies and biomarkers as an
i ntroduction.

And then there wll be a series of
di scussions by Dr. Landay and by Dr. Lane and by
Dr. Mldvan if she is feeling better, and perhaps
by Dr. Kagan if she is not, on the review of
candi date markers, disease pathophysiology and
clinical data. Dr. Lederman and Kuritzkes and
Flemng will discuss respectively the perspectives
t hey have on virologic imunol ogi c bionmarkers. And
then finally the usefulness and the limtations of
surrogate markers and biomarkers in the devel opnment
of therapeutics. And then finally, as | nentioned,
there will be an open public hearing and questions
to the commttee focusing on ways that we can
identify and clarify the I ssues, and very

i mportantly, ways that we can go forward from here.

So with that, | wll turn the podium
back to you, Dr. Masur.

CHAI RMAN  MASUR: Thanks very nmuch,
Bill. Now, with that introduction, we will nove to

Jay Siegel, who will talk -- do, | guess, the first
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of two presentations on the need for well-
characterized bi omarkers and surrogate markers.

Can everybody hear in the Dback?
Because | get the sense that maybe the m crophones
are not turned on. Could the audio people -- all
right. Can you hear now? | think you can probably
turn it up even a little bit nore. All right, can
you hear in the back now? Okay. Again, just raise
your hands if you can't hear. So, Jay?

DR. SIEGEL: Thank you very nuch. Good
morning. | want to thank the commttee for com ng
here to work with us on this inportant topic and
thank all the speakers as well. It is a pleasure to
attend this nmeeting as well as to address it.

el |, the need for Dbiomarkers for
i mmune- based therapies is apparent to everyone who
is involved in addressing this field. And whil e
there were sonme remarks about beginning to work on
this, I would like to acknow edge that many of you
and many of us, of course, have been working in
this area for five or ten years. But | think we
are, 1in fact, at a critical junction where we
under st and nmuch nor e many t her api es under
devel opment. | think this is an excellent tinme to
take stock of where we are and try to nove forward

as Dr. Schw eternman nenti oned.
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One critical need for biomarkers is to
optim ze therapies in Phase | and Il particularly,
but also in Phase 111. It is <clear in the
devel opnent of all therapies that there are |arge
nunbers of questions that need to be answered. And
in therapies for HYV infection, it 1is sinply
i npossible to answer all of them with neasures of
clinical benefit. What is the optiml dose,

regi men and route to adm nister a therapy.

For I mmunonodul ators in particular,
this could be quite critical. |In some cases, m nor
differences in dose or route can nmake the

difference between an immunizing effect and a
tol erogenic effect |like an opposite effect. Al so,

unli ke drugs, pharmacokinetics is often not useful

or not highly useful. For drugs, if you know an
active |evel, you can adjust the dosing to
phar macoki netics to get that level. |In effects for

i mune therapies, there is often not a sinple
relationship between serum |evels and effects.
Effects often persist well beyond the di sappearance
of levels fromthe serum

One also in mny cases needs to
optim ze the target population. WIIl a therapy work
best in patients who have active circulating --

hi gh levels of circulating HV, for exanple, or |ow
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| evel s. Patients whose inmmune function is still
relatively intact or patients whose imune function
is nmore inpaired and so forth and will they work
best in conmbination with other nedications. \hich
ones mmy inpair their ability to activate the
i mmune system and which ones wll protect that
ability perhaps by controlling viral infection.
Very many inportant questions.

O her needs, I nport ant needs for
bi omarkers for inmmune-based therapies, as for all
therapies, are to select anong the nmany candi date
therapies for further testing at all phases of
devel opnent. One needs to make guesses as to where
is the Dbest place to put one's resources,
particularly when one 1is speaking of clinical
trials, which can be lengthy and costly. And of
course to devel op bi omar ker s as pot enti al
surrogates for clinical neasures of efficacy.

Here | want to draw sonmewhat of a
contrast, but | think an inportant one, between two
of t hese uses of bi omar ker s and what
characteristics are desirable for their use. The
use to guide early drug devel opnent and the use to
devel op these biomarkers as surrogates. | have the
same characteristics |listed here, although in a

somewhat di fferent order
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To guide early drug developnent --

dose, rout e, regi men, pati ent popul ati on,
concom tant nmedications and the Iike. Critically
important is a sensitive and rapid neasure. One

needs a neasure that one can deal with. There are
so many questions and one can get answers from
dozens of patients. One needs a neasure that one
can -- again, because there are so many patients --
t hat one can get answers rapidly, typically a tine
frame of days to weeks is highly desirable if not
necessary. Of course, one needs a reproducible
measure. It is desirable for those neasures to
predict clinical benefit, but not perhaps critical.
One can optimze a therapy against its ability to
elicit antibodies or its ability to elicit CTL
responses and then determ ne whether that predicts
clinical benefit.
When | ooking to develop a biomarker for
a surrogate, which is to use in place of a neasure
of clinical benefit, the ability to predict
clinical benefit rises well to the top of the list.
Sensitivity and repetivity are inportant, but
repetivity -- but a surrogate marker can be quite
useful if it is sensitive enough to neasure effects
in hundreds of patients as opposed to dozens, and

it only needs to really work in a small nunber of
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critical trials to answer one -- or a small nunber
of critical questions. And simlarly, it can be
useful if it is measuring on the order of nonths to
a year or two. Again, it needs to be reproducible.

This is a remnder. | am sure all the
menbers of the conmttee are famliar with this.
But determ nations of efficacy, at |east as nmade by
the FDA for the purposes of product approval nmaybe
based on clinical endpoints. They may be based on
val i dated surrogate endpoints, endpoints that have
been shown to be predictive of clinical benefit for
a given disease and drug or drug cl ass. O they

may be best on surrogate endpoints which are

determned to be reasonably Ilikely to predict
clinical benefit, in which case approval IS
possi bl e under our accel erat ed approval

regul ati ons, which require confirmation of clinical
benefit in the post-approval period.

Now in developing a surrogate for an
i mmune- based therapy, some of the issues to
consider is of course at the present tine there is
not any definitive clinical efficacy data against
which to correlate surrogates for |inmune-based
therapy. So at this point we could not validate a
surrogate with such data. One can and should use

the available data to assess |ikely candi dates and
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that will be one of the focuses of this neeting.

And this is a point -- the next point
is an inportant point that is sonetinme overl ooked
and I do want to focus on for a couple of mnutes.
The data and conclusion from one class of
t herapi es, and notably antiviral drugs, for which
we have substantial efficacy data, may not apply to
therapies with different mechanisns, for exanple
various i nmmune-based therapies.

And that i's | argel y because the

mechani sm of action on a surrogate is critical to

the type of inference one can draw, and we will be
hearing nore about this, | am sure, from other
speakers. | will just quickly note, for exanple, an

antiviral therapy has a rather direct inpact on
viral |oad neasures. That inpact may be beneficial.
In fact, it has been proven for nmany drugs to
correlate with or predict clinical benefit.

Concei vabl y, it could al so be a
measurenent artifact. It could indicate decreases
in virus in the circulating departnent, but not in
other nore critical departnments or other potenti al
interpretations that mght be |ess predictive of
benefit.

But when you see if an antiviral effect

t herapy substantially affects an inportant inmune
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paraneter, that m ght suggest that the antiviral
effect is beneficial. That in sonme way -- for
exanple, if it is an CD4 count, it may in sone way
suggest that the antiviral effect is inpairing the
viral mediated destruction or inhibition of CD4
cells. Conversely, an immune-based therapy may
af fect sonme i munol ogi ¢ par aneters directly.
Dependi ng on the nature of the therapy, it my have
a direct effect on sonme paraneters and others may
be affected nore directly.

And possibly a decreased viral | oad
certainly would be suggestive that an inmmunol ogi cal
effect -- that the i nmunol ogical effects are
beneficial . If you have a drug that affects the
i mmune system and secondarily you see a change in
viral load, that at |east would suggest that the
i mmunol ogical effects nmay be pertinent to the
control of HIV virus.

So the types of I nplications are
different, and | am sure we wll hear a |ot of

di scussion of the data regardi ng those points.

This is a -- there is a bunch of
questions on this slide, which I think of as sort
of a thought experiment. | am not going to answer

any of these questions, just put them out to

consi der. Just to nmake the point of how drugs of
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different classes with different nechanisns my
have very different inplications regarding the
inplication of a surrogate. The top of the slide,
which my not be |legible, says what would an
increased CD4 cell count inply regarding effective
i mmune responses against H'V or opportunistic
i nfections and regardi ng effective antiviral
mechanisms if the therapy had been an antiviral
drug?

Well, we discussed that. | nentioned
that in the last slide. A CD4 cell growth factor.
Well, that would perhaps not surprisingly expand
CD4 cells. One m ght have sone questions about
whet her the cells that are there have appropriate
functionality and durability. What if the therapy
wer e expanded autol ogous CD4 cells? Again, those
cells, depending on how they were treated and
activated, may have very different functions and
very different effects.

In durability, they may increase the
CD4 count if they are there during neasurenents,
but their inplications raise significant questions.
VWat if the treatnment were beads coated with CD4
that sinply registered in the CD4 assay? wel I,
that would probably be artifact, although such

beads theoretically could inpact the disease.
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What if the treatnent were expanded
aut ol ogous CD8 cells? You know, you gave sonebody
CD8 cells and it may be antigen specific and the
CD4 cell count went up. Well, that m ght have a
different inplication. What if the treatnent were a
drug which inhibits CD4 cell margination and
increases circulatory tinme so that the CD4 cells
spend nore tinme in the circulation and the counts
go up? O what if the treatnent were an H'V
vacci ne? Well, again, these are not sinple
questions to answer, but they highlight the fact
that the nmechanism and the type of therapy, not
sinply whether it is an antiviral or an immune-
based therapy, but even the immune nmechanism is
going to have a significant inpact upon the
i mplications of a biomarker.

This is nmy final slide. So it is clear
the need for these markers and for useful
bi omarkers is great. And also that the challenge
is great. The available data are limted. There is
a great deal of useful data. | don't nmean to inply
that. And we are going to be hearing about sone of
that and considering it. But there is not yet, for
the imune-based therapies, the clinical data we
would like to correlate with and al so even in other

areas there are still many data needs that we hope
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to help identify here.

There are many i nmmune-based therapies
of wvaried classes and nechanisns. W wll be
hearing nore about sonme of those. And there are
many i nmune effector nmechani sns and functions, many
of which are known to be relevant to H'V. And there
are many ways, | mght add, to neasure each of
t hose. Each function has many potential markers.

So I n concl usi on, as with al
scientific questions, insight and data wll be
critical to the answer. And as with perhaps all but
certainly this one, cooperation anmongst all of us,
the need for standardized tests to focus anongst
these many nechanisms and these many potenti al
measures to focus on inportant ones, to standardize
the nethodology and to develop the data necessary
to assess their usefulness will be critical for our
success. Thank you.

CHAI RVAN MASUR: Ckay. Thanks very
much, Jay. | guess in the absence of a trial that
to date has denonstrated efficacy for an inmmune-
based therapy, this is going to be a chall enge.
But hopefully over the course of the day, we wll
make some headway in terns of adding some clarity
to this.

We are now going to go to the need for
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new therapies with Larry Fox from the Division of
Al DS. We appreciate Larry comng here from the

MIllion Fam |y March

DR. FOX: Thank you. Well, the point
that | wanted to mke is that we do need new
therapies. | recall about three years ago at a

review of an i nmmune-based therapy protocol, soneone
saying why are they bothering with this. Don' t
t hey know about HAART? That is all you need. This
was a very scholarly scientist who nade this point
and it occurred to nme, well | guess he hasn't been
inthe clinic for a while.

So let nme make the point that HAART,
while wonderful, is not adequate for control of
di sease given the spectrum of antiretrovirals that
we have available now | wll go through the
benefits of HAART, the limtations of HAART, the
virologic failures that we see, the inmunologic
failures that we see, the toxicity and even the
end- organ di sease that we are encountering now.

The benefits of HAART are absolutely
unchal | engeabl e. We have people that had been at
death's door that are now continuing to have
heal t hy and productive Iives. We see suppression
of virem a. We see reduction in virus shedding,

both in senmen and vagi nal secretions, which in turn
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is likely to reduce the risk of transm ssion.

So this alone is a benefit. We
certainly see increased CD4 count in nost cases,
not all. We see reduced imune activation, which
has been responsible for sequestering CD4 cells and
contributing to a variety of diseases associated
with HV infection. We even see restoration of
| ynph node architecture in cases of advanced HV
di sease. We certainly see clinical inprovenent.
There is anple statistics to denonstrate prol onged
survival, fewer opportunistic infections and HI V-
associ at ed mal i gnanci es, al t hough not al |
mal i gnanci es have been reduced. Certainly Kaposi
sarcom has been reduced. But we are seeing plenty
of | ynphoma still. And we have certainly
denonstr at ed t hat peopl e can di sconti nue
opportunistic infection prophylaxis and nai nt enance
t her apy.

This is a slide that | borrowed from
M ke Lederman, along with a few others that | wl]l
be showing you. This is date from Case Western
| ooki ng at the annual deaths that they have seen at
that clinic. And there is a very clear decrease in
deaths up until 1998. This is associated with HAART
as well as the passing of the <crest of the

epidemic. And then suddenly we see a slight rise
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here. So what is happening at the end are nmany
factors contributing to people no |onger deriving
t he maxi mum benefit of HAART.

So HAART does not work in all cases.
There are plenty of people who have had,
unfortunately, sequential nonotherapy. Those of us
that were in the clinic at the tinme that we began
using triple therapy know that what we did at first
was add one nucleoside to another nucleoside and
then add a protease inhibitor to failing nucl eoside
regi nens, until we caught on to the idea that we
needed to suddenly change all three at once.

So there are plenty of people out there
that have had one after another after another
medi cati on added instead of all changed at once and
devel oped mul ti-resistance to al | t he
antiretrovirals available, and this even occurs in
peopl e who have had three added at once. ACTG 315,
we found one-third of our patients had devel oped
multi-antiretroviral resistance despite the fact
that they were extrenely conpliant.

HAART does not <clear the latently
infected cell pool. W had a dream once that we
were going to purge the body of all HYV. W had
cal cul ati ons of how many years it would take and

now those cal cul ati ons have continued on to about
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60 years or nore. The latently infected cell poo
remains |latently infected.

HAART does not restore HIV-specific
imunity. We have seen dramatic restoration of O -
specific imunity in many cases -- not all. But
HI V-specific immunity, unless HAART is started very
shortly after infection, is not preserved. |t does
not prevent relapse, and | wll show you sone
statistics on how often that happens. And for nost
of the world, it doesn't offer anything affordable
at all.

This illustrates nost of the world. W
are over here confortably taking HAART and having
problenms with it. And over there is the rest of
Western Europe. And HIV is not only concentrated in
Sub- Saharan Africa, although that is where nost of
it is. It is now spreading into India, which has
nore HIV-infected patients than any country in the
world, although it is not nuch nore percentage-w se

than the infections in the United States.

It will be soon if it doesn't -- if
sonmething is not done dramatically there.
| nfections are spreading in China. I nfections are
spreading in Southeast Asia. We have infections

everywhere. And nost people can't begin to afford

what we use here and it is still not enough.
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We experience virologic failure. Thi s
is statistics fromclinical trials. So this is the
best case scenario. These are people who have
enrolled in clinical trials with determ nation to
be conpliant. And yet we still have 20 or 30
percent experiencing virologic failure at the end
of the year. For those that manage to get through
that year without failure, the rates are a little
bit better, 8 to 15 percent failure.

But in the clinic -- and this is again
data that M ke Lederman provided ne with -- we see
a much higher rate of failure. This is what it is
like out in the real world, not in clinical trials.
And in many places, people reporting that half
their patients are failing. And it is associated
with many things. They are all listed here. The
CD4 nadir, peak plasma virem a, gender, the tine
that they started protease inhibitors, the number
of mssed clinic visits per year and resistance
mut at i ons.

There is a very clear connection
bet ween adherence and virol ogic suppression. Mor e
adherence, nore suppression, |ess adherence, |ess
suppr essi on. Why are people having such a hard
time adhering? Well, you' ve got to take 24 pills a

day sonetimes and you' ve got to take them with the
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right food and you've got to take them at the right
time of day and you' ve got to take them on a enmpty
stomach or a full stomach. You' ve got to keep them
refrigerated or not. And if you don't have a hone
to live in, you <certainly can't keep them
refrigerated.

I have never gotten through a 10-day
course of antibiotics wthout mssing a dose.
You've got to be 95 percent adherent to HV
regi mens because protease inhibitors are non-pol ar
and they slip right through the cell nenbrane the
m nute you stop taking them And that is what you
need to have constantly intracellularly in order to
avoid having the virus break through.

And even if you are perfectly conpliant
and you nmanage to suppress the virus, there are
people who still do not experience inmmunologic
success. Somewhere around 10 or 15 percent of
patients, despite the fact t hat t hey have
suppressed their virema, do not experience an
increase in CD4 count. And that is what you need to
have increase in order to reduce your risk of
opportunistic infections. That is what kills you.

We have got a nunber of problenms with
HAART. So in South Africa, we experience people

scream ng, | want therapy, | want therapy, | want
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therapy. In the United States, we hear people
saying, get ne off this stuff, get ne off this
stuff, get me off this stuff.

Because we experience many things
| unped t oget her as | i podystrophy. We have
i poatrophy, abnor mal f at accunul ati on, and
hyperli pidem a, and that is enough to put people at
risk for heart di sease. We have insulin
resi stance, bone |oss reported in many of the new
publications -- dramatic bone |oss, and marrow

suppressi on of course. Pancreatitis and hepatitis

-- those are old problens that we are seeing even

more of recently with death associated with it.
Those of us that are in the clinic know
that we have seen patients die with undetectable

viral | oads and end-organ failure. And of course we

are seeing nephropathy and neuropathy and many

ot her probl ens. So we would like sonething that

woul d spare our patients these conplications of the

same wonderful drugs that are prolonging their

l'ives, but now as they live |onger are contributing
to the norbidity of the disease.
This is an exanple of |ipoatrophy. The

face now does not

in abnor mal

t hat

202/797-2525

porti ons of

| ook nor nal

as the epidem ¢ has changed,
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-- it is nmoving into younger and younger and
younger people. So that now fully 50 percent of the
new cases of HIV disease reported |ast year were in
peopl e under the age of 25. Inmagine having in your
adol escence to have to adhere to a conplicated drug
reginmen, and if you adhere, this is what you wll

| ook |ike. People don't want to do that.

And on top of all that -- not due to
t he drugs al one, absolutely not. But due to many
conplicating factors -- due to HV itself, due to

Hepatitis C virus and Hepatitis, inmmne restoration
syndronme, which is what happens when your i mmune
system starts kicking in again after it has been
tolerating opportunistic infections or tolerating
Hepatitis C and you suddenly restore the inmmune
system and now inflammtion begins to damage your
organs and you develop retinitis or hepatitis or
| ynphadenitis and the toxicities associated wth
drugs.

We have had an increased incidence of
liver and renal failure. A couple of years ago
people didn't live |long enough so that we worried
about this. You were going to die of your HV
infection before you died of anything else. Now we
have people clanoring for organ transplants. W

have a couple of requests per week at Pittsburgh
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for liver transplants. And we are beginning to
devel op protocols to explore whether or not this is
sonmething you <can do in HYV positive organ
reci pients wthout shortening their Iives. If we
can inprove the quality of life, we will do this.

So in summary, HAART isn't enough once
again. It is wonderful. It has prolonged lives. It
has taken people at death's door and brought them
back to productive Ilives. And people are not
willing to tolerate HAART for life. W have found
that the best way to preserve the imrune response
to HV is to start therapy as soon as possible
after initial infection.

But then imgine how nmany years you
would have to remain on a toxic drug reginen.
People are now |looking at structured treatnent
i nterruptions, STI. Cycles of HAART are being
expl ored as ways of reducing toxicity and all ow ng
people a better quality of life. | nstead of
wanting to start therapy as soon as possible, when
their CD4 count falls to 500 or 350, people are now
| ooking at can we wait until it is 200. How | ong
can we wait before starting? And renmenbering that
the epidemic is noving increasingly into people of
younger and younger age, people are very reluctant

to accept HAART and the toxicities associated with
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it. And that is why we are |ooking for immune-
based t herapies. Thank you.

CHAI RMVAN  MASUR: Thanks very nmuch,
Larry. We are now going to nove into the section on

bi omar kers and surrogate markers that are currently

bei ng consi der ed. And the first of three
presentations will be given by Alan Landay from
Rush Presbyterian. Al, thanks very nuch for

joining us. Are the m crophones on?
DR. LANDAY: Thanks, Henry. And | would

like to thank the commttee for inviting ne to

tal k. As | have been working in this area for a
long time, | think there is clearly an opportunity
to develop, and as we will see throughout the day,

to |l ook at sonme of these newer markers and try to
put themin the context of the therapeutic options
for patients. What | would like to do is to give
an introductory talk on sonme of the | basic
i mmunol ogy to get the commttee sort of up to speed
on a number of the newer markers and assays we will
hear nmore about today in the context of basic
i mmunol ogy and i mune devel opnent so that we can
see how the various assays fit in.

In terms of T-lynphocytes, which we
believe are probably in the H V-infected host the

nost i nportant of the inmune responses, although I
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wll talk a bit about sonme of the other hunoral and
innate immunity as well, that we are interested in
| ooki ng at T-1ynphocyte devel opnent.

And clearly in |ooking at the paradigm
of how this works, we start with the progenitor
cells in the bone marrow, and as I'Ill go through,
have approaches that we can use to neasure those

progenitor cells. W have approached this certainly

for sone of t he stem cell t her api es and
nmobi | i zati on certainly in t he gene t her apy
appr oaches of | ooki ng for t hose particul ar

progenitors. Once they |eave the bone marrow, then
they go to the thynus, under which they undergo
thym ¢ maturation. What we have |earned over the
| ast three to four years is that the thynmus can be
functional in adults.

Much of what we | earned even when | was
a graduate student in imunology that we thought
during adult that the thynmus was really no |onger
functional in adults and that after birth you have
this sort of inmmunological decline from birth on
when you are born with your thymus being conpletely
mature. But now we are understanding that there
still is thymc function and have the ability to
measure that and look at that as an inportant,

agai n potential, biomarker
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Once cells leave the thynus, t hey
represent the naive T-cells, which are the
i nportant pool from which one generates new inmune
responses. And when these cone in contact wth
antigen, one has the expansion of that pool to
menory T cells and then those menmory T cells wll
expand and be effector cells, both for CD4 and CD8
T cells.

In order to control that expansion of
the menmory pool, one has the mechani sns of program
cell death or apoptosis that allows one to then
control this expansion so that you don't get
overrun wth |ynphocytes during a normal host
i Mmune response.

Thi s j ust represents t he vari ous
cellular elenments showi ng you that we have been in
search for this and clearly a lot of work goes on
| ooki ng at the pluripotent hematopoietic stemcells
that could be wused to derive both the |ynphoid
progenitors, again B and T cells, or nyeloid and
t hen the ot her nmegakaryocyte and red cell |ineages.
And clearly we are interested predomnantly in the
| ynphoi d popul ati ons and progenitors and studying
what happens in the context of H'V, as we will hear
fromDr. Lane in terns of the T and B cell arns of

the i mmune system
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We can wuse techniques such as flow
cytometry to ook at the stemcells here identified
by the marker CD34 as one of the markers for
hemat opoietic stem cell 1ooking at a peripheral
bl ood sanple where we gate and then |ook at the
cells that here express the CD34 antigen on their
surface. So we have certainly techniques that are
available in nost <clinical settings for us to
evaluate the stemcells and quantitate themclearly
in the peripheral blood using various nobilization
strategies.

As | said, the thymus is a critical
organ that we know can function in adults and
clearly is inpacted by HV infection. We know that
there is a disruption of the thynus and its
architecture, and the question is does sufficient
thymc function remain to allow reconstitution of
i mune function with HAART or other inmune-based
t her api es.

And we have a variety of approaches
t hat we have used to do this. First, use of thymc
scans and naive markers. The repertoire -- as we
know, the T-cell repertoire is critical for the
host i nmmune responses. W also can use telonere
l ength, which is another marker of cell division

and cell age. And then finally the T-cell receptor
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excision circle or TREC as another biomarker for
eval uating the function of the thynmus in peripheral
bl ood T cells.

One of the things we have to realize is
most of the immune system is present not in the
peri pheral blood, where only 2 percent of the
I mmuune system exists, but in tissue. And so how do
we now use what is probably the nost readily
avail abl e source of material for us, clinically the
bl ood, to evaluate that. W really, | think,
t hrough the wuses you'll see for many of these
mar kers can use peripheral blood sanples at | east
as a correlate to tissue. But we are also trying to
adapt techniques to |look at the tissue as well.

This just shows you from a publication
this year from sonme of our work in ACTG | ooking at
a thymc scan just to point out the thymc mass in
this individual here being graded at a thym c index
score of 4 and the grading scale here goes from O
to 5, with O being undetectable thymc mass and 5
being a thynoma. And clearly one can see in this
CT scan the evidence of thymc tissue, and this can
be graded and we have shown correlates of this in

t he context of HIV.

One <can also wuse T cell receptor
diversity, in this case wusing spectrotyping or
SA G CORP.
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mol ecul ar techni ques, and sone data provided ne
from Crystal Mackall fromthe NCI, just show ng you
a technique can be wused using peripheral blood
| ooking at the diversity of the T cell repertoire
wi th nol ecular PCR techni ques, and | ooking here at

the V-beta repertoire based on the nunmber of peaks

one has.

This shows you sone data indicating an
age- associ at ed reducti on in TCR repertoire
di versity. Looking in blue here representing the

cord blood sanple, in red a 22-year-old, and then
in blue the 44-year-old. And you can see then in a
dilutional input here of CD4 cell nunber that you
dilute out nore rapidly in the ol der age popul ati on
conpared to cord bl ood sanples here where you get a
nore robust repertoire of diversity present. And
one can use again these techniques to study what
happens following infection and/or therapy to see
does one have sone alterations in this inportant
repertoire which represents the host response
agai nst HI'V and ot her pat hogens.

W can also apply, as | said, the
technique of the T cell receptor excision circle.
The original work done by Danny Douek and Ri ck Koup
really have brought to bear the inportance of using

t hese. Again, another nolecular technique to
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measure what happens when T cells wundergo their
normal rearrangenment and expression. And this just
shows you how that occurs for the V-beta
rearrangenent. What you do is you get excised
pieces of DNA during that period of T cell
rearrangenent.

One can then neasure these excised
pieces of DNA in cells from the periphery by PCR
techni qgues as these either signal or coding joints.
And what | have shown you below is sonme data from
our own |aboratory just |ooking at the age-rel ated
decline in adults from 20 on through 60, showi ng a
significant correlation in the reduction of the
TREC nunbers in both the CD4 and CD8 conpartnents.
So that one sees normally in the aging process the
decline in the TREC value, so that one has to be
cogni zant when studying an HV infected host.
Clearly one has to match for the appropriate age-
rel ated changes that one can see.

W also know that there S an
i nportance of the teloneres. Tel oneres are the
ends of chronosonmes that are essentially repeats.
These TTAGGG repeats at the end of chronosones
essenti al for chronmosome stability. And  what
happens is you get a progressive shortening of the

telomeres over tine wth the aging. And what
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happens is approximtely 50 to 100 base pairs per
year are lost in vivo. And you can also note that
telonmere lengths are maintained by a ribonuclear
protein called tel onerase, an enzynme that maintains
the telonere | engths.

nd what we have noted in HV at |east
is that there is a replicative senescence of
particular cells, especially the CD8 cells. There
is an increase in the cell -- the CD8+/CD28- cells.
These cells have shortening of telonmeres and that
there seens to be a result of extensive replicative
history as a result of the clonal expansions. And
what happens essentially in an HV infected adult
is they have telonmere lengths simlar to that of a
100-year-old individual conpared to an age-nmatched
heal thy control individual in their 20's and 30's.
So clearly there is a significant inpact and one
can neasure this.

On the next slide, it just shows you
sone data that we have generated and published | ast
year neasuring then the telonmere lengths in two
patients showing you -- in this case |ooking at
sonme evidence post-antiretroviral therapy that one
can actually induce an increase in telonmere |ength
in both the CD4 and the CD8, so that there is sone

i npact of the therapy in blocking viral replication
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and actually restoring now the telonere | ength. And
we are beginning to |look at this certainly further
in many other approaches. But it is another neasure
of <cell age and cell function. In our own
| abor at ory, we are beginning to conpare the
telonmere in the TREC assays in ternms of their role
in measuring new T cell devel opnment.

W also know, as | nentioned, the
i nportance of apoptosis as a normal process of cel
death, and this slide really just shows you the
conparison of the necrotic cell processes of death
versus those of apoptosis and then the apoptotic
bodies that are created are uptaken by nmacrophages
which basically can phagocytize +that. We can
measure the process of apoptosis by a variety of
techniques. | have just shown one of them here,
which is a comon technique we use in the
| aboratory using flow cytonetry and nmeasurenents by
DNA content.

This is the normal DNA content of a
cell, showing you the cell cycle conponents of the
G zero, Gone-S and Gtwo-M  And what happens in a
cell undergoi ng apoptosis is you increase this peak
to the left of the G zero/ Gone, indicating a | ower
DNA content in that cell as a nmeasure of apoptosis

when you get DNA fragnmentation. And this can be
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used and applied in a routine setting. As | wll
also highlight in a nmonment, a nunber of other
assays can also be used to neasure apoptosis, and
whet her therapy inpacts that 1is, again, another
critical marker in the pathogenesis.

The next slide wll highlight for you
the inmportance of apoptosis in HYV infection
itself. It is, as | said, a norphologic finding
resulting fromthe process of programmed activation
death characterized by the condensati on of nucleus
and giving this distinctive pattern of DNA
fragnmentation. And it is really very nuch of
interest in HV infections because it appears to be
one of the nost inportant nechanisnms of CD4 cell
depletion. One in which when we are |ooking at
t herapeutic interventions, we want to reverse the
process. And clearly one can show i ncreased nunbers
of apoptotic cells in HV. And as | nentioned, we
do have | aboratory techniques that can be used to
gquantitate this, especially those wth flow
cytonmetry and sone of the sinple Pl nmethods which I
ment i oned.

So to sunmmarize the first part in terns
of |ynphocyte devel opment and function, one can see
we have a variety of markers |ooking from the

progenitor cell, which would be represented here,
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to the thynmus | ooking at both the TREC and tel onere
approach. This is another marker reported on by
Louis Picker's group, CD103, as a potential marker
that could identify recent thymc inmmgrants
specifically on the CD8 cell popul ation, which was
published in the |last year. That is another marker
which we really haven't explored very nmuch in the
context of HIV infection.

In terms of naive cells, we have a
variety of ways of defining naive cells by a
phenotypic criterion. FIl ow cytonmetry, as | have
listed here, and we are |ooking at again many of
these to correlate these in ny own |aboratories
the phenotypic correlates here of these various
nai ve phenotypes and the TREC and tel onmere assays.
We also note that nmeasuring nmenory cells, one can
define these both phenotypically here and | ooking
at cell death, we can use phenotypic markers such
as CD95, which is the Fas antigen marker of
apopt osi s. We can also use Annexin V, which is a
measure by flow cytonetry of early stage of the
apoptoti c pat hway, where you have the begi nni ngs of
t he menbrane being turned inside out and one can
measure that. Also a Tunel assay, another flow
met hod for neasuring the DNA fragnentation. And

then finally the propidiumiodide nmethod.
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And then finally as |I wll talk, the
effector activity that one can neasure of nenory
cell responses which can easily be adapted in the
clinical setting, t hose  of the delay type
hypersensitivity or DTH skin test responses, which
have been used extensively in clinical practice for
a nunber of years and clearly are being applied now
in the setting of HV in patients as well.

Once we nove beyond the maturational
stages of the imune system we nove to the really
i nportant functional host conponents of the inmmune
response. And these represent the critical elenents
of the immune system | have tal ked about the CD4
and CD8 T cells and their derivation. W also know
that there 1is an inportant role for antigen
presenting cell activity, both dendritic cells and
macr ophages that were inportant host conponents of
the antigen presenting cell activity, dendritic
cells being found at much [ower levels, 10 to 100-
fold Iower than the nonocytes in the blood, but
al so given what they lack in nunbers, they nake up
in function in ternms of their potency.

We also know the critical role for B
cells in antibody production and potentially their
role in mking neutralizing antibody. And then

finally NK cells, another part of the innate innmune
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system which we really haven't studied extensively
in the context of either therapy or responses in
i mmune- based therapy. | think again another host
conponent that clearly can respond to a nunber of
the factors that Dr. Siegel had originally talked
about in terns of T cell growh factors that can
al so respond.

How do we assay then and perform
i mmunol ogic function, which I will go through these
| think to provide the sort of basic assays that we
can use to approach and understand the function of

these inportant conponents in the context of

mar ker s, bi omar ker s or potentially surrogate
mar ker s. Firstly, as | wll go through, the
| ynphoproliferative assay, whi ch  has been a

standard al nost now for 25 years in the field for
measuring T cell responses. That is an in vitro
measure. One can also use the in vivo neasures of
del ayed type hypersensitivity. And then sonme nore
recently devel oped approaches, ICC, intracellular
cytoki ne detection by flow cytonetry, which | think
is really going to revolutionize the ability to
standardi ze and apply these techniques clearly in
the | aboratory.

We also know CD8 cells are critical as

effector functions in the context of HV. Using the
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CTL assay, which has been the classic approach,
cytotoxic T Ilynphocyte response. W can also use
intracellular cytokine neasurenents. ELI SPOTs,
whi ch can be used as an in vitro neasure to | ook at
particul ar cytokine production and specificity of
CD8 cells to respond to HI'V antigens or peptides.
And then finally the newest of the CD8 approaches,
the WHC class | tetraneres, which I think again are
going to really allow us nowin a very well defined
way to |l ook at the immune response against H V and
ot her pathogens in a highly quantitative approach
as | will come to at the end.

I also bring up NK <cells as an
important cell that we should be |ooking at as
anot her potential marker for responses to therapy
by both their abilities to kill directly or through
anti body-dependent killing. And then finally B cel
responses, which one can neasure by a variety of
i muni zation with things |ike diphtheria, pertussis
or tetanus and neasuring antibodi es against these
t hrough i mmuni zati on strategies.

This just shows you then the basic
elements of the immune response from a cellular
i mrunol ogi ¢ perspective, indicating the role of the
dendritic cell and nmacrophages producing cytokines

that in turn activate the helper cells. These make
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t hen t he i nport ant regul atory cyt oki nes of
interferon-gamm and IL-2 that are critical for the
CD8 effector function. This is what would be a
standard approach to any viral or chronic viral
illness in terns of the role of the cellular immune
system

We also note that we can use a variety
of cell surface markers and nultiparaneter flow
cytonmetry to define these cells in the context of
their potential functional role, and one can | ook
at a variety of activation markers -- maturation
mar kers of either mammary or naive cells, and then
functional markers here, CD95, a marker for the
apoptotic pathways, and CD28, a marker as a co-
receptor critical for the interactions of either

CD4 or CD8 T cells with the antigen presenting

cell.

So this our cartoon just showi ng you
the interaction. You will have to just page through
this on the next -- just showing in the docking.
This is ny first PowerPoint. | actually wanted to

show a little bit how you could actually use this
to do docking of T helper cell in THzero cell,
showi ng you now the TCR interaction here with the
antigen and WHC class Il. Also, the recognition of

Cb4 and then the CD3 nolecule, and then the co-
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receptor, CD28, and then CD40.

Next we will show the IL-2 receptor. W
then induce the CD40 ligand on the T cell, nmaking
i nduction then through that of B7. So you have the
i nport ant co-receptor I nteractions here -- I
mentioned the CD28 on the T cell interacting wth
the CD80 nol ecule. And then also the CD40 and CD40

i gand. These are critical elenments in the immune

response. If you don't have the expression of
t hose markers, the inmmune system will not respond
appropri ately. | nstead of the proliferative

responses one normally would get with antigen 1

t hen undergoes the cell death or apoptotic
pat hways. You can see [|L-2 binding to its
receptor. As it dies wundergoing cell division

producing then interferon-gamma to activate the
macr ophage. Next com ng around and nmaking |L-1,
| L-6 and TNF-al pha, which can again activate the T
hel per cells.

So t hat IS t he basi c cel lul ar
i nteraction pathway between the T cell and APC. And
how we neasure this -- again, the in vitro approach
is our | ynphoproliferative assays; in vitro,

coreless cellular imunity, inportant in control of

viral and intercellul ar pathogens. It quantitates
T cells to a variety of stimuli -- again, mtogen
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al l oanti gens. And one can show that there is strong
LPA responses to antigens that are associated in
H'V with controlled replication.

This just lists for you sone exanples
of what one can wuse in a |lynphoproliferative
response. Again, |ooking at HIV-specific responses
with P24 antigen. Pathogen-specific responses, CW
or MAC. Your recall antigens, m togen, or
neoantigen. So all of these can be applied in a
routine setting in an in vitro system

W can also look not only at the
proliferative responses overall to the interaction
of the <cellular conmponents | spoke about, but
i ndividually we can now nmeasure cytokine production
intracellularly and define cells based on their
type |, which makes cytokines driving cellular
imunity -- and this lists the various cytokines --
IL-2, 12, gamma-interferon and IL-15, critical for
type | health. O type Il health, IL-4, 5 6, 10
and 13 and driving cellular imunity. And again,
there is a cross-regul ation between these two arns
of the immune system And the inmportant cellular
el ements that nmake these.

One can apply then the intracellular
cyt oki ne approach. It is a relatively new assay

and may have better precision with in-between | abs,
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which we are now | ooking at. Again, it is a faster
turnaround time and no radioisotope use. W can
study nunerous cell types directly and give nore
information and can be quantitative both for CD4
and CD8 rich frequenci es.

This shows you sone representative data
from Louis Picker, who really | think put this
technology out into the field in the |Iast coupl e of
years. This is showng quantification of viral
specific CD4 nenory cells in a normal subject. Just
showing you the breadth of a normal response to
t hi ngs |i ke adenovirus, flu, neasles, nmunps or CW,
measuring in this case intercellular ganmma-
interferon and | ooking at the activated popul ation
here and the control and then showing you the
various stinulated popul ations. Just as an
exanple, one can do this very rapidly within a
matter of six hours as an assay.

W could also apply it with the
appropriate stinmul us as wel |, here usi ng
over | appi ng pepti des for i nterferon-gamm
production, again in CD8 cells. This is |ooking at
Hl V-specific responses |looking to the various gag,
pol, nef, rev and bpr and tat. So you can | ook at
all of the various both structural and regulatory

gene products of HI'V having the appropriate
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pepti des avail able and can quantitate now in a very
rapid fashion immune responses to CD8. As well

t hese sane peptides could be used to stinulate CD4

cells.

We also know that cytotoxic nechani sns
are critical. This just shows you the basic
killing mechani sns whi ch i nvol ve perforin,

granzynmes, cytokines and finally Fas |igands. Al |

of these are involved in the killing nechanisns, as
you can see on the right. And one can neasure
these as well. There have now been techniques
devel oped to neasure intercellular perforin,

granzynes, cytokines and also surface Fas-fas
ligand production as a way of functional ly
eval uating the CD8 cytotoxic function.

These are the <classic assays for
measuring cytotoxicity, looking at the target cells
which are I|abeled, the chromum 51, and then
effector <cells added, and then neasuring the
release of chromum here and determning the
percent specific lysis. So one has this as a sort
of standard nmet hod for nmeasuring and classic nethod
of looking at the target effector cell for CD8
i nteraction.

But we have now -- and again, John

Altman, who pioneered this work, developed the
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tetrameres technology that allows us using flow
based techniques to look at specific CD8 cells.
Again, one can nmake these tetraneres techniques.
These are looking at class | tetraneres, single
peptide ligand. And you can alter the specificity
by the particular peptide here represented in blue
with the HLA nol ecule. Depending on the right HLA
hapl otype and the specific peptide recognized by
that HLA. So one can adapt this technology clearly
to HV or other pathogens or other antigens as
wel |

Just to give an exanple of what the
data | ooks like, this is actually in the primte
nodel | ooking at the Manu-Al response here, which
is the HLA equivalent in nonkeys, and | ooking at
that particular response on the CD62L positive
cells. And gating that again on the CD3/CD8
popul ati on, one can rapidly quantitate in this case
HI V- specific responses.

So in summry, what we think we have
really developed is a paradigm that we are trying
to adapt in the context of new approaches to
measuri ng bi omarkers. W have had, as | have tal ked
about t he very classic assays of
| ynphoproliferation and cytotoxicity, which really

are being replaced by many of the newer assays |ike
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intercellular flow cytometry to |ook at APC
function, both for APC CD4 and CD8. We have the
devel opnent of the class | tetrameres technol ogy
that | just showed you exanples of for |ooking at
the specific responses to HV or pathogens, and
also the nore recent devel opnent now of class 11
tetraneres, the sane approach being taken to | ook
at HI V-specific CD8 cells can now actually be
applied to HI V-specific CD4 cells, and one can do
that in a very quantitative way. And one can
conmbine with the class | tetranmeres, the ability to
| ook at perforin or granzyme as the lytic effector
mol ecul es and identifying then the HIV-specific
cell and whether or not they are functionally
conpet ent .

This is ny last slide just to say that
in the future |I think we are really going to be
| ooking at this and we will hear nore about this
t oday, standardized assays for immne assessnent.
We have adapted DTH responses. One could do this
again for classic recall responses. And then one
could also | ook at those follow ng inmunization for
both recall or neoresponses as well. And then in
vitro, | ooking at some of the intracellular
cytokine conbined with the tetranmeres technology to

| ook at the axis of the APC-CD4-CD8. And clearly in
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vivo we can neasure both the cellular and hunoral
armto the immune system by neasuring antibody as
well as in vivo cellular responses.

So | think where we have cone is really
an interesting and new paradigmto really eval uate
and have a whole host of new markers. We are really
not at the point, as we will hear, for these being
validated as markers, but | think we have the
ability to ook at these markers and see how they
correlate in the context of the clinical trials and
approaches that we will take in the future. Thank
you very nuch

CHAI RMAN MASUR: Al an, thanks very nmuch
for both a good talk and a new standard for the
commttee in terns of technology in a presentation.
So we appreciate the docking.

Wth that introduction to candidate
bi omarkers and surrogate markers, Cliff Lane from
the National Institute of Allergy and Infectious
Disease is now going to talk about how these
markers relate to di sease pat hophysi ol ogy.

DR.  LANE: So I'm going to go back to
low tech probably in nore ways one. So |I've got
slides there in the back. | don't know if there is
anyone back there to keep a handle on those slides

for focus or things. But if there could be, that
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woul d be great.

VWhat | have been asked to do is talk
about how sone of these |aboratory markers play a
role in helping us understand HIV pathophysi ol ogy.

Clearly knowing that we are here at the FDA, |

have subtitled this, "Wiay is it so easy to |license
antiretrovirals and so difficult to license inmune-
based therapies.”™ And I think what you will see --
or | hope you will see as we go through this is
that as Alan has pointed out, there are a |ot of
assays that the inmunol ogi st has at their disposal
to be able to nmeasure different paraneters of the
i mmune system But unfortunately, we don't really
know which of these markers for the nost part are
rel evant to host offense in a conmon environnment.
VWhich of these markers translate to increased
survival and which of these translate to increased
quality of life. So we have a bit of a problem

So the thene that | wll try to stay
with is that the neasurenments we meke directly in
the patient really seem to be the ones that are
nost relevant to where that patient is headed. And
while we can do a lot of things in the |aboratory,
| think we still have some difficulty predicting
with these things what will happen to the patient.

There wil | be a fair anmount of
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di scussion, | know this norning, about the two
| aborat ory mar ker s t hat have been clearly
denmonstrated to have clinical relevance in patients
with H'V infection. These are the levels of hel per
i nducer or CD4+ T-lynphocytes and the |levels of HV
RNA. This is just an old cartoon showi ng that as
the CD4 count declines, one begins to develop
different <clinical consequences of HIV infection
such that as long as the count renmains above 500,
one rarely has nuch in the way of difficulty. That
once the count drops below 500, yet is still above
200, one nmay see a variety of nmore mnor AIDS
defining illnesses such as Kaposi sarcoma, orally
hai ry | eukopl akia, thrush zoster
And then once the count drops below
200, one begins seeing some of the nore serious
life-threatening AIDS-defining illnesses such as
pneunocysti s carnii pneunoni a, di ssem nat ed
m crobacterial infections, toxo and CW retinitis.
This just looks at it as a cartoon. There are an
enor mous nunber of data in the literature show ng
this rel ationship bet ween CD4 count and
opportunistic infection. Simlarly the data in the
literature correlating levels of HV RNA in plasm
and di sease progression -- these are the MACS data

from John Mellors -- again, showng very clearly
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that these two direct in vivo neasurenents have
correlations with what happened to the patients
clinically.

There is a lot of discussion and |
think now there are fortunately a |ot of data that
bear on the relative inportance of these two
mar kers. Again, | think some of the confusion in
this area has been the fact that when one | ooks at
di fferent studies, one marker may appear to be nore
i nportant than another. Part of that, | think, is
due to the range of values for the cohort.

In other words, if you have a cohort
where everyone has a CD4 count between 200 and 300,
the CD4 count won't be as predictive as the vira
load. Simlarly, if you are looking at a tine
interval of one week, the viral |load may not be as
relevant as the CD4 count. So, again, these are
par anmeters t hat wi | reflect t he relative
i nportance of these two markers. But | think
suffice it to say that when one |ooks at these
overall, they do each have a degree of independent
predictive val ue.

What | am going to do then is focus ny
comrents for the remaminder of the talk on sonme of
these other |aboratory markers which Alan has

mentioned in his area. | am going to talk about it
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really in four different areas, because | think
they are related but they may reflect different
things. HI V-specific imunity, |ynphocyte subsets,
activation mar ker s, and T cell receptor
rearrangenent excision circles or TRECs.

VWen one |ooks at some of these
potential markers of HI V-specific immunity, one can
ook at the two main T cell pools that my be
conferring that immunity, the CD4 T |ynphocyte
pool, where the nost prom nent assay has been that
of in vitro blast transformation of P24 antigen,
and then the CD8 cytotoxic T |ynphocytes, where the
assays have focused on cytolytic activity or
cyt oki ne production in response to H 'V anti gens.

| think there is two general points |

would like to make before discussing data. The
first one | think -- and again, this is ny
perspective on this. I think for sonmething to be

considered an inportant elenment of HV specific
immunity, a |aboratory marker should show sone
direct correlation with plasma H'V RNA |levels. In
ot her words, just because | have a neasurenment of
sonmething that is stinmulated by HV antigen, if it

doesn't correlate with what is happening inside the

patient, | amnot really sure what to make of it.
In other words, | think it is very inportant to
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di stinguish between elenents of the immune system
that bind to and are able to be stinulated by HV
antigens from those elenents of the inmune system
that appear to be inportant in the control of
producti on or clearance of virus. | think this is
really an area where we get into sone difficulties
and have gotten into difficulties.

So just to talk a little bit about the
P24 | ynphocyte blast transformation response. This
P24 antigen is the mmjor structural protein in the
H'V wvirion. It is a major conponent of the
i nactivated HI'V present in renune. It has been
shown as an antigen to elicit in vitro blast
transformation and peripheral blood nononuclear
cells of early seroconverters treated W th
conbination antiretroviral therapy, a subset of
| ong-term nonprogressors, and patients inmmunized
with remnune.

The question is, though, what does this
assay give us overall. | am just wondering if
sonmeone can focus really the bottom two parts of
that slide, the nost inportant part. What this is
|l ooking is from a |large cohort that we follow at
the NIH, and it is looking at on the bottom viral
| oad going fromlower to higher in the |log scale --

you can get an idea of the |og scale |ooking here
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at the mddle one. And looking at in vitro bl ast
transformation to first pokeweed mtogen, P24
antigen, and then tetanus toxoid at the bottom

And | think if you look at the extrenes
for P24, just focusing your attention on the m ddle
for a nonment, that patients with low viral | oads
have a range of responsiveness, sone who have quite
hi gh responses. |If you |look at the other extrene,
patients with very high viral |oads, there is very
little evidence of responsiveness. But in-between,
there is very little correlation. This is an R
value of .15. This correlation between in vitro
bl ast transformation to P24 antigen and viral | oad
is actually no better, in fact even a tiny big
worse, than a simlar correlation for tetanus
t oxoi d. I n ot her wor ds, t hese types of
responsi veness may reflect a state of activation of
the imune system precur sor frequencies  of
different antigen specific cells, but it is not
really clear that it is a direct nmeasurenent of how
well the host is able to control HIV.

On the CD8 side, we have again a
variety of responses that have been neasured --
CTL, antigen-specific CD8 cells, making cytokines
by ELISPOT in response to tetranere stinulation or

anti gen-i nduced cytokine production. Here again, it
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is to me confusing to -- or difficult to pull out
an el ement that is inportant.

But here | think there is sone
interesting correlations with in vivo phenonenon
but it is not clear that they are in the direction
one woul d necessarily have predicted. So these are
data from a study at the NIH, again where patients
with persistent levels of HV RNA less than 50
copies had their antiretroviral stopped. As you can
see, within a couple of weeks, all these patients
showed an increase in levels of plasma H V RNA.

Interestingly, you see one patient here
who seens to maintain relatively low |l evels. There
is a second patient from this cohort not plotted
here with simlar data. That patient is interesting
in that he and the one shown here both had their
antiretroviral therapy started very soon after the
initiation of therapy, and that is very anal ogous
to the patients that Eric Rosenberg and Bruce
Wal ker published on a couple of weeks ago.

Well, if you look at this cohort of
patients, and now | ooking at CD8+ T cell responses,
you see that as levels of virus went up in these
patients, the levels of HIV-specific CD8+ T cells
by flow cytokine again went up as well. If you

went to correlate the levels of these CD8+ T cells
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with the viral |oad, you would see the higher the
viral load went, the higher the nunber of these
CD8+ T cells went.

So what does that nean? | am not
entirely sure. The one thing | can say is | think
t hat having nore virus expressed caused an
expansion of CD8+ T cells that could respond to
viral antigens. Does that mean then that these
patients with the highest levels of CD8+ T cells
who happen to have the highest |evels of virus have
t he best HI V-specific immunity? | wouldn't conme to
that conclusion. These patients down here who had
very little increase in virus and then very little
increase in CD8+ T cells seem to ne to have nuch
better HIV-specific inmunity.

Wel |, perhaps this is adding sonething.
And | don't really know a good way to assess that
right now. One of the ways we thought we m ght
assess it was | ooking at the rate of decline of the
viral |oad when these patients all went back on
antiviral. So if indeed these are inportant
el ements of host imune response, maybe those who
have hi gher |levels would drop nore rapidly.

In fact, what we found was that the
rate of drop of virus was not influenced at all by

the percent of CD8+ T <cells present in the
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peri pheral blood expressing cytokines in response
to HV antigen. So, again, while there s
certainly a balance and these play sonme role in
host imune response, nerely having them in your
bl ood doesn't nean that you have a better inmmune
response to the virus.

So I would like to nove now and talk
about |ynphocyte subsets. As you heard from Al an,
t he pool of |ynphocytes is a quite conplicated m x
of cells. It is generated as undifferentiated stem
cells that mgrate into a thymc environnment under
the influence of the thymus. The T cell receptor
genes undergo rearrangenment.

There IS positive and negative
sel ection such that the cells that eventually enter
the pool of CD4 T cells for humans recogni ze self
plus antigen, do not recognize self alone. They
have a predefined specificity and are considered
nai ve until they encounter antigen. As we cone back

and we talk about the TRECs a little bit later on

they also will have sone of these fragnents of the
T cell receptor rearrangenent present in these
cells.

Well, as the T cell pool evolves during

life as naive T cells encounter antigen, those

cells that are stinulated by antigen will expand in

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

64

nunbers just |ike we use the nore common |etters of
t he Roman al phabet nore conmmonly if we are speaking
English. The letters of the Greek al phabet, we see
|l ess and less of it. They are not used.

If you were trying to analogize the T
cell pool to the alphabet wusing two different
exanples. You see as you age, as Alan nentioned
the diversity of the pool declines and the size of
t he pool declines. But what is happening is at the
sane time it is becomng a nore appropriate pool
for you. So if you are constantly stinulated by CW
and toxo antigens, you will have nmore T cells out
there with specificities for CW and toxo anti gens.
That is probably one reason why the nunber of CD4 T
cells can drop quite dramatically before one begins
to see clinical problens.

e can measur e sone of t hese
di fferences of |ynphocytes by flow cytonmetry using
mar kers for naive or nenory subsets and through
analysis of the T cell receptor repertoire. If we
| ook at what happens to just naive and nenory T
cells nowwithin the CD4 T cell pool, what you find
shown here as a set of |aboratory data are sim|lar

to what | showed you in the cartoon

Nanely, as the CD4 T «cell count
declines -- and this is for a cohort of 16 patients
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with HV infection whose counts went from 650 to 50
-- as the nunber of CD4 T cells decline, the
fraction of cells in that naive pool goes down,
thus the fraction of cells in that nmenory pools
goes up. In other words, again, as the pool shrinks
in size, you hang on to those cells that are nore
rel evant to you given your antigenic environnent.
And when we conme in and treat with here protease
i nhi bitor therapy -- these are data from I ndinavir
-- you see that both naive and nenory T cell
nunbers conme up.

And again, this is going to get back to
this issue of what is the role of the thynus. How
much of a role does the thymus play in inmmune
reconstitution? Where are the T cells comng from
that come up in nunmber wth HAART. Are they
redi stribution of cells? Are they thymc
imm grants of cells? Are they expansions of the
peri pheral pool as the three main sources?

This top set of patients are patients
who had a relatively high nunber of naive cells
prior to therapy, the bottomgroup a relatively | ow
nunber. | think you can see focusing first at the
bottom that this cohort of patients with very few
naive cells had a nice increase in total CD4 T cell

count, but all of that was pretty much wi thin that
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menory pool and very few within the naive pool over
this period of three nonths.

In contrast, for the patient with the
hi gher nunber of naive cells, both naive and nenory
cells increase with the initiation of therapy. So
in other words, what you see with the immediate
initiation of therapy are changes in the pools of
cells reflective of the pools that are there.

There are two inportant elenents of the
pat hophysiology of HV infection. | think one is
i mmune system activation and the other is inmmuno-
defi ci ency. What you see with the rapid increase
is probably a reflection of quieting of inmmune
system activation, which is very tightly correl ated
with wviral load. The |longer term increase is
pr obabl y nor e rel at ed to i mmune system
reconstitution.

This just shows in a cartoon fashion
the relationship between these different sources of
entry or exit of CD4 T cells from the CD4 pool.
Again, stem cells differentiating through a thymc
envi ronnent add genui ne new diversity to the pool

Cells within the pool expanding peripherally just
add to the size of the pool wthout increasing
di versity. Cells leave the pool all the tine

t hrough natural death and through HI V-induced cel
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deat h.

Now we can neasure the size of the poo
pretty well. And we can actually neasure naive
versus nenmory T cell pools relatively well also.
And we can neasure TRECs quite well, and that gives
us an idea of cells comng out of the thynus. But
what we can't neasure very well is actually the
diversity of the pool. As Alan nentioned, we can
use the immnoscope technique to | ook at CDR3 size
diversity within the beta chain of the T cel
receptor. The trouble there is you are breaking up
to -- you are grouping up to 10%® different
specificities into around 192 boxes. So it doesn't
really give you the type of specificity you need to
know whet her or not you can respond to one antigen
or anot her.

Anot her way of trying to look at
diversity is to look at the ability to produce
anti body in response to i mmunization or the ability
to nonitor DTH in response to immuni zation. These
are sone data that were generated by Alannah
Fogel man when she was at CBER showing that if you
i muni ze a group of healthy volunteers with a neo-
anti gen bacteriophage Fiex 174, you get a pretty
good increase in antibody production and you can

boost that wi th subsequent inmunization.
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Again, this is on a logged scale. The
shaded gray area is the normal control values for
this assay in Hans Ochs's | ab. Hans was the one who
actually made these particul ar measurenents. Well,
if you take a group of patients with H'V infection
who have done well with respect to their
antiretroviral who have HIV RNA levels less than
500 copies and you perform the sanme type of
i muni zations, you see that sone of the patients
| ook quite normal and some of them look quite
abnormal. And again, there are sone very inportant
qualitative aspects of the imune system that we
really have ways of neasuring, but we don't know
how this correlates with overall survival.

| mean, who needs immunity to Fiex 174
bacteri ophage. | nmean, the problem is you are not
going to cone into this. It is not a pathogen.

What we don't know is how to capture the range of

pat hogens. What we don't know is whether or not
this type of assay wll <correlate to clinical
out cone. In other words, will these patients who

fall within the shaded area do better than these
patients who don't.

I mean, | think these patients probably
have a better imune system but it is not clear

that it isn't good enough. And again, if you | ook
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at studies of the inmune system you can say, Yyes,
this looks nore diverse than that or this response
| ooks higher than that. But what you really want
to know is is this patient healthier than that one.
And that is really the trick and that is the
chal l enge, | think, that faces us.

Activation markers -- again, activation
is a conponent of HIV disease. These are some data
-- the activation mrker we like to look at is
br omodi oxyuri di ne i ncor porati on. It i's a
measur enent of cell cycle progression and a neasure
of T cell turnover. You can see that you can nake
this nmeasurenent. It is quite sinple to do. It
correlates very nicely with viral |oad as shown on
the left. It does not correlate with CD4 count as
shown on the right. So this is the measurenent on
the Y axis of a cell turnover, log viral |oad on
the X axis. Again, the neasurenent on the left is
corrected for CD4 count and on the right for vira
| oad. You see a very striking correlation between
these two paraneters. It is even nore striking if
you | ook at what happens with therapy.

So take patients -- this is a cohort of
11 patients who are protease inhibitor naive.
Their cell turnover rate was nonitored in the weeks

following initiation of HAART as indicated by the
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yel l ow synbol s. The viral |load was nonitored as
indicated by the purple synbols, and you see a
very, very tight correlation between these two
measurenents over tinme. So in other words, what you
have with HI'V infection is a state of inmune system
activation. That activation does things to make
t he i mune system not function as well. It wll not
give you as good an in vitro blast transformation
assay when you have an activated immne system
You quiet that inmmune system and in vitro bl ast
transformation will get better.

| think the rapid recovery of a variety
of different opportunistic illnesses that we see
followwng the initiation of HAART reflect not
i mmune system recovery in the sense of inmmune
reconstitution or repopul ation of the CD4 pool, but
really 1 think a fact that you quieted down this
i mmune system activation so the T cells that are
there can work better.

The last area | will coment on is the
T cell receptor rearrangenment excision circles or
TREC. As Al an nentioned, these are a by-product of
T cell receptor rearrangenent in stem cells. Now
the thing that is inportant, | think, in trying to
look at TRECs is that there are two things that

determ ne the I evel of TREC. How nmany are entering
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the circulation -- in other words, how many new T
cells are leaving the thymus, and how rapidly those
in the peripheral circulation are being diluted
out. In other words, this TREC -- there is one. It
does not replicate with cell division. So it wll
be divided out or dilute out as the cells divide
out. So levels of TRECs will be dependent upon the
rate of thymc output and the rate of T cell
t urnover.

So here are sone data again from the
study that was nentioned by Al an by Danny Douek and
Rick Koup | ooking at levels of TRECs in the |ynph
nodes of four patients with HV infection on the
right and four healthy controls on the left. You
see |l ess TRECs per cell on the right than you do on
the left. The question is is that due to decreased
thym c output or is that due to nore rapid dilution
of the cells that are leaving the thymus in these
patients.

So we have done sone work |ooking at
the correlation between changes in TREC and changes
in rates of now used T cell turnover again. It is
the now used T cell pool in which these TRECs w ||
be enriched. And we find a very striking
correlation with an R® of .96 between change in the

number of TRECs per mllion cells and full change
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in T cell turnover within the now used T cell pool
In other words, it would seem to us that the
driving factor between changes in TRECs isn't
nunber of new T cells leaving the thynus, but
really rather the rate at which those T cells are
bei ng diluted out.

So wunfortunately, | conme back to a
final slide that is not too different from one of
my earlier slides, that there are two |aboratory
mar kers of clear clinical relevance in patients
with HV infection. | think these are |levels of CD4
T cells and levels of H YV RNA Hopefully as we
| earn nore about the disease and as we see nore
about how we perturb different Ilevels of these
markers with immune-based therapies, we may have
sonme better correlates than what we currently have.

CHAI RMVAN  MASUR: Ckay. Thanks very
much, Cliff, for that perspective. We are not
going to nmove on to the next talk which is on
clinical studies, where are we and where do we go
from here. And Jon Kagan will be pinch-hitting for
this talk. So, Jon, we appreciate your ability to
qui ckly transform yourself.

DR. KAGAN. | don't wusually have such a
great excuse to give a |lousy talk.

CHAI RVAN  MASUR: Al right. We will
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move on to the next speaker.

DR. KAGAN

talk to you today.

gone this norning,

So thank you for letting nme
Hearing the way the tal ks have

| really did want to keep this

right after dCiff's talk and | thank you for
setting up Ciff. Even though this was not staged
(of f the m crophone).

CHAI RVAN MASUR: t hi nk t he
m crophones need to be turned on.

DR. KAGAN. That's okay. | don't have a
tie to hook it onto. That is only because they
didn't call me early enough this norning.

CHAI RVAN MASUR: Dr. Fox wll lend you

his uni form

DR. KAGAN:. Okay. Does this work? Can

you hear? COkay. \What | hope to do in the renmarks

in the next couple of mnutes is to give you sone

words that m ght be of use in taking the coments,

and particularly some of the discussion about the

mar kers and what they theoretically can teach us

about the imune system and H 'V disease and how

those markers mght be wused in the context of
eval uati ng i nmune-based therapies. And then | think
sone of the sanguine remarks of Ciff Lane

regardi ng the potential for delusion between things

that we like to see and things that mean sonething
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to patients with HV infection.

So | want to put up on here the slide
cones from a Prentice paper years ago that really
sets the standard for a rigorous definition of a
surrogate marker. | even see that even on the
agenda for the neeting. | think there is a lot of
room for potential msinterpretation about this
word and | think we should be rigorous in sticking
to a definition of what this word neans. And | am
going to go to the extent of reading it to you
because | think that what often falls by the
wayside is that we, in talking about surrogates,
are tal king about markers that so strongly relate
to patients' clinical outconmes in the context of
treatnment that they nmay substitute thenselves for
clinical endpoints in the context of therapeutic
efficacy trials.

W are going to hear a |lot today, and
we have already heard a |ot, about things that
change in the context of HV disease, treated or
untreated. But it is a long road from things that
change to things that can be used to predict the
clinical outconme and that can be used to assess the
potential therapeutic benefits of interventions
t hat have not been validated wth clinical

endpoi nt s.

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

75

These are sonme tired exanples that
probably many of you have seen, but for those who
haven't are worth repeating. They give exanpl es of
when surrogates work, as in the case of H'V RNA to
very strongly predict <clinical outcone in the
presence of antiretroviral therapy to cases, both
positive and negative, where surrogates either
overestimate clinical benefit and then could, if
relied upon inappropriately, lead to the approval
of agents that actually do nore harm than good or
prematurely discard agents that | ook |like they are
no good when in fact they do confer clinical
benefit, it just doesn't happen to be reflected in
the surrogate or surrogates that we chose to
i nvestigate in the study.

So this is the question | asked to Al an
Landay and to others. So nmany observations -- so
many i mmunol ogi ¢ observations namde over all these

years, 20 vyears of reading the Journal of

| mmunol ogy, and LPA, CTL, cytokines, you nanme it,

up and down, over the course of the disease. Wiy is
it that Cliff Lane gets up here, and | agree with
him and can only say that CD4 and viral load are
the only useful markers. Okay? And | put it on
all of wus that we just haven't done the right

studies. We have not done the rigorous studies to
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val i date these narkers. Granted the technology is
going to open up new doors. But | am here to tell
you that we need to work better -- we need to work

a lot better than we have so far. W have failed to
validate markers in |arge studies. W have pursued
mar kers that have obscure relationships to disease
pat hol ogy. We have pursued markers that have |ack
of specificity for disease. It doesn't mean that
they can't be wuseful, but it makes it hard for
people to grab onto them Yes, there are technical
barriers which I think will always fall along the
waysi de. And as we know, there are the potenti al
for msestimtes, exanples of which | show you,
which lead to di m ni shed enthusiasm on the part of
the clinical conmmunity to enbrace these things. And
it is not easy. It is not easy to validate a
mar ker as a surrogate.

So | want to run through with you very
briefly a paradigm that has been put out there to
try to help clarify what markers can do and in what
cont ext . Probably some of you have seen this
before and the proposal from Donna M| dvan has been
to use a term nology that helps delineate between
different applications of markers. Type 0 being a
natural history -- | wll give you exanples of

these. Type | a marker of biological activity of a
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conmpound in vivo. And Type Il the true surrogate
for «clinical efficacy of which we have been
speaking just for a nonent here.

This is the kind of data, data that
John Mellors showed from the MACS study in which a
single Dbaseline RNA neasurenment could predict
proportion to AIDS-free survival at three years
down the road fromthe MACS. Ckay? That is natural
hi story data, Type O marker, very useful in the
overall context of telling us what the relationship
is between a marker and overall outcone. It has
nothing to do with therapeutics -- with therapeutic
interventions. It has no ability to junp from Type
O to surrogate marker of clinical efficacy, Type
1. And the startling exanple of that, everybody
should know, is P24, which | was interested by
Cliff's exanple. But everybody in this room should
remenber that although P24 -- people with high P24
have worse prognosis and P24 drops dramatically
upon the introduction of effective antiviral
t herapy. Those people whose P24 plumets versus
t hose people whose P24 either doesn't change or
i ncreases or goes from negative to positive, there
is no difference in the ability of P24 to predict
t herapeutic outcone. So the lesson here is |ook

and learn and renmenber that this is great for
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prognosis, very wuseful for telling us sonething
about the pathogenesis of the disease, and
conpletely, wuntil proven, useless for leaping to
t he point of surrogate.

Type | we put up there was the drug or
t herapeutic activity marker in vivo. And this is
what we nean as a marker that wll reflect the
activity of an intervention in a person, this being
a stylized ideal, and this being data from real
trials from nmultiple -- actually, the protocol 35
from Merck with Indinavir, showing particularly in
the earliest phase that antiviral effect is better
with three drugs than two than one. That is the
kind of data we need to validate that a conpound
has activity in vivo as an antiretroviral. Still
doesn't nean that a conpound -- that a marker, in
this case viral and RNA, did not prove that the
mar ker would have any surrogacy for <clinica
out cone.

This is the data. And wthout this
data, viral RNA is not a surrogate. This is the
data that relates change in viral RNA at both a
mllion and a hundred thousand copies at baseline
to the dramatic decreases in the risk of death only
can be confirmed by clinical endpoint studies and

| ooking at the correlation of the relationship
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bet ween those changes. This is a crappy slide from
a neta-analysis that M chael Hughes did sone years
ago. And don't even bother looking. | can just
tell you, though, it proves the same thing across a
whol e variety of antiretroviral studies, and it was
-- | think this data was highly influential before
this commttee sone years ago in the advocating for
the use of HIV RNA as a surrogate in the nmanner
t hat we use it today.

So going to the immunologic markers,
this is the sorry history. And you can add to this
list from what has been presented today. But the
point is that we have been pretty good at doing
some studies in the context of cohort studies to
gat her sonme of the Type O information. You can see
what | nmean by here is that if there is a plus,
that means there is sonme evidence that apoptosis
has been -- there is sone data relating apoptosis
to prognosis. And the nore pluses obviously the
strong the relationship.

But as you nove to the right across the
chart, here proof of the relationship between the
change in the marker and drug effect in vivo. You
can start to see the fall-out. And you get over to
this pretty sad |ooking colum where we just have

not done the studies. The question mark says we
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don't know. Okay? And you can see that the only
thing that really stands out here very well, CD4
1+, HIV RNA 2+, and there has actually been a
little bit of data to support Beta-2 and neopterin.
But unfortunately those nmarkers are probably good
exanpl es of the point | nentioned earlier in terns
of lack of specificity for the disease and probably
not offering anywhere near the predictive outcone
of plasma RNA, especially as it becones cheaper and
easier to do that test.

So here is a slide that was prepared
specifically for this meeting that hones in a
little bit nmre on the inmunologic neasures and
cones to the sanme conclusion. You can start on the
right and go to the left here. Again, you can start
with all the question marks, but my point is that
we are still only in this gray zone here for
proving relationship to activity detection of drugs
in vivo. | nean, we are off the ground in terns of
proving a relationship between these nmarkers and
prognosis. But the point is that it takes very
hi ghly coor di nat ed st udi es pul | ed of f i n
conjunction with study groups and organi zation and
pl anni ng and noney to do this stuff.

So we have been working off t he

exi sting paradigm for the |ast several years about
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the need to conduct marker validation studies in
the context of interventions that show clinical
benefits. The point being right that you can't
prove the utility of a surrogate unless you can
test it in the context of clinical benefit.

So | think that where we are now is
that we need to nove a little bit. And we need to
nove into an area where we don't sinply use
clinical benefit as the outcone against | ooking at
surrogates, but look at benefit in ternms of
rel evant outcones in today's treatnent environnent.

And these are sone that | would pose to you as
per haps year 2000/2001 potential outcones to be
| ooking at for the validation of markers. Al |
still in the context, | think, that Dr. Lane was

trying to give you, and that is real world stuff

t hat nmeans sonething to patient's health. I think
maybe some of us in the room mght be willing to
say that | ooki ng at i mmunol ogic restoration

i mmunol ogic failure on therapy and viral rebound
of f therapy. These are the kinds of things that get
cl oser than picking your favorite marker out of the

Journal of |mmunol ogy and saying, well, this | ooks

really good because this goes up or this goes down.
| think this is the kind of thing we have to start

| ooki ng at. Rebound on therapy, suppression of
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reservoirs and of course maintain the opportunity
to seize on all the opportunities that we have with
t he decreasing nunmber of clinical endpoint trials
to validate these markers.

And why does it seem so obvious to do

this but that this really doesn't happen? Well, in
terms of -- | amgoing to junp ahead of nyself here
-- i n terns of pl anni ng t hese st udi es

prospectively, we could build into a | ot of studies
t hese i mmunol ogic markers of interest. You can see
that it would allow us to do a lot of tests that we
currently can't do or can only do in real tinme. W
can target specific interventions, et cetera. But
the tests are often costly. They often have huge
variability probl ens between one center and
another. And so we balk at building these kinds of
exploratory tests into prospective studies because
we have no crystal ball. On the other hand, when
we go into the retrospective studies where we know
the outcone and there is an opportunity to | ook at
a marker and its relationship to the outcone that
is known, lots of times we are limted by what it
was that was collected in terns of sanples for
those trials, whether or not there were enough of
them given the variability of the assays that we

want to do to be able to conme to any neaningful
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concl usi ons, whet her popul ati ons were excluded, et
cetera.
So there are pitfalls and advantages of
both the prospective and retrospective approaches.
This is just a snapshot of what is going on in the
AIDS clinical trials group. The first kind of two-
thirds of the diagramjust giving you an i dea about
retrospective studies. There is sonething in there
about what we are doing. Let me just kind of walk
you through it a little bit. These are sonme of the
ol der studies, because there are still ol der marker
studies that are going on in the ACTG where we are
| ooking at the relationships between these markers
and these traditional endpoints, AIDS and death in
this case, the O -specific |ynphoproliferative as
relating to the <clinical opportunistic pathogen
endpoints. But there is novenent now to nove to the
areas of trials where the outconmes -- or studies
where the outcones are |ooking at discordance
bet ween RNA and CD4, radioi nmunologic restoration
and virologic suppression. And probably sone of
the nost exciting here | ooking at these inmunol ogic
markers in the context of an STl readout that is
viral rebound upon w thdrawal of an antiretrovira
t her apy.

So | think that where we are now is the
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tough job of not using sight of what it is we are

trying to do. Keeping a rigorous eye on what a
surrogate really is. And on not being led astray
by our theoretical interests about roles of

different cells or soluble factors in the inmmune
system And lastly, to kind of bolster the point
that | was making about this work being hard is
that | think to really tackle this problem of the
validation of markers for the use and the proving
of immuno-based therapies is going to take sone
Hercul ean efforts between academ a, industry and
governnment to do studies the |likes of which | don't
t hink we have seen so far. Those are ny comments
to you.

CHAI RVAN MASUR: Ckay, Jon. Thanks very
much for helping to define these issues of
bi omarkers and surrogate rmarkers. Agai n, we
appreci ate your pinch-hitting for Donna.

| think it is actually inpressive that
not only did we have three excellent talks, but
al so that we stayed on tine. So we will take a 15
m nute break and reconvene at 10:45 for Dan
Kuritzkes.

(Wher eupon, at 10:30 a.m, off the
record until 10:53 a.m)

CHAI RMAN MASUR: We are going to get
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started again in about tw mnutes. So if the
committee could take their seats. Okay, we will
wait for one nmore mnute while we assenble the
tardy commttee nmenbers. Okay, | guess we have
reached a quorum and we won't wait for your boss.
The next talk is on perspective on viral |oad and
CD4 counts by Dan Kuritzkes from the University of
Col orado. So, Dan, wel cone.

DR. KURI TZKES: Thanks very much. It is
a pleasure to be here. | would like to especially
thank Sherry Lord and Bill Schwi eterman  for
inviting me and for the several conference calls
t hat hel ped to focus ny talk.

I am going to be picking up really
directly from where Jon Kagan left off and also
picking up from the talk that Cliff Lane gave to
di scuss the wuse of viral markers to assess the
activity of imune-based therapies.

By way of introduction, | think
shoul d enphasi ze a couple of things. First of all,
| was really asked to ook forward in ternms of how
we mght think of creatively using both avail able
mar kers and markers in devel opnent. And secondly to
enphasi ze that nuch of what I will be tal king about
is about the use of viral markers as measures of

activity of immune-based therapy. So really the
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kind of Type | markers that Jon Kagan was talking
about. And acknow edge at the outset that there is
a very long road to go between providing evidence
of activity and evi dence of surrogacy.

It is useful in thinking about how we
m ght use viral markers to evaluate i mmune-based
therapies to ask what the goals of imune-based
therapy are. And | think clearly the goals are to -
- t hat I mmune- based therapy 1is directed at
nmodul ati ng the imune system in order to contro
H'V replication and enhance over al | I Mmune
function. Now | wll be focusing really on the
first of these goals of immune-based therapy in
terms of ny talk and the use of viral markers.

There are several potential nechanisns
of action of inmmne-based therapy with regard to
viral markers. IBT's may enhance HIV-specific
imunity, as we have already heard fromthe earlier
talks this nmorning. They may do this through the
direct effects of sone of these therapies such as
HI'V vaccines or the presuned effects of strategic
treatnment interruptions which can be thought of as
endogenous vacci nes. O indirectly through the
action of cytokines that mght lead to enhanced
Hl V-specific immunity.

There can also be general increases in
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i mmune conpetence, either directly through the
action of cytokines or indirectly through inmune
reconstitution that follows from effective contro
of virus replication.

An area of inmmune-based therapy that
gets less attention these days but is still a
possi ble use for such therapies is to decrease
cel lul ar activation directly t hr ough I mmune
suppressive agents i ke Cycl osporin or
Cycl ophospham de or corticosteroids, or indirectly
again through controlling virus replication which
in turn | eads to dimnished activation.

And then there is a category of agents
that block virus entry which are sonmetines thought
of as i mmune- based therapies. Al t hough with
apol ogies to my immunologic colleagues, | would
argue that although these may make use of the
i mmune system or take advantage of the i mmne
system to generate these agents, in fact they
really are the antiviral agents and | think should
be thought of from the point of view of the whole
process of denonstrating activity of these agents
and noving them forward as antivirals of a unique
class, and these wuld include virus-specific
anti bodi es and agents that block cellular receptors

for virus entry.
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Well, what are the possible virologic
effects of enhanced HIV-specific immunity? There
could be decreased virus replication, acceleration
in the clearance of infectious virions as Cliff
al r eady el uded to. One m ght elimnate
productively infected cells, presumably by agents
that are directly targeted or cellular effector
mechani sms that are directly targeted at these
cells. Elimnate latently infected cells, those
that continue to express HIV antigens even if they
are not actively producing infectious Vvirus.
Decrease the size or accelerate the clearance of
the latently infected pool of cells. Dimnish the
pool of available or productively infected target
cells. Again, this speaks to the decrease of
cel lul ar activation.

But there is a paradox as relates to
the 1immune-based therapies and the approach of
IBT's, and that is that these therapies seem to
work best in patients who already have the nost
intact immune systens. That effective control of
virus replication in general tends to provide the
opti mum substrate for the wuse of inmune-based
t her api es. And therefore t he efficacy of
antiretroviral therapies makes it difficult to

denmonstrate and i ncremental benefit of inmmune-based
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t her apy, particularly when focused on viral
mar ker s.

Now the traditional viral markers can
still be used in the evaluation of inmune-based
t herapies in several ways. One can think of them
in their current use, again as stressed by Jon
Kagan, as neasures of activity and in certain
contexts as neasures of efficacy, |ooking at a
decrease in plasma H'V RNA from baseline, |oo0king
at the proportion of patients or subjects wth
plasma HIV RNA |[evels that are suppressed to bel ow
the |limts of detection or at that tinme to
virologic failure. But in the context where you
already start wth patients who are maximlly
suppressed or where inmune-based therapies need to
be given wth maximlly effective antiviral
t herapy, these nmarkers are -- it is going to be
very difficult to denonstrate any increase in
activity of the regi nen based on these markers.

But these nmarkers my also have an
inportant role to play as safety nmeasures for
i mmune- based therapies, particularly in patients
who start off wth suppressed virus replication.
Because you would like to exclude evidence of an
increase in plasma virus |oad as evidence of

activation of viral replication as a consequence of
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i mmune- based therapy and exclude an increased rate
of virologic failure.

Now the problenms wth wusing these
traditional markers in evaluating IBT's | already
eluded to in part when | tal ked about the paradox
of IBT's. But obviously current antiviral reginmens
suppress plasm RNA below the Iimt of detection in
a large mpjority of patients, particularly in the
context of clinical trials. Virologic failure
rates are low, especially the true virologic
failures -- not the dropouts, but the actual
virologic failures. In the nost recent studies of
the last two or three agents to be approved and
reviewed by this conmttee, | think you are well
aware that we are | ooking at true virologic failure
rates on the order of 5 percent or so. And this has
t he consequence of requiring studies of extrenely
| ong duration or very large sanple size in order to
show some increnental benefit of an inmune-based
t herapy added to antiviral therapy. And i think we
all recognize that it is inpractical for the
purpose of selecting agents that should nove
forward into further developnent to be relying on
800- patient studies sinply to decide which agents
woul d truly deserve |large efficacy trial

And of course the potency of antiviral
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t herapy continues to inprove as wi tnessed by sone
of t he nor e recent conbi nati on agents or
phar macol ogi cal Iy enhanced pr ot ease i nhi bitor
agents that have now come into clinical practice.
So in thinking about how viral markers
m ght be useful, especially how we mght |ook at
them froma novel point of view, | wanted to review
just very briefly the dynam cs of H V infection and
then contrast what we see in the pre-treatnment
steady state to the treated patient, and of course
these are data that are well famliar to the
menbers of the commttee and the audi ence. But we
start with plasma virus, which has an infectious
half-life of one or two hours or |less according to
the nost recent data from the group wth Aaron
Di anond and Al an Perelson. If the virus encounters
a susceptible cell, generally a CD4+ T cell, those
cells go on to beconme productively infected,
rel easing new infectious virions and die with a
half-1ife of about a day and a half, |eading to the
conpletion of this cycle in a period that seens to
occur over a two to two and a half day period. Sone
of the time, though, these cells, either at the
time of initial i nfection or subsequent to
i nfection and t he conpl etion of reverse

transcription and integration, becone resting cells
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and therefore contribute to the pool of latently
infected resting CD4 T cells and presumably also
monocytes, and these cells have a half-life that is
much longer than the productively infected cells
and the real half-life of these cells | think we
don't have an accurate estimate of yet. Al t hough
t hese cells can obviously be activated at any tine
to enter into the pool of productively infected
cells, after which they die quite quickly.

Now another factor to be considered,
especially when we begin to think about sonme of the
mar kers that mght be used, is that sone of the
time
-- and the proportion of this pathway is really not
at all clear. Virus that is capable of conpleting
the entry, reverse transcription and integration
steps may nevertheless lead to dead-end infection
because there is sone subsequent block to
production of infectious virus. And these defective
pro-viruses then accunulate in cells and the actual
turnover of cells that are infected with dead-end
virus is also not known, but these cells can
confound sone neasurenents of the pool of latently

infected cells depending on the marker being used.

Now in the patient who is on antivira
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therapy and is fully suppressed, the relative
i nportance of these pools may shift, at |least from
the point of view of attenmpting to quantify what is
going on. The plasm virus is either unnmeasurable
or barely neasurable with concentration techniques
and highly sensitive assays. There my be
persistent virus replication occurring, but it is
occurring at very low levels and may require access
to tissue conpartnents in order to detect. And so
what we are left with is a pool of circulating
latently i nfected cells and this pool of
defectively infected cells or cells infected with
defective pro-virus which contribute to the
gquantification.

So what markers mght be available to
use in this setting then to see whether we can
identify activity of immune-based therapies in this
context. We could attenpt to quantify pro-viral
DNA. To quantify by quantitative culture latently
infected resting CD4+ cells. To meke sone
quantitative assessnent of resi dual Vi rus
replication through the use, for exanple, of 2-LTR
circle assays, in situ hybridization for spliced
and unspliced HI'V RNA, or in a nore cunbersone
approach by |ooking at viral sequence evolution,

and | will show sonme illustration of each of these
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appr oaches.

There are also indirect neasures of the
effects of HI V-specific I munity on Vi rus
replication. These would include |ooking at
alterations in the rate of viral rebound after
treat ment i nterruption, and Cliff al r eady
i ntroduced this concept. Looki ng at the magnitude
of virus rebound after treatnment interruption. O
| ooking at the proportion of patients who have
spont aneous control of virema to below sone
threshold value, and here it 1is obviously not
spont aneous but the hypothesis is that this control
is the consequence of the inmune-based therapeutic
in question. But whether this threshold should be
bel ow the level of detection as currently we hold
antiviral agents to below sonme higher threshold
such as 500 copies per m or 10,000 copies per m,
| think these are inportant questions which have
i nportant inplications.

It is also inportant to keep asking how
these different changes correlate wth nore
tradi tional immnol ogic nmeasures, in particular the
CD4 cell count, and what the durability of either
the slowmy rebounding virus replication rates would
be or the new threshold is.

wel I, what about proviral DNA

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

95

quantification? The advantage to this approach is
there are a nunber of prototypic assays that are
currently in devel opnent. These are easily
anmenable to standardization wusing existing PCR
t echnol ogi es and can be used with stored speci nens,
which is a really very inportant advantage and gets
over sone of the hurdles as far as |ooking at
stored specinmens from previous cohorts where we
al ready have clinical endpoints and outcone data,
at | east for | ooki ng at its utility
retrospectively.

Unfortunately, though, there are these
two conpartnents or two pools, the defectively
infected cells and the cells that are latently
infected, and these pools turn over quite slowy.
So we would expect to see changes in the
quantitative nature of this marker that would occur
very slomy. And we really don't know what the
relevance of the ~cells that harbor defective
provirus is to overall infection and to what extent
they will confound this neasurenent.

Now | ooking at the decay of latently
infected resting CD4 cells -- these are the data
from Finzi, et al., from Bob Siliciano's |ab
showi ng the very slow decay in a group of patients,

many of whom may have been nonadherent to therapy.
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And again when they |ooked at the aggregate sl ope,
t hey coul dn't find a difference that was
statistically neaningful from zero. So it is
concei vable that the decay could be enhanced by
altering the host virus specific immune response
and that denonstrating acceleration in the decay of
this pool m ght be taken as activity that the agent
was  at | east doi ng sonet hing. VWhet her t hat
sonething is of clinical inportance or not would
require further study. But it would be sone reason
for hope and nmoving forward and further eval uation
of that agent.

And t hen, of cour se, as Bhar at
Ranratnam and the group at Aaron Dianond have
shown, these slopes are actually quite variable and
may depend very much on the extent to which the
patient is adhering to the baseline antiviral
t herapy, since those patients who had no blips
above 50 copies had already negative slopes in the
decay of this pool, whereas patients who had
intermttent virema had apparently shall ower
sl opes, and those who had frequent blips either had
no decay or in fact even an increase in the size of
this pool.

The other problem of course, is that

these are extrenely |I|abor intensive assays. The
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inter-assay variation is quite great and to do
t hese assays properly requires a fair volune of
bl ood, which would make their routine application
in large clinical trials quite cunbersone.

Looki ng at evi dence for persi st ent
virus replication, perhaps one of the nost
prom si ng assays, although one that is a |long way
fromvalidation, is the use of the so-called 2-LTR
circle to provide evidence of recent Vi rus
replication. Recal | that the wviral genomi c
material has two long term nal repeats, one at the
five prime end and one at the three prime end. And
when the virus undergoes reverse transcription to
generate |inear doubl e-stranded DNA that the |inear
DNA nolecule is the nolecule that integrates. But
in cells where there is sonme blocked integration,
one of two circular fornms can be generated --
either the circle which has a single LTR or a
circle that has two LTRs. And for the point of
view of this assay, the only significance to the 2-
LTR circle is that one can design PCR priners that
uni quely detected 2-LCR circles and cannot be
confused with either integrated |inear proviral DNA
or with genomic RNA. And since the only time you
have two LTRs together in this kind of apposition

is as a result of this process. Now it is believed
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largely fromthe result of in vitro work, although
there is still some in vivo validation to be done,
that 2-LTR circles are relatively unstable and
decay quite rapidly after unsuccessful infection of
a cell as shown on the left panel here using HV 1-
LAI, and these are data from Sharkey, et all,

published in Nature Medicine earlier this year. And

that if you conpletely block further rounds of
replication, you see the decay of two LTR circles
over the course of three days.

This was then taken as evidence -- one
can then -- if it is true that these circles decay
quite quickly after the cessation of Vi rus
replication, then the persistence of circles mght
be taken as evidence of ongoing replication and
evi dence particularly of recent replication. And so
they looked at a group of patients who had
undetectable plasma HI'V RNA for many nonths up to a
year and a half and could see that even in patients
out at 15 nonths, those who had plasma virem a that
fell belowthe limts of the current plasma H V RNA
assays, they were nevertheless able to detect in
circulating <cells evidence for recent Vi rus
i nfection. And so one could imgine that if this
assay were standardi zed, and certainly because it

is a PCR-based assay and could even be inproved by

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

99

the use of TAC man technol ogies for exanple, that
these assays <could be mnmde quite precise and
reproduci ble. And that an inmmune-based therapeutic
that led to the di sappearance of 2-LTR circles from
the circulating cells of patients who were already
virologically suppressed again mght be taken as
evi dence that the agent was doi ng sonet hing.

More cunbersonme nmeasures of ongoing
virus replication include in situ hybridization for
spliced and wunspliced nessenger RNA. And here
usual |y both species are nmeasured because unspliced
H'V RNA may be genomic RNA that is being produced
by the cell or packaged RNA inside virion particles
attached to the surface of the cell, whereas
spliced RNA is evidence that there is sone active
transcription occurring and processing of viral RNA
intercellularly. Here you see froma recent Nature
Medi ci ne paper by Reinhart, et all, the evidence
|l ooking at -- these are cells that have been
transfected with plasm ns that produce rev and gag
messenger RNA and |ooking at wunspliced and LTR
spliced nessage and then | ooking at tissues This is
with an SIV specific probe, but the sanme kinds of
probes can be generated to look for HV, here
| ooki ng at spliced nessage, and you see here in the

ger m nal center evi dence of transcriptiona
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activity, and then an unspliced nessage shown here
in the surroundi ng region.

O looking at gut tissue in this paper
by Lingi Zhang and again the group from Aaron
Di anond showi ng evidence of these rare cells, which
on higher power show evidence of persisting virus
production. But if we needed to get tissue sanples
in order to do this, again the ability to sanple
frequently and to sanple in |arge nunbers would be
a mgjor challenge. And also the inter-assay
reproducibility or inter-patient variation in these
measures is conpletely undefined.

Anot her hypot heti cal approach, one that
has been used to argue for the persistence of virus
replication as well as to |look at the source of
virus fromdifferent pools following stimulation is
to exam ne sequence evolution. Again, from the
sane Zhang paper, there was evidence here of
conti nui ng Vi rus evol ution t hat argued for
persistent virus replication in the apparent
setting of controlled replication because of
undetectable plasma virema. This would be a very
cunbersone and tinme consum ng process, although one
that could be done using stored sanpl es.

What about the issue of |ooking at sone

of the less direct evidence using viral rebound
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follow ng treatnment interruption. There are
several studies now that have |ooked at viral
rebound in different context. These are the data
from ACTG 343 that were published by John loannidis
and the 343 team for patients who were failing
therapy after a switch to a sinpler nmaintenance
reginen. And these are data from the Spanish
treatment interruption study from Garcia, et al.,
and then al so data from Avi don Neunmann using a data
set from the Dutch group with the two cycles of
initiation of therapy and then interruption. |
t hi nk enough data have been generated now that we
can actually begin to get sone sense of what the
interpatient variation is in the rates of wviral
rebound, so that at Ieast for the purposes of
sanpl e size cal culation, we begin to have sonething
to go on as far as what the expected rebound rates
ar e, how many patients would be needed to
accurately determ ne the rebounding rates and what
sort of sanple size you would need to be able to
detect the difference in the rate of rebound
between a treated and untreated group.

It is also possible, as was done in
this paper by Richard Harrigan and the group at
University of British Colunmbia in Vancouver to

extrapol ate backwards from the rate of rebound to
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what the likely pre-treatnent interruption |evel of
plasma -- total plasm body virus must have been,
assum ng that there are constant rates, although
that is a huge assunption and one doesn't know t hat
there wasn't sone plateau here and then a take-off,
because you are really extrapolating well below the
limts of detection, and those are indicated by
these dotted lines that don't project very well.

Well, what does all of this nmean? I's
the rate of rebound related to the eventual steady
state, or do you sinply take a longer or shorter
time to get to the sane steady state. How does the
viral load plateau, follow ng post-inmune-based
therapy rebound relate to the risk of disease
progression? What about the T cell count in these
patients, and what is the clinical significance of
decreasing the pool of latently infected cells, and
is there an incremental benefit to extinguishing
residual viral replication? W would like to think
that there is, but it is not -- since we can't find
good evidence for the enmergence of drug resistance
in sonme of these patients, it is uncertain exactly
what the nmeaning of this residual pool is.

And to illustrate sonme of t he
difficulty in relating the effects of an immune-

based therapeutic to an antiviral effect, the very
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recent paper in Nature Medicine by Hel and

coll eagues | think makes the point very nicely.
This is actually the cartoon from the acconpanyi ng
news piece by Eric Rosenberg and Bruce WAl ker. But
in essence, they took 24 macaques who were acutely
infected with SIV and then the nmacaques were either
treated with a potent antiviral reginmen and given a
Sham vaccine, treated with therapy and given an SIV
vacci ne that expressed several SIV antigens or
given vaccine alone. Although even | am having
trouble from this point reading the nunbers, in
essence what they found after a period of
vacci nation and/or treatnent that four of the seven
ani mal s who recei ved treat ment al one had
spont aneous control of virem a. Six of eight who
received therapy and vaccine had spontaneous
control of virema, and only one of eight who
recei ved the vaccine alone had spontaneous contro

of virema. And this was after the therapy was then
st opped.

Now just to summarize this for you
because again the slides won't be readable, but the
dilemma here was that there were -- the group that
got vaccination and treatnent had the best evidence
of immune response. But having better inmmune

responses in this case didn't really translate into
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having anything different in terns of control of
virem a. Because the sanme nunbers of animals had
spont aneous control or simlar proportions of
ani ml s had spontaneous control of virema in when
they therapy in these animls was stopped. And this
led the authors to conclude in a statenent that
seemed sonmewhat rueful, "The effect of antiviral
therapy alone has interfered with our ability to
reach unequivocal conclusions on the contribution
of vaccination to the containment of virema
following treatnent suspension. And | think this
captures really very nicely the dilemma that we are
all living wth.

And simlarly with the data that Bruce
Wal ker has recently published, where there were
five patients who were able to mintain virema
bel ow 5000 copies per m. The 5000 copy threshold
is an arbitrary threshold here, in part because
most of the patients fell below it one suspects,
and it is really not certain how this relates to
our nore traditional ways of thinking about the
risk of disease progression given a particular
viral setpoint.

You've seen this slide a couple of
times already this norning, but renmenber that these

data from Mellors |look at patients follow ng
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unmani pul ated natural infection. And whether an HV
RNA | evel or setpoint of less than 5000 copies in
t he absence of any intervention has the sanme risk
of disease progression as a plasma H V RNA | evel of
| ess than 5000 copies following such manipulation
is something that remains to be reestablished, |
t hi nk.

It is also inportant to renmenber from
t he neta-anal yses that have been done -- and this
is nore recent data from the same neta-analysis
that M chael Hughes led, that it is not just the
contr ol of virus replication, but also the
i nprovenent in CD4 cell count as a marker of inmmune
reconstitution that confer «clinical benefit. So
here |ooking at the proportion of patients
progressing to AIDS or death, those patients who
had the best response or the best prognosis were
t hose who had control of both virus replication and
an increase in CD4 count. But those who had an
increase in CD4 count, even wthout conplete
control of wvirus replication, had the next best
outconme, and control of virus replication wthout
evidence of CD4 cell reconstitution had an outcone
that was not quite as good. And this has been
shown nore recently with nore potent therapies by

the European group. Actually, 1 believe this is
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fromthe French Aquitaine cohort. The data are just
plotted in the inverse direction. So this is
proportion remaining AIDS free. And again, those
who had no virologic or immunologic response had
t he worst prognosis, but having either a conplete
response, meani ng both an i mmunol ogic and virol ogic
response, or having a partial virologic suppression
with a good i mune response, that is a significant
rise in CD4 count, led to an outcone that was not
substantially different. So even if we focus on
viral markers as evidence for the activity of
i mmune- based therapies, we wll still need to be
asking what are they doing to CD4 cells and to the
i mmune function of the host overall.

So in terns of selecting viral markers
for immne-based therapies or for trials of inmmune-
based therapies, | think there ought to be going
into the study a hypothesis regarding the mechani sm
by which the immune-based therapeutic is expected
to produce a virologic benefit. And the choice of
the virologic marker then should be based on the
proposed nechanism of action of the agent in
questi on.

To concl ude, I woul d say t hat
treat nent - associ ated change in sonme of the novel

viral markers mght be wuseful for establishing
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proof of concept and that such a change m ght be
used to justify a larger, random zed trial, but
that these novel nmarkers are going to require
val i dation of surrogate markers before they can be
used in Phase IIl studies for the further study of

-- or devel opnent of inmmune-based therapeutics. And

| will stop there and turn this back over to the
chair.

CHAI RVAN MASUR: Al right. Thanks,
Dan. W wll have, I am sure, considerable

di scussion about this this afternoon. W are now
going to nove on to perspective on other markers of

i mmune function by Mke Lederman from Case Western

Reserve.

DR. LEDERMAN: Thanks, Henry. Thanks,
Dan, for your introduction. And I will be talking a
little bit about the use of immune-based -- how do

we use markers to validate the potential utility of
i mmune- based therapies. And in contrast to Dan, who
has been tal king about agents that could be useful
in terms of limting viral replication, | am going
to talk primarily about agents that may have sone
utility in terns of enhancing i mune responses in a
nore general way.

| think this is particularly inportant

now because it is clear that we are going to have -
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- there are an increasing nunber of interesting-
| ooki ng nol ecules. And in tine it is likely that we
are going to have even nore interesting nolecules.
And unless we -- the timng is very good nowto try
to reconfigure and rethink how we develop these

nol ecul es for their potential clinical utility.

So if | could have the next slide,
pl ease? | know we will get through this. There we
go. The first thing that | want to say is to

anplify on sone of the discussions that were made
earlier, presentations by Larry Fox, are that
i mmune restoration, even in people with excellent
suppression of viral replication, is inconplete at
best. And these are sinply sonme data taken from one
ACTG study that denpnstrate the CD4 cell rise after
a year of therapy. And although you can't see the Y
axis very well here, the total CD4 count at the end
of a year - this is the nmedian CD4 cell count in
this population -- was about 400. Actual ly, |
think it was 350. And at the end of three years of
t herapy on these sane patients, anong those who had
excell ent suppression of viral replication, the
median CD4 cell count was just around 400,
indicating that nore than half of the patients in
this study had circulating CD4 cell nunbers that

were below the 95 percent confidence limts anong
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normal , healthy HI V-uni nfected persons.

Next slide please. When one |ooks at
functional ability, and this is an in vivo neasure
of inmmune conpetence, which has sonme utility in
terms of cross-sectional and |ongitudinal studies
in terms of predicting outcome in HV disease, we

can see that even at the end of 48 weeks, only

about a third of patients -- a little nore than a
third of patients - - have any del ay-type
hypersensitivity reactivity at all, whereas 60

percent of patients remain anergic, and in a
heal t hy popul ation, 90 percent of persons should
have some DTH response to any one of a panel of
t hese DTH anti gens. So both in ternms of phenotype
and in terns of function, the i nmmunol ogic
restoration that we see with suppressive antivira
therapies is inconplete at best.

So how do we develop agents that my
i nprove i mMmune responses in HV disease. Dan tal ked
alittle bit about how one m ght be able to nonitor
the activity of agents that may enhance HI V-
specific offenses. But we also need to |ook at
agents that may enhance immune function that may
prevent against opportunistic infections and other
related conplications, and that is what | wll

focus on in the remaining nonents that | have.
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So can we wuse |aboratory indices to
eval uate the potential utility of these agents that
could inprove imune conpetence? To date, as has
been enphasized by a couple of the speakers, there
are only two |aboratory markers that have been
shown to predict clinical benefit in the context of
antiretroviral treatnment trials, and those are
levels of HV replication and the circulating
nunber of CD4+ T | ynphocytes.

Circulating CD4+ T cells are a very
useful marker that predicts the outcome in HYV
di sease. They predict the outcone in natural
hi story studies. They increase with antiretrovira
t herapies and predict the clinical course, and they
can be used as a guide for the admnistration of
prophyl axi s agai nst opportunistic infections. So in
a general way of |ooking at these nunbers, it is a
fairly good reflector of immune conpetence.

So what happens when we give an i mmune-
based therapy? Well, here is sone data from an ANRS
study that show a nice CD4 cell rise - a nice rise
in the circulating nunmbers of CD4+ T cells anong
persons receiving Interl euki- 2.

So the key question that I know
everyone

-- many groups here are westling with is whether
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or not a CD4 cell increase after |1L-2 therapy
confers clinical benefit. The increases are
polyclonal. The cells are clearly functional ex-

vivo. And in terms of the relative significance of
this, one can draw an analogy to what we see in
terms of the CD4 cell increase after HAART, which
is the first phase CD4 cell increases, which are
largely redistributive in nature, are tenporally
associated with a clinical benefit. Now the caveat
here is that these increases are also associated
W th di m ni shed viral replication and al so
di m ni shed consequences of viral replication on
i mmune activation that could also play a role. But
we have reason to think that these nunbers -- just
increasing the nunbers of these cells may turn out
to be useful.

So what | am going to do is nove ahead
a couple of years and a couple of tens and perhaps
even hundreds of mllions of dollars now The
results of ESPRIT and SILCAAT are out and they
confirm the «clinical benefit of Interleukin-2
adm nistration in HV infection. And not only wll
this make many people very happy, but it my be
very useful for wus in terns of validating a
clinical marker or a laboratory marker of immne

compet ence.

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Well, the news is even
is even better because ESPRIT and

the benefit of IL-2 adm nistrati

112

better. The news
SI LCAAT show t hat

on is conpletely

expl ai ned, as statisticians like to put I n

parenthesis, by an increase in the circulating CD4+

T cells counts. And so this real

ly validates the

concept that increasing CD4+ T cells is enough to

enhance i mune functi on.

So as ny grandnot her

used to say, how

will this be good for us Jews. And the answer is

that it is not clear. It is not

cl ear. Because

denmonstrating this and showing that an increase in

CD4+ T cells may not help us at

all in terms of

devel opi ng other interesting immunol ogi c nol ecul es.

For exanple, it is not clear that

increase in CD4+ T cells wll

devel opnent of agents i ke

showi ng that an
help us in the

I nterl eukin-12,

I nterl eukin-15, Interleukin-16, flt-3 ligand, CD40

ligand, CPG notifs, B cell stinmul

| nt erl euki n-7, GM+ CSF. So there

things that are floating out ther

ators like BlyS
are all these

e that may be of

sone utility in human di sease. But show ng -- just

denmonstrating and validating a cl

one i mrune-based therapeutic trial

inical marker in

may not hel p us

in terms  of devel opi ng anot her i Mmune- based

t her apy.
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So what about in vitro |aboratory
mar kers? Well, we have got lots of them And the
advant age of these markers is that we can exam ne
them both prospectively and in retrospective
studies, and they are particularly useful in terns
of asking questions about di sease pat hogenesis. But
they may have limted utility for the devel opnment
of i mmune-based therapeutics, because the prom sing
reagents that we have available to us exploit
mul tiple di fferent mechani sns and mul tiple
di fferent pathways for regulation of inmunologic
responses.

So | think what | wuld Ilike to
suggest, and what | am going to propose to this
group is that we try to develop sone final common
pat hway readout for inmune conpetence.

So let's go back again. In this regard,
what -- maybe | would like to ook at a clinical
endpoint trial maybe from an overview and different
per spective. So when you generate a clinical
endpoint trial, when you put one together, you have
i ndi vidual s who agree to participate in the study,
and they my or my not be randomzed to a
treatment reginen. And then they are observed for
their ability to nount or maintain a protective,

adaptive inmmune response to a mcrobial challenge.
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And that is really what we are trying to do in

terms of a clinical endpoint study in HV disease.

Now one of the I|imtations of these
studies is that the investigators have limted or
essentially no control over the challenge, and it
pl aces persons at risk for norbidity and death,
which are in fact the endpoints of these studies.

So this raises the question as to what
really are we talking about when we talk about
adaptive immunity. In contrast to what Jon Kagan
al ways says about the adaptive immune system he
mai ntains that this is a nmeans to keep clinical
i mmunol ogi sts enployed. In fact, there is another
role for adaptive immunity. And in a nutshell, it
is largely a mechanismthat permts the survival of
| ar ge, bul ky or gani sns t hat have limted
reproductive potential and great |love for their few
of fspring, neaning that they have a faithful DNA
pol ynmerase, by pronoting the ability of these

organisns to evolve in the absence of germ line

mutation. And | think really -- | mean, that is
really what an adaptive inmmune response is. That
is, | think, why we have it. And so an adaptive

i Mmmune response pretty nmuch nediates the evol ution

of an i mune response to a mcrobial challenge.
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So can we develop a nodel to test in
vivo? And | think that Cliff is exactly right when
he says in vivo veritas. The ability to mount an

adaptive inmmune response to a mcrobial challenge.

Well, one thing that we can think about
in terms of an in vivo neasure of imune response
is delayed type hypersensitivity responses to skin
testing. One, DTH responses are predictors of
outcome in natural history studies. Two, they
i nprove with suppression of H'V replication. Three,
they are relatively sinple and certainly safe.
Four, they measure primarily CD4+ T cell responses,
but they can be nmanipulated using peptides to
measure CD8+ T cell responses. On the downside
t hese assays are not standardized. They are not
terribly reproducible between individuals or even
in the sanme individual over tinme. And they neasure
the efferent |linb of the adaptive inmune response

to mcrobial antigens.

What about i nmmunization? Well, in fact
i mmuni zation really is a form of m cr obi al
chall enge, and one can utilize conplex or sinple

antigens to neasure a CD4+ T cell response or a B
cell response to a mcrobial chal | enge. An

i mmuni zation strategy or an inmrunization test can
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test both the afferent linb and the efferent |inb
of the imune response, and one can even utilize
met hods for intracellular gene expression to induce
a CD8+ T cell response either using a DNA or an RNA
vector or perhaps even a virus or a viral vector or
an attenuated viral vector to get a Class |
restricted T cell response.

So you can use antibody [levels,
measur enent of anti body |evels, to neasure a B cel
response. One can use DTH to nmeasure a CD4+ T cel
response and possibly a CD8+ T cell response in
vivo. And you can also use in vitro assays, any one
of a nunber of the assays that Alan reviewed
earlier this norning, to provide a detailed, cell-
specific fine characterization of responses.

So has there been a |ot of experience
with |ooking at the response to immunization after
HAART? Well, there has been a |limted study by the
ACTG 375 group that denpnstrated that the magnitude
of responses as neasured either in ternms of
| ynphocyt e proliferation or del ay type
hypersensitivity or antibody |levels was related to
t he degree of HV inhibition to decreases in immune

activation and also to expression of a co-receptor

for T cell activation, CD28. What is nobre, in
t hese parti cul ar st udi es, t he appropriate
SA G CORP.
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representation of naive cells determne the ability
to respond to neo-antigen inmunization and the
appropriate representation of nenory CD4 cells
predicted the ability to have a recall response.

So another advantage of trying to
develop this strategy as a neans to evaluate the
activity of imune-based therapies is that you can
time your opportunistic infection. You can tinme
the O type challenge by the trial design. That is,
if you nake a determi nation that you are going to
apply an inmmune-based therapy, you don't have to
wait for something to happen. But you can actually
say on week four or on week eight or on week twelve
or whatever the appropriate timng is, you can
challenge a person with a mcrobial antigen or
anti gens.

Thi s approach, at | east In
devel opmental studies, avoids the norbidity of
clinical endpoint trials. And | am not saying that
we don't need to validate the wutility of this
approach in the context of clinical endpoints. But
just in ternms of early devel opnent, one can attenpt
to do this without a clinical endpoint study. You
can define the study. You can power your study and
end up with a nore rapid trial conpletion and

obviously fewer subjects wll be needed to
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contribute to the O chall enge. That is fewer
subj ects are needed because all individuals in the
study will be part of the -- will be candidates for

t he chal | enge.

So in order to take this any farther, |
think we need to have systenms for immunization and
we nmust standardize them We need consensus
met hods and reagents for imunization, whether
t hese be conplex antigens or nmechanisns to deliver
intercellular -- sequences for intercellular gene
expression. W need to have vectors to test B cell,
CD4+ T cell and CD8+ T cell responses. And of
course we need consensus nethods for neasuring
t hese responses to m crobial challenge.

So finally, how do we validate the
i mmuni zation responses as a predictor of O
protection? And | think there are a couple of
things that we have to start. Once we have
identified what sorts of standards and what sorts
of assays we are going to use, we can perhaps | ook
at sonme cross-sectional studies to see if there is
a reasonable relationship between the ability to
respond to inmuni zation and the stage of disease.
One can look at this in the context of response to
antiviral therapies and as well ultimtely perhaps

in the context of response to imrune-based
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therapies. | will now turn this over to Dr. Masur
Thank you.

CHAI RMVAN  MASUR: Thanks very nmuch,
M ke. We are now going to go to the last of our
presentations bef ore | unch, whi ch wi || be
limtations and conplexities of biomrkers, and we
are delighted to have Tom Flemng from the
Uni versity of WAshington here.

DR. FLEM NG Thank you, Henry. Can
you hear me? Jon had pointed out that there are
several levels of types of mnmeasures of biologic
activity, and specifically a key interest is
| ooking at these neasures of biologic activity as
repl acenent endpoints, or | think he referred to it
as tie-2. And what | would like to do in particular
then over the next 20 mnutes or so is discuss the
limtations and conplexities that we encounter in
using these biologic markers as surrogate or
repl acenent endpoints for true neasures of clinica
benefit.

So in essence just to quickly review
If we are looking at identifying endpoints in a
pi votal study, there are a couple of major criteria
that we would focus on. One is we want those
measures to be sensitive to the effects of

treatment. And just as a sinple exanmple, if we were
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looking at an analgesic in a termnally il
patient, certainly survival is very relevant, but
pain relief is going to be particularly sensitive.

Qur interest in biologic mrkers is
partly based on the fact that they certainly are
anticipated to be sensitive to the intended
mechani sms of the intervention. But it is also
critically inportant that they be clinically
rel evant and the considerations of clinical
rel evance depends on whether we are |ooking at a
Phase |l screening evaluation or a Phase |II
definitive evaluation. Certainly in a screening
evaluation, it is key to assess biologic activity.
And as we have seen, neasures of viral 1oad or
i Mmmune status are going to be particularly
sensitive and allow us to establish plausibility
that will be able to achieve clinical benefit.

| f we have est abl i shed t hat
plausibility, typically then we want to nove into a
Phase 111 or definitive evaluation to define the
role of the intervention in the clinical practice.
And the neasures really in particular of interest
are clinical efficacy. And when | refer to that, |
am t hi nking of measures that unequivocally reflect
tangi bl e benefit to patients. Duration of surviva

and overall quality of life measures, synptomatic
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Al DS defining events, functional status. As we
well know, the challenge is to be able to asses
these clinical efficacy neasures often takes |arge
trials and long-term studies. So there is this
great interest in |ooking at replacenent endpoints.
And frequently measures of biologic activity are of
primary interest, partly because these neasures can
be assessed in a nmuch shorter period of time, and
generally they, by their selection, are neasures
t hat we understand are correlated with the clinica
endpoints. So the typical approach, then, has been
to surrogate endpoints to identify mnmeasures of
bi ol ogic activity that are correlated with clinical
endpoi nts, show the effects on these nmeasures, and
t hen hopefully be able to conclude that we achi eved
clinical efficacy benefit.

Well, the issue is given that our goal
is to be able to ultimately understand the effects
of the interventions on neasures of clinical
efficacy, showing effects on biologic narkers
certainly does establish biologic activity and the
plausibility of achieving clinical benefit, but
does not necessarily give us definitive evidence of
that clinical benefit. And to give a few
illustrations here of how this paradox in fact can

specifically arise. A given disease process nmay
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well causally induce an effect on a surrogate
marker as well as on a true clinical endpoint. And
yet if this surrogate does not Ilie in the
pat hophysi ol ogi cal pathway by which the disease
process induces the clinical outcone, even though
these two are correlated, having an effect on the
surrogate does not necessarily reliably predict an
effect on the clinical endpoint.

As an illustration of this, if we |ook
at a setting where | have spent a lot of my own
personal time in research, which is mternal to
child transm ssion of H'V in devel oping countries,
in this setting the disease is infection in the
not her. The true clinical endpoint is transm ssion
of the infection to the infant. A goal in this
setting in developing countries in particular is to
find interventions that can be delivered at the
initiation of |abor and delivery. W know in this
setting that CD4 count is correlated with risk of
transm ssion, but it is highly inplausible that an
i mmune- based therapy delivered at the initiation of
| abor and delivery that would affect CD4 count, for
exanple, would have an inpact on transm ssion of
HI V.

A second nmajor explanation of this

di sconnect between an effect on a marker and an
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effect on a clinical endpoint is explained by the
realization that a disease process can actually
have several causal pathways through which the
clinical endpoint is induced. And the surrogate
may, in fact, lie in only one of these pathways. So
if we, for exanple, <continue to consider the
setting of an HIV-infected woman but now | ook at
transm ssion of -- heterosexual transm ssion of HV
as the clinical endpoint, if the surrogate endpoint
is of plasma viral |oad and we | ook at an effective
intervention on plasma viral |oad, that in fact may
represent part of the overall risk, ultimtely
t hough it may be viral load in the vagi nal nucosa,
which is nmuch nmre indicative of ri sk of
het er osexual transm ssi on. And | f t he
intervention's effect is predomnantly on plasna
viral load, we may be significantly overestimating
the effect of the intervention on risk of
het erosexual transm ssion. O conversely, if the
intervention's effect is predom nantly on vagi nal
mucosa viral load, we may be underestimting the
effect by looking at viral load in the plasm.

And certainly if we were |ooking at
i mmune- based therapies, these sane issues arise. W
have heard a lot of informative discussions today

about t he myri ad of di fferent i mmune- based
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i mmunol ogic neasures or effects that can be
i nduced. So, for exanple, if we are |ooking at one
pathway that is related to CD4-based effects and
another on CD8 or cytologic T |ynphocyte based
effects, if we have targeted as our surrogate the
specific pathway that actually 1is the |esser
inmportant in ternms of the overall progression of
HIV, t hen i n this setting we woul d be
overestimating the ultimte effect and in this
setting we could be underestimating the ultimate
effect.

And | think we often don't give proper
attention to the fact that over-reliance on
surrogate neasures can actually lead to an
underestimate or a mssing of potentially effective
interventions. And | think Jon referred to one
exanple of an inmmune-based therapy in an immuno-
conprom sed patient population where reliance on a
surrogate led to an wunderestimate. | wll just
briefly elude to that again. It is the setting of
chroni c granul omat ous di sease, which is a setting
in whi ch nm cr oor gani sns - - basical |y t he
intervention is gamm-interferon, and it was of
interest in this setting because m croorganisns
engulf the overall Infectious cells but are

ineffective through a lack of a generation of an
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oxygen burst to kill those and they ultimtely |ead

to a risk of recurrent serious infections. Gamm
was of interest because of its ability to increase
bacterial killing and super-oxide production, and
there was an interest that in designing a short-
term trial to show that gamma-interferon was
effective in generating this specific intended
i MMmune response. Utimtely, though, because of a

fear that this could lead to an overestimte of the
treatnment effect, there was a longer term clinica

trial conducted, and that trial, in fact, did show
a striking effect on the clinical endpoint of
recurrent serious infections. Interestingly, with
this [arger amount of data, it was of interest that

when we | ooked at whether or not gamma actually had

the intended effect on bacterial killing and super-

oxi de production, there was essentially no effect

on these biologic markers.
t herapy that in fact

effect would have had that

because of the |ack of proper

And so an i nmune- based

did have the i ntended clinical

ef fect underesti mat ed

targeting of what the

actual nechani sm of action was.
I n addi ti on, even i f in fact an
intervention has the intended effects on the

mul ti ple causal pathways of

one other explanation for a

the disease process,

potentially m sl eading
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result is that the intervention itself may in fact
have unintended effects that also influence the
clinical outcone. And so it may be with inmmune-
based therapies that we are, in fact, able to
i nduce the effects that are intended on surrogates
on CD4, CD8 or other immune-based neasures. But it
may be that the intervention has uni ntended effects
on viral bursts, long-term viral |oad, or other
specific processes that influence outconme or in
fact have other toxic effects. And there are a
myriad of exanples in the literature to show that
even though you achieve the intended effect on the
mar ker , the wultimate effect on the clinical
endpoi nt may be very different. W heard of one of
the classic exanples being with ecanide/fl econide
in suppression of erythem.

This is a setting that in a sense ought
to represent the ideal. This is a setting in which
the surrogate marker lies in the pathophysi ol ogi cal
pat hway by which the di sease process influences the
clinical endpoint and the intervention's effect is
solely on the intended pathway. But even in this
setting, the surrogate may over or under-represent
the true effect. |If we are |ooking at, for exanple
-- in early infection if we |ook at nmeasures of

CD4, it could be that the variability or noise in
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those nmeasures of CD4 lead to an underesti mate of
the actual effect in the clinical endpoint.
Conversely, if we are looking in early infection at
early nmeasures of viral load, it may be that those
early neasures of viral |load do not give us a
reliable prediction of what the long-term clinica
effect is on ultimtely delaying progression to
synptomati ¢ Al DS-defining events or death.

And even in fact when we are | ooking at
a clinical endpoint, short-term clinical endpoint
in along-termchronic risk setting, it may be that
that short-term effect does not reliably predict
the overall clinical profile. And if we go back
about a decade or so and take a look at the
experience from nonot herapy with AZT, the HIV trial
col l aborative group in 1999 in Lancet presented
this nmeta-analysis overview that reflected the fact
t hat nonotherapy AZT does in fact provide a very
substantial i1imrediate effect. But when one |ooks
over the longer term of risk, the profile is very
different.

At | CAAC about four weeks ago in
Toronto, Jim Neaton's conclusions from these types
of observations were that there is a great need for
| arge random zed trials with long-term foll ow up.

And long-term followup in particular because

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

128

short-term trials cannot address the |onger term
risks and benefits. And of ||arge size because
smaller studies are challenged in being able to
reliably assess the treatnent effects on clinical
out cones.

So, for an exanple -- and this reflects
t he SILCAAT and ESPRIT type trial designs -- if one
is looking at an immune-based therapy added to
antiretroviral therapy and one 1is |ooking at
clinical endpoints, progression to AIDS and death,
if a study were of five years duration, the types
of size that we are |ooking at depends on the
di sease setting. In an earlier stage disease
setting, we mght be |ooking at a study of 4,000 to
8, 000. In a nore advanced di sease setting, two to
four-fold reduced sanple sizes. But substanti al
sanple sizes with followup over a fairly |engthy
period of tine.

Il would like to take a few mnutes to
tal k about the issue of how does one go about
validating a surrogate endpoint given these
chal | enges that are apparent with using replacenent
endpoints. And has been referred to earlier, sone
famous conditions that have been put forward as
sufficient conditions for validating a surrogate

are two-fold.
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The first IS t hat the surrogate
endpoint rmust be <correlated with the clinical
outcone. And it is an inportant issue here to pause
and recollect that this is often the criterion that
people think of as the sufficient criterion. Thi s
is all one has to show. But in fact in Jon's
presentation earlier, this is really in essence
just establishing the marker as a Type O or at best
Type 1 marker, and ultimately we want a Type 2
mar ker, one that allows us to say that we can
reliably replace the clinical endpoint with the
marker when one is |ooking at est abl i shing
definitive evidence of benefit. So the second and
much nmore difficult condition to establish is that
the surrogate endpoint nmust fully capture the net
effect of the treatnment on the clinical outcone.

And in essence, the way this has often
been addressed using data from trials that provide
evidence on the clinical endpoint and on the
surrogate can be represented in this slide. And
just to quickly talk you through this. If one is
| ooking -- if Z represents therapy and if one is
t al ki ng about an i nmune-based therapy, code that as
0O, and this would be the control, which would be
antiretroviral therapy, and one is |ooking at

nodeling the relationship of that i mmune-based
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therapy with the risk of the clinical endpoint,
let's say progression to AIDS or death, then | anbda
naught of T just represents the failure rate on the
i mmune- based therapy. And so E to the alpha tines
that would be what it is on the control. So if you
were doubling the failure rate on the control
versus the immune-based therapy, then alpha would
be -- E to the al pha would be 2.

Now t he key issue is suppose we want to
assess whether or not a surrogate such as CD4 over
time is a valid surrogate. In essence then we
woul d nmodel not only the effective treatment but
also the surrogate on the risk of the clinical
endpoi nt .

And if in fact the surrogate, CD4 over
tinme, is fully capturing the effect of the
intervention on the risk of the clinical endpoint,
whi ch S Prentice's second criterion, t hen
mat hematically this term beta should be relatively
close to zero. So the estimation of the proportion
of the treatnent effect explained by the surrogate
is just one mnus beta over alpha. This is an
approach that has been frequently used to establish
whet her or not we are fully capturing the net
effect. There is a statistical -- imediate

statistical problem that arises here, and that is
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estimati ng beta over alpha takes nuch nore data
t han estimting al pha al one. The practi cal
consequence of that is to validate a surrogate
t akes much nore evidence and nmuch nore data than it
takes to sinply directly show what the effect of
the intervention is on the clinical endpoint. And
actually as much of a sobering issue as that is,
the issue is even nmuch nore conplex than what this
sinple transparency shows. For exanple, suppose in
truth the effect of an intervention on the inmmune
system would lead to a four-fold inprovenment in
tinme to the event?

If the marker that we are using, CD4,
woul d predict only a two-fold increase and what we
observe in the data is a two-fold increase, we are
inclined to say, aha, we have got a marker that is
fully explaining the treatnent effect on the i mmune
system and there are no unintended effects. Well,
what may be happening is that my be wong on both
accounts. It wmy be that the intervention is
i nfluencing the imune systemin a way to generate
this four-fold effect, but unintended effects are
nullifying sonme of that benefit giving you a net
two-fold effect, which is what the data are
show ng.

So the challenge is we are |ooking &
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data that is not nearly as nulti-dinensional as
what in reality is happening with an intervention
that is affecting nultiple pathways that are
i ntended as well as uni ntended pat hways.

So from a statistical perspective, we
woul d say to begin to have statistical evidence to
validate a surrogate, we need to have a nyriad of
studies that |look at the effect on the potential
mar kers that could be surrogates as well as on the
clinical endpoints in order to be able to have the
| evel of statistical evidence.

But that in itself is not enough, i.e.,
it is not going to ultimately be or it is not
ultimately a statistical solution at all when one
is looking at validating markers. The issue is very
much clinical in the sense that to be able to truly
validate a marker, one has to have a conprehensive
under st andi ng of the causal pathways of the disease
process. So if we are in fact |ooking at a specific
potential biologic marker, we have to have a clear
understanding of the relationship of that specific
marker to the overall H'V disease pathophysi ol ogy.

And furthernmore, it is critical to understand the
intervention's intended and unintended mechani sns
of action. These are bot h extraordi nary

requi renments, and it is a continuum obviously, in
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achieving this |evel of understanding. But these
are certainly extraordinary requirenents that
ultimately indicate why being able to fully
val i date surrogates is such an enornous chal | enge.

Let nme just nention one other specific
limtation we have to realize, and this has been
alluded to two or three tines already today. And
that is the issue of bridging. If we go back
approxi mately a decade again, at that point in tine
there was great interest with nucl eosi de anal ogues
in |ooking at whether CD4 <could be a wvalid
surrogate for H'V AIDS death. And ultimately to
address this, one had to establish that the
relationship of the effects of antiretrovira
therapy on CD4 was reliably predicting the effects
on clinical endpoints. And of course as | have
mentioned, by the time you have achieved that
validation, you already know the effect of the
nucl eosi de anal ogues on the clinical endpoints. But
the thought is if you have now validated these
surrogates, you can now use these for future
i nterventions.

And in fact the FDA was being asked
whet her or not, if this validation could occur,
could these immune neasures be used for inmune-

based -- for approvals of inmmune-based therapy.
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And back, in fact, in I think it was Novenber 16
1991, the FDA Vaccine and Related Biologica
Products Advisory Commttee addressed this issue
and specifically said that even if for a given
class of treatnments such as nucleoside anal ogues
CD4 |l evels could be validated as a surrogate marker
for AIDS and death, that it may not necessarily be
reliable as a surrogate marker for a new class of
i mmune-based interventions if this interventions
and the nucl eosi de  anal ogues had differing
mechani snms of acti on.

So in «conclusion, this slide says,

"What is the wuse of surrogate markers?" And
actually probably the title of this would better
be, "What is the appropriate use of nmnmeasures of
bi ol ogic activity?"
And in fact, as we have heard discussed today, the
usefulness is of critical i nportance in drug
devel opnent. Most specifically, screening trials
provide a critical step in establishing risk and
benefit.

It is not practical to assune that we
could, for every potential intervention do a |arge
scale clinical trial that would require the anount
of resources that would be required for a Phase |11

study. So these screening trials with surrogate
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mar kers or biologic neasures of activity as the
primary endpoint provide wus an efficient and
effective way and a sensitive way to establish
plausibility of efficacy.

In the definitive trials then, these
mar kers al so provide inportant supportive data on
t he mechani sm of action. The critical and obvi ously
controversial issue, though, is can they be used as
repl acenent endpoints. And the issues that we have
di scussed elucidate the major challenges that we
must face before these markers can be reliably used
as replacenent endpoints in clinical endpoi nt
st udi es.

CHAI RMVAN MASUR: Tom thanks very nmuch
for t hose provocative comments. (O f t he
m crophone.)

(VWher eupon, at 12:00 noon, the neeting
was adjourned for lunch to reconvene this same day

at 1:08 p.m)
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A-F-T-EFR-NOON S-E-S-S-1-O-N
1:08 p. m
CHAI RMVAN MASUR:  All right. I think we
are ready to start the afternoon session. |
appreciate the commttee comng back in a tinely
way. This is the open public hearing, and we
appreciate the fact that there are six individuals

who have asked to address the open public hearing.

W would |ike each person to confine his or her
coments to no nore than 7 to 10 m nutes. The
first presentation will be by Vernon Miino, the

Scientific Director for BD Bi osciences.

DR.  MAI NO Thank you for allowing ne
to cone say a few words about your technology. | am
Skip Maino from BD Bi osciences. And | am going to
tal k about this flow based assays for neasuring T
cells responses which Alan Landay actually alluded
to this nmorning and tal ked about. | am not going to
really talk a whole | ot about the technol ogy except
about sonme of the features that we have been
working on to help validate and establish this as a
reproduci ble, clinically viable assay.

So there are a nunber of markers that
can be wused in these types of assays, including
antigen-specific -- it doesn't have to be HI V-

specific. Basically any antigen can be used in
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t hese kinds of assays to neasure CD4 and CD8 T cel
cyt oki ne responses to specific antigens. Or we can
measur e proliferative responses by measuri ng
i ncorporation of BRDU So flow based assays to
measure proliferative responses. And then finally
APC functional responses, based on the detection of
intracellular cytokine expression and wusing a
nmul ti-paranetric flow based anal ysis.

The rationale for validating these
ki nds of assays has to do with, again, a couple of
points that were raised by a nunber of speakers
this norning, Jon Kagan especially. And the first

rationale is for neasuring the expected inmmune

activity of the therapeutic intervention. For
exanpl e, vaccines -- measuring a response of T
cell cellular response to that wvaccine is an

expected response to that vaccine and can be
measured with these kinds of assays.

The second neasurenent is a |lot nore
difficult and a lot nore difficult to establish,
that is that the assay itself is related to the
efficacy of the treatnment. And this has to do with
associating wth clinical endpoints, and again
speakers have tal ked about why this is a conplex
probl em

Just to show you a summary of sone
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clinical data from a collaboration we have wth
| mmune Response Corporation nmeasuring responses to
-- CD4 T cell responses to introduction of three
vaccines at 12 weeks, 24 and 28 weeks. And nobst of
t hese patients had been on HAART therapy for | onger
than six nonths. So consistent wth earlier
observations that we published with Louis Picker
that long-term HAART patients make very little
response. Just showing you that in the setting of
HAART treatnent, you can observe -- and this using
t hese kinds of assays -- significant responses in
nost of these individual patients that we have
assessed. There were 18 patients analyzed in all.

This is the basic assay, and | am not
going to go into a lot of detail. | just want to
show you that we are working on sonme inprovenents
that allow you to -- that are working toward
automation of this assay to allow handling of
clinical sanples, even if they come in as |ate as
5.00. W& now have the procedure down to where you
can |leave at 5:10 and get the assay done by using
t hese automated cool i ng procedures.

The assay can actually be broken into
two parts, so that you can add the whole blood to
t he tube. And now we have stabilized antigen in the

Brefeldin A preparations that can be a unit dose,
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so the tube thenselves can conme with the Brefeldin
A and the antigen. It is sinply adding whol e bl ood
for six hours. At the end of that period, you add a
| ysing solution, and that whole m xture, that fixed
cell suspension, can be put into a freezer at m nus
80 degrees and stored indefinitely for |ater batch
analysis. So we are really thinking about now the
sanple handling problenms that are associated wth
doing large clinical trials, and we have, of
course, put this assay in nultiple sites now to
evaluate reproducibility.

Just the basic output of this assay is
cytoki ne positive CD69+ cells and gated on T cells.
And we now have automated kinds of analysis
algorithnms that are going to be able to handl e that
analysis a lot nore reproducibly as well.

Some of the newer kinds of antigen
preparations we are working on to standardize the
antigen preparation really cones out of the work
that Louis and Florian Kern have been working on
that use an algorithm where they nmake nultiple
pepti des spanning the entire length of a protein,
and these are 15 am no acid peptides overl appi ng by
11 ami no acids. So, for exanple, for CW pp65, that
woul d be 138 peptides. For HIV p55, that is 120

peptides. It turns out that you can put up to
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300,000 peptides in a single -- if you could get
that many in your mx, wthout affecting adversely
the specific response to a single peptide.

So here is an exanple in tw HYV
i ndi viduals, seropositive individuals, that we're
measuring response now to mxtures of peptides
derived from envel ope, gag, pol and nef. These are
random sel ected. So one of the advantages of using
t hese m xtures of peptides is that you don't have
to worry about the HLA backgrounds and |et the
bi ol ogy sort the appropriate presentation out.

So this is a CD8 T cell response to
t hese subunit m xtures of proteins. Now these are
optim zed peptides that are 9 am no acids, but you
get the idea that you can neasure dom nant
responses in different subunits and that these can
be different for different individuals. This is a
seronegative individual.

One of the advantages of the assay is
that in nost cases, constituative background for
t he cytokine expression is very |ow, close to zero.

And then finally, the other advantage
here is that you can neasure both CD4+ and CD4-
cell positive responses. This is an exanple of a
CW peptide m xture | ooking at a normal individual.

Conparing the peptide mxture to the CD4 response
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to a CD4 response with a whole protein. And here,
you can't see the nunmbers, but these nunbers are --
one is .52, and this is .57 percent. W see this
consistently with both H'V and CW peptide m xtures
that to the CD4 response is very close to what you
see with whol e protein. But in this case with the
peptide m xtures, you now see a CD8 response. And
the ratio of these responses can vary dependi ng on
the antigen and depending on the individual that
you are | ooking at.

So where we are headed is to develop
unit dose preparations of antigen plus Brefeldin-A
to allow the sanple handling. W can use -- wth
this mxture, the other advantage of using this is
that we can use either archive frozen PBM's or
whol e bl ood and we get exactly the same kinds of
answers. And the other advantage is that you can
use even ol der blood. The peptide m xtures help you
usi ng much ol der bl ood. Because the cell that takes
a beating during the sanple handling is the antigen
presenting cell, not the T cell as it turns out.

And we are now working on a sanple prep
device that will allow you to automate perm stain
and wash. And then with the software and | oading
kind of capability that we have with flow

cytonetry, we wll have  wal k- away | oadi ng,
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standardi zed instrunent set-up, analysis and data
base conpatibility. This goal here is for handling
| arge nunbers of sanples. Today we can handle
certainly smaller trials and experinental Kkinds of
settings. We can certainly handle enough sanples
for that sort of activity.

So our validation strategy is to
address the critical elenents of the assay, which |
talked to you a little bit about, address nultiple
| evel s of wuser experience for training and that
sort of t hi ng, val i dati on acr oss mul tiple
| aboratories, standardized protocols, conpare this
to established acceptance criteria, and then
certification of conpletion. These are the kinds of
val i dation concerns we have when we work wth
external investigators.

So we standardi zed both the activation,
whi ch includes the sanple handling and the antigen
stinmulation, the acquisition and the instrunent,
and the analysis in terms of identifying positive
popul ations for final data output.

So just to nake a few concl usions here,
we think these flow based inmmune function assays
can be accommopdated in the clinical |aboratory
setting. And certainly with automation, this wll

become even nore apparent. Val i dati on procedures
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have been developed which standardize sanple
handl i ng, biological response, instrunment set-up
and analysis. And automation features are planned
for handling | arge nunbers of sanples. W al so have
within BD Biosciences another group which can
actually perform these assays as a service
| aboratory too that provide a standardi zed,
val i dated approach for neasuring specific T cell
responses. So | think I amgoing to stop -- trying
to stick to my 7 m nutes.

CHAI RMVAN  MASUR: Ckay. Thanks very
much, Dr. Mino, for sticking to your tinme and
t hank you for your comments. The next comments
will be by David Scondras, the founder of Search
for a Cure.

DR. SCONDRAS: Thanks. I'm not going to
be wusing slides. M original 15-page detailed
presentation | amwlling to type up and circul ate
to teach of you. | changed ny m nd hal fway through
this about making the original presentation because
you have an extraordinary set of people in Fred
Val entine and Bob Redfield and the people you
invited to speak. | see MKke Saag in the audience
and | see Ron Mtsayasu here. | see Fred Val entine
and around the counter Brenda Lein is here, et

cetera. What | amtrying to say is | think you have

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

144

all of the technical expertise that is needed to
tal k endl essly about the devel opnment of surrogate
mar kers.

I think what | amfeeling is a sense of
a |lack of urgency. Wat | would like to convey to
you is a nessage from the community itself rather
than a scientific nessage. About half the fol ks who
are taking antiretrovirals -- and that is not by
any stretch of the imagination nost of the people
who need them -- are not doing very well on them
in fact are failing them The other half live in a
state, very often, of anxiety that at any tine
there may be viral breakthrough, and a constant
sense of a conpromse in quality of Ilife in
hundreds of different ways that are very hard to
articulate to people who don't have to adhere to a
reginen that 1is truly not designed for human
bei ngs.

It is very difficult to share with you

what it is |like to attend fewer funerals, but stil

sone, and to wat ch friends devel opi ng
| ynphodystrophy syndrome, et cetera. Let me give
you a sense of that frustration in context. At

| CAAC a little earlier this year, one third of the
clinicians at a fairly large neeting indicated that

they had already gone along wth a treatnment
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interruption for their patients.

Not because they thought it was the
best nedi cine, but because it was necessary for the
people involved. At least half of ny friends have
just quit. They are no |onger taking their
medi ci nes. So what we really have in the real
world is five percent of the world s popul ation
having access to a set of drugs, half of whom gain
benefit and the other half don't |ike them don't
want them can't put up with them anynore.

So | want to convey to you a sense of
frustration. We have been talking about the
devel opnent of i nmmune-based therapies for at |east
a decade, and | don't get the inpression that as
much progress has been made as we really ought to
have arrived at by now Is it a noney problen? |Is
it an organi zational problen? Can sonebody please
clarify those things so that people like me can fix
whatever it is that is broken? And don't tell nme it
is just a scientific problem

I sincerely hope the nessage being
given to the FDA and to the nmenbers of industry who
are here today is not that they should not devel op
agents until and unless we have validated surrogate
markers for <clinical progression and nortality.

That is not in fact what we did with the antivirals
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and it should not be what we do with the inmune-
based therapy. So it ought to be concomtant.
There is some synchronicity here. There can be
concom tant devel opnent.

What are they? We need to focus on
specifically what are the best guesses you have
Why am | saying that? Because we can't wait
anynore. Let nme give you a very specific positive
spin on that fact. We have a set of trials going
on, IL-2, five to seven years before we know.  \Why
is that? Because we won't use it on people who
won't take or don't take antiretrovirals.

Wy is that? W have a 5057 trial that
was term nated because there were inadequate
resources to put enough people in it to satisfy
everybody that it was properly powered. Is that
really where we are at that we can't conme to sone
resolution to determ ne whether or not an inportant
i mmunogen nmay or nmay not be useful ? We have a
variety of small studies going on, for exanple,
enhancing intracellular glutathione, which really
don't have enough noney poured into them W have a
set of conpanies not willing to engage in anything
but refining existing antivirals sinply because
there are no indications from the FDA that

sonet hing el se m ght be inportant. | would suggest
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to you we need a call to action, a sense of urgency
communi cated to the FDA that there be a broader set

of markers that we look at in order to develop

agents.

I am not going to pretend that | know
the answer to the question, but | want to make a
suggesti on. Literally thousands of people are

stopping therapy. There is a wealth of information
to be gathered about viral rebound after therapy is
stopped. There is a tool sitting there that nost of
us in the comunity are nore than happy to
participate in using to determne the validity of a
vari ety of markers.

It makes a hell of a |lot nore sense for
folks who want to stop taking their drugs to be
enrolled in trials that nmay determ ne whether or
not surrogate markers are neani ngful and which are
and al so sinultaneously determ ne which therapies
m ght be wuseful. It really is a tinmne to issue a
call to action and to tell the comunity, | ook,
rather than having thousands of you just stop
taki ng drugs, we have a program W are going to
set national clinical trials up of a variety of
agents which you can participate in.

At the very worst, we will gain a very

good understanding of rebound in viral load and a
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new tool for evaluating agents. That is the worst
that could happen. At the best, we wll have
di scovered a set of agents that my allow for a
| onger period without these drugs than any other.
Perhaps the best way of summarizing
where the community is at is to note the fact that
that shy individual, Larry Kramer, has started a
new organization called Wake Up to target drug
conpanies for issuing poison and for not dealing

with the side effects that those drugs are causing.

| would summarize everything | have to say in a
paraphrase from T.S. Eliot. "Hurry up, please.
There is no tinme." Thank you for taking the tine.

CHAI RMAN MASUR: Thanks very nuch for
your comments about the sense of urgency. The next
presentation is by Julianna Lisziewicz from the
Research Institute of Genetic and Human Therapy at
Geor get own.

DR. LI SZI EW CZ: Thank you very nuch.
We are working the last five years on the immune-
based therapy and actually we started to wonder
about surrogate markers five years ago when our
first patients stopped therapy. It was a very
fortunate case. It was the fanmpus Berlin patient
who didn't rebound after stopping therapy and now

he is three years. W tested him with several
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different -- he was the first one who we tested
several different ways and we didn't -- we was very
frustrated because we didn't find a clinically
rel evant assay which would predict the outconme of
t he stopping therapy.

So, therefore, we spent a lot of tinme
to try to develop this assay, and this is a very
sinple assay. It can be done basically on the sane
tube that the CD4 assay can be done. And what |
would like to do today, | would like to just
explain you the assay and give you three exanples.

Three exanples which shows sone correlation of
viral control -- immune-control for HIV.

This is the assay. This is basically
when we thought about the assay, we thought, okay,
what do we want to measure. And what we really want
to nmeasure is what happens if the virus rebounds or
tries to rebound in the patient. So we just decided
to mmc exactly that in vitro. So we take the
PBMCs which we isolate from peripheral blood and
mx it up with the virus.

We started with replication conpetent
virus, but now we can use replication defective
virus just for safety reason in the |[|aboratory.
What we expect to happen with this virus, it goes

to the antigen presenting cells and be presented to

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

150

T cells, both CD8 and CD4 T cells, and we are
measuring the early signal, which is interferon
gamma production, which basically neasures the HI V-
specific cells.

Now this assay is very relevant in our
view for predict HV rebound, because it is not
only depending on the T cells, but also depending
on the antigen-presenting cells which the patient

has in his peripheral blood. So if you have an APC

problem this assay will not work either.
So first | just want to show this
exanple. When you put in the normal -- check this

assay in the normal donors, you do not see
interferon gamm production. And if you put an
unrel ated antigen into the PBMCs of wuntreated
patients who is able to control H'V, you again do
not see interferon ganma production. And when you
use HI'V antigen, you see a very substantial, nice
interferon gamma producing T cells.

Because time is short, I wi | |
concentrate in this talk on the CD8 specific
interferon gamm producing cells, and I will refer
t hat as CD8VIR So the first exanple was a study
whi ch we have done in rhesus nacaque. Basically we
conpared STI-HAART versus HAART in untreated

nonkeys. So we had six acutely infected nonkeys
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with no therapy, HAART therapy at fixed schedul e,
STl - HAART. We used three weeks on and three weeks
off for 21 weeks. After 21 weeks of this treatnent,
we neasured the CD8VIR activity in these nonkeys.
And you can see here the HAART treated nonkeys had
very little CD8VIR activity.

In contrast, the STI-HAART treated
nonkey has very high CD8VIR activity. And this is
just summarizing our finding that during the
treatnment of STI-HAART shown here in yellow, the
CD8VIR activity increased. However, the untreated
nonkeys or the HAART treated nonkeys did not have
CD8VIR activity.

So what happened when we permanently
interrupted the treatnent here? This is the vira
| oad gene. Of course, the HAART treated nonkeys
all rebounded, shown in pink, according to the |ow
VIR, and this correlated with the | ow VIR response.
And none  of the STI-HAART treated monkeys
rebounded. So basically what we saw was a very
strong, statistically signi ficant correlation
bet ween the ampunt of CD8VIR and the rebound after
per manent treatnent interruption.

So this was the nonkey trial, which was
a random zed controlled nonkey trial. But still,

does it have any relevance in patients? So | would
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like to introduce a patient which we are follow ng
up here in Washington who also got the STI-HAART
treatnment. The protocol here was different than in
t he nonkeys. It was not a fixed schedul e STI-HAART.
It was a protocol when we reintroduced treatnent
when the patient was two tines above 5000 copy per
m of viral |oad. And you can see here with pink
that this is the time when the patient didn't get
treated. W thout treatnent time, always increased
after treatnment interruptions. So we wondered
whet her the CD8VIR correlates with that. Because
as you see, neither the CD4 count nor the CD8 count
correlated with this increase of tinme to rebound.
VWhat we see here is as is expected. At
the first treatnent interruption, we see CD8VIR
activity, which represents HI V-specific CD8+ cells.
This is 2 percent. Because this patient was an
acutely infected individual. But with consecutive
t reat nent i nterruption, CDBVIR increased wth
consecutive treatment interruption up to about 6
percent. And this CD8VIR activity that we neasure
with this assay basically correlates with a very
vigorous CTL and perforin production in the CD8+
cells.
And what was nost interesting to see is

t hat when we correlated the days to rebound in this
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patient with the CD8VIR, we could see a Ilinear
correlation. Meaning that in this patient at | east,
if the CD8VIR activity was | ow, the days to rebound
was short, nmeaning 20 days. And when we get a
hi gher CDBVIR activity, the days to rebound
i ncreased, suggesting that the quantity of CD3VIR
correlates with the duration of immune control in
patients.

So what happened in these two previous
exanpl es was an exanple for acute infection. The
question is what happens in the chronic infection.

And we have a nice nodel for chronic infection. W
are following 12 patients since three and a half
years treated with DDI NT droxuria. And the reason
we call this PANDA is because the patients who are
treated only with two antiretroviral therapies are
an endangered species despite the good results
her e.

| mean, nobody wants -- we cannot run
clinical trials unfortunately to confirm this data
because the two drugs, especially with droxuria,
which is not an approved drug, would not be all owed
to use. So anyway, this patient started at the
baseline of around 5,000 copies and then when we
| ook at them at week 7, all of those patients were

around 2,000 copies. Here was the surprise. Wen
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we | ooked at them after 122 weeks, all of these
patients viral |oad decreased. So this was -- this
is a sinple double conbination, and instead of
seeing viral rebound, we saw all of these patients
viral decreased. So our hypothesis was that maybe
Hl V-specific immune response acts here as an
addi ti onal drug.

So we neasured in this cohort CD8VIR
responses, and we conpared with -- we matched with
10 patients who were treated with HAART. And as is
expected, after long-term HAART treatnent, al nost
two years of HAART treatnment, we see no CD8VIR
response. In contrast, in the PANDA patients, we
saw pretty significant amount here at this exanple,
1.2 percent CD8VIR response. So the question was
what does it nean? Whether there is any clinical
correl ate. So we decided to stop these patients.
So we get perm ssion to stop these patients for 8
weeks and then restart therapy.

So what happened? As is expected, the
HAART patient rebounded. However, in contrast to
t he HAART patients, the PANDA patients controlled
H'V replication. And when we |ooked at the CD8VIR
responses in this population, we could see that the
PANDA pati ent had statistically significantly

hi gher CD8VIR response conpared to the HAART,
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suggesting again as a third exanple that the
gquantity of CD8VIR is inportant for control of HV
after treatnment interruption.

I would just like to sum up. W are
developing this assay as a candidate predictive
assay for imrune-based therapies. And what we have
is a quantitative assay which can determ ne both
absolute nunber and the percentage of functional
Hl V-specific CD8+ T cells and the quantity of
CD8VIR correlated with the immune control of H V.

What are the advantages of this assay?

First of all, this is so far -- | think, in ny
know edge, this is the first assay which really
correlated with immune control. But this is a very
sinple assay. It doesn't require B cell line, for
exanpl e, as conpared to the functional CTL assays.

hi s assay can anal yze subtypes of these
cells versus ELISPOT, which just analyzes one kind
of T cells. That it is not dependent on any HLA or
pepti des conpared to tetrameres and really requires
a smll amunt of blood, which can be shipped
overni ght and anal yzed t he next day.

Now just to sum up. So we have a
guantitative assay. W saw sone correlation. M
question is how can we develop -- fromyou, how can

we develop this? Whether it is worth it to devel op
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it as a surrogate marker for i mmune-based therapy.

CHAI RMAN MASUR: Thanks very nuch for
t hose comments. We are going to nove on now to the
next comments. They will be by Judith Britz, Ph.D.

t he President and CEO of the CYLEX Corporation.

DR. BRI TZ: Good afternoon. Thank you
for the opportunity to address this commttee on
such an inportant topic. CYLEX is a diagnostic
conpany |ocated in Colunbia, Maryland, and we are
devel opi ng di agnostic tests for nmeasuring i mmunity.

Now in the next few mnutes, what |
would like to do is to start by referencing sone
very inportant work done by others that relates to
testing functional immunity in AIDS patients. And
then I would like to tell you about a test system
that we have developed 1in «collaboration wth
coll eagues in the AIDS research community and share
sone of the early results.

What you are looking at right nowis in
1998, Perrin and Telenti reported on the results of
a cohort of HI V-infected patients that were
recei ving HAART therapy. Now nmonitoring viral |oad
and CD4 | evels, what they found is that 45 percent
of the patients had the profile that you see under
A.  And what you can see -- the legend is probably

hard to read, but this is the idealized profile of
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CD4's increasing with viral |oad decreasing. As |
mentioned, that was in only 45 percent of the
patients. So the mpjority of patients actually had
profiles that were one of these other three types.
And despite the fact that many tinmes these
patients were in fact responding well to their
t herapy and despite what | would call discordant
| aboratory results monitoring CD4 and viral |oad.

These results are really not
surprising. Because if we go back to the late
1980' s, I mune function was really |ost In
noni toring the pathogenesis of AIDS |ong before the
decline in CD4 count. And in fact Clerici and Shear
showed that up to a year before the decline in CD4
count, you could detect cellular inmmunity |oss, and
this included tests that you mght consider as
crude as noni t ori ng phyt ohemaggl uti ni n-i nduced
responses neasured by |ynphoproliferation.

They al so made t he i nport ant
observation that there was a progressive |oss of
function, first of all to H V-specific recal
antigens than general recall antigens, allo, and
then mtogen was the nobst robust. Alan referred to
t hese data earlier

Now nore recently, of ~course, Eric

Rosenberg and Bruce Walker have reported that
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reactivity in an LPA assay is detectable in |ong-
term non-progressors. But in addition to that, if
you |l ook at HI V-infected individuals prior to their
seroconversion and you initiate HAART therapy, you
find that there is a preservation of this P24
response in an LPA assay. |In addition, after going
t hrough structured treatnent interruption, there
actually is a strengthening of that P24-specific
response. Interestingly, in patients treated with
HAART therapy where the viral |oads declined to
undet ectable, the CTL response does appear to be
dependent upon a certain anount of residual virus
in order to remain stimnulated.

While LPA has been certainly a very
useful research tool for these studies, we know
that they are very time consumng. They use
radi oactive materials. And because they are so
| abor intensive, these tests are not generally

avail able. And in Septenber's issue of Clinical and

Di agnosti c Laboratory I mmnol ogy, Betensky, et al.,

al so reported that there were shipping inpacts on
m crobi al responses in LPA. I ndicating that it is
kind of hard to get the sanple to the |lab, that the
lab has to be there with the sanple.

At CYLEX, we have designed a platform

technology which is really based on the principle
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that |ynphocytes that recognize either foreign
antigen or mtogen wll be induced to increase
their intracellular levels of ATP. And our
obj ectives in the developnent of this test really
were, first of all, to develop a clinical correl ate
of cell nediated imunity so that we would not have
to skin test individuals and then bring them back a
day or so later for a reading. But also that the
test ideally would be perforned in 24 hours or
| ess, non-radioactively, and on whol e bl ood.

The adaptability of the test In
multiple antigen testing in a 96 well formt was
also desirable Dbecause | think one of t he
conclusions fromthis type of work is that there is
unlikely to be a single test which will energe as
being the surrogate marker. It is going to require
an al gorithm

The specifics of this test are that we
start out with a sanple of whole blood, stinulate
the |ynphocytes in the presence of CD4 or CD8. By

usi ng whol e bl ood, we keep antigen presenting cells

as well as the serum from the patient in the
environment. The incubation is four hours to
over ni ght, depending on the strength of the

antigen. The test also can be made subset specific,

either for CD4 or for CD8 cells, which are
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magnetically separated. These are then washed and
lysed to reduce their intercellular ATP, and then
detected in a |um noneter. They can be quantified
by wusing ATP calibrators so that the result is
actually expressed in terns of nanograns per m of
ATP.

When we conpared this assay wth
| ynphoproliferative response to mtogens or recall
anti gens, we got conpar abl e dose response
characteristics with the ATP assay showi ng slightly
more sensitivity in the level of antigen used to
stinmulate, but also keeping in mnd that the ATP
test is performed in an overnight incubation
conpared with an LPA assay of some 96 hours.

More inportantly -- well, these data,

by the way, were recently published in Cinical and

Di agnostic Laboratory | mmunol ogy, the March issue.

More inportantly, we were able to also show, as
Clerici and Shear had done, that |ike LPA, the PHA
i nduced response to ATP in normal individuals
versus HIV-infected individuals was dramatically
reduced.

In collaboration with Brett Loechelt
and Maria Chan at the George Washi ngton University
School of Medicine in Washington, we also did a

study in pediatric AIDS patients in nonitoring
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their response to HAART therapy using viral | oad
and CD4 as traditional markers. And what you are
| ooking at in the green is an ATP response. The two
exanmples | am going to give you from this
| ongi tudi nal study which nonitored patients over
six nmonths include this first patient that was not
healthy at the beginning of this study and a
t herapy change was recomended, which you can see
i ndi cated by the arrow. The blue and the black Iine
indicate viral |oad and CD4, which did not change
t hroughout the course of the patient's treatnent.
But upon a therapy change and an i nprovenent in her
clinical course, you can see that her PHA response
as neasured by this assay increased.

| think nore inportantly when we | ooked
at a nonconpliant patient, again CD4 and viral |oad
relatively unchanged throughout a six-nonth period
of time, but this patient who was healthy at the
start of the study and quite clinically conprom sed
at the end of the study showed again a dramatic
decline in the PHA induced response by which we
measur ed ATP

Now | think although PHA is a marker
whi ch AI DS patients are still capable of responding
to, very often specific antigens, recall antigens

and P24 in particular, there is no responsiveness.
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But in this particular study, Susanna Cunni ngham
Rundl es at Cornell | ooked at pediatric AIDS
patients on HAART therapy, and again she had four
of the children that were responsive to the therapy
al so showed a correspondi ng P24 response in the ATP
assay, whereas the children that were classified as
non-responders did not. So here is an exanple of
specific immune reconstitution.

And t hen in actively i muni zed
patients, Britt Waren's group at the Karolinska
I nstitute showed that in H V-infected patients
could munt a GP160 response, which is seen in
purple. This is for three different patients. And
that this also could be used as a way to | ook at
specific immune reconstitution in response to
vacci nati on.

We believe that it is really unlikely

that the functionality of the immune systemw || be
able to be defined, as | nentioned before, by a
single test. It is nore likely that an algorithm

is going to be useful in |ooking at responses to |
woul d say non-specific inmmunity mtogens, allo
anti gens, recal | antigens and HI V-specific
antigens, and that these <could be wused as a
monitor, both in the pathogenesis of disease, but

also in guiding the patient's clinical course.
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Thi s particul ar assay descri bes a way to
interrogate one aspect of the inmune system which
is the activation stage here, which is really a
requi r enment for cyt oki ne production or
| ynphoproliferation. Yet, for any of these types
of assays, we recognize that it is inportant to
validate themin the clinical context.

I think that we recognize that any of
t hese types of immune function tests will need to
nmeet certain analytical paranmeters, and yet at the
sane time we are challenged by how do we define
accuracy in an imune surrogate marker or
sensitivity. What is the neasure if there is no
ot her corresponding test? Despite these chall enges
and concurrent with the fact that there are new
drugs under developnment to nodulate the immne
system we believe that there is a need for tools
for the nmeasurenment of imunity.

We would like to take advantage of the
fact that the imune system can anticipate clinical
changes before the onset of synptons. And by
nonitoring functional inmmunity along wth viral

load and CD4, we can inprove the managenent of

di sease.
' d i ke to acknow edge our
col | aborators in this wor K, i ncl udi ng t he
SA G CORP.
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scientists at CYLEX, particul arly Dr . Ri ch
Kowal ski. Thank you for your attention.

CHAI RMVAN MASUR: Thank you very nuch
Dr. Britz, for those comments. The next discussion
will be by Thomas Kwyer, M D., President and CEO of
AmmunoMed.

DR. KWYER: Thank you very much for the
opportunity to address the commttee. Wiile we are
getting the first slide, | think it would be
hel pful to give you an idea as to where we cone
from by sharing with you our concept that we have
at AmmunoMed, and that is that AmunoMed is focused
on the evaluation of nmetabolic mechanisnms in order
to discover nat ur al solutions to healthcare
chall enges. We use an evidence-based decision
maki ng process to pursue our goal of devel oping
information into educati on and di scovery.

In this regard, we | ook specifically at
gl utat hi one for this talk. G utathione is a snall
tripeptide. A few of the speakers have talked
about the concept of tripeptides and signaling. W
will explore that because it does fulfill our
interest in nmetabolic nmechanisns.

As you can see if you can read that
slide, which mght do better if we nmake it a little

bit darker in here, there are a nunmber of places in
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t he nmetabolic machinery that glutathione shows up.
The i mmune systemis just one.

The reason we enbarked on this is that
there is strong evidence and has been for over ten
years that immunonutrition actually does have a
significant inmpact on the outconmes in terms of
clinical patients in relationship to inmmunity.

This neta-analysis of 1,500 patients
canme up with very significant statistical benefits
in terms of infection with a significant reduction
in the relative risk of acquired infection,
ventil ator days, hospital length of stays, and al so
key is that there was no increase in side effects
of feeding that was reported during the studies.

I want to look at just one of the
studies of the twelve that were included in the
met a- anal ysis. This is a study on severe abdom na
trauma. As you can see, therapeutic antibiotic
days, ventilator days and ICU days are all very
significantly affected in terns of an inmune-
enhancing diet conpared to an isocaloric diet
conpared to a control. This study is very wel
st andar di zed.

Everything that | wll say to you is
very statistically relevant and the way the groups

were chosen is that there are surgeons who choose
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not to feed trauma patients. That constituted the
control. And then the two arm were sinply
generated by those who were involved with early
el enmental feeding, one choosing isocaloric diet --
one being random zed isocaloric diet and the other
patients being random zed to the immune-enhancing
di et .

As you can see, this has cost
rel evance. This is the only non-statistical but
heavy trend that you <can recognize in this
particular group. If you don't feed anyone after
they have had severe abdom nal traum, they cost
you about $140,000.00 to treat. If in fact you
treat them early or you feed them early, you wll
at | east cut t hat by $30,000.00 down to
$110, 000. 00.

And if you wuse an imune-enhancing
approach, you can get this down to $80, 000.00. The
variance took this out of actual statistica
signi ficance. But what is significant is on the
next slide.

This is a slide of hospital day in this
particul ar study. You can see that there are about
35 days for control, 32.5 days for the patients who
are fed, and 18 days -- a two-week reduction in

hospital length of stay. That is really where the
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power of this particular nmethod conmes up. But the
problem is this wearly generation of immune-
enhancing materials are very diverse. They have a
| arge nunmber of constituent am no acids and other
sorts of things that are thrown in, and it makes it
very difficult for this to be studied. So this is
the reason that we decided to abandon this group
and in fact |look at the imune systemitself.

And what we found is that when we
| ooked at the imune system there actually was --
this is a busy slide, and don't try to worry about
it too nmuch, but just pick up the bolded things if
you can. W are talking about THl pattern, TH2
pattern of cytokine expression. And at the top
there it just basically says glutathione |levels in
antigen presenting cells nodulate TH1L versus TH2
response patterns.

And basically what it comes down to is
that in the antigen presenting cells, which include
the macrophages, the dendritic cells and the B
cells, these are all central to the devel opment of
either TH1 or TH2 inmmunity because the antigen
presenting and presentation recognition are
required to initiate the response. So we are going
to start right at the very begi nning. What we found

i's t hat gl ut at hi one depl eti on inhibits TH1
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associ ated cytokine and favors TH2 cytokine. This
is like a switch now And of course we are
evi dence-based. So we are just sinply pulling this
fromthe existing literature. Al of these slides,
as you can see, are referenced and they are easy to
find.

This is also busy but what is nost
important is on the bottom and that is also
crucial to the ability of the antigen processing
cells to break up the antigens. And this really
cones down to the fact that you have to take apart
di sul fi de bonds. Step number one, you take the
di sul fide bond conplex it with glutathione, and the
di sulfide ends up being one with the protein and
the glutathione. Utimtely, that is split and then
you end up having the free sulfahdyro. This allows
the antigen to be processed. And what it really
comes down to is that low intercellular glutathione
levels in antigen presenting cells correlates with

def ective processing of antigen and that is because

of this disulfide problem -- disulfide bond
pr obl em

This is also -- we are just going to
read the top and we <can go on. Lymphocyt e

proliferation in glutathione depleted |ynphocytes,

a di rect relationship bet ween gl ut at hi one
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availability and the proliferative response. And
basically what it conmes down to is the studi es done
by Ham | os indicate that these studies confirmthe
i mportance of intercel lul ar gl ut at hi one I n
| ynphocyte proliferation.

Thi s IS basical ly a sunmary.
G utathione levels in antigen presenting cells
nodul ate TH1 versus TH2 response patterns. Antigen
presentation and recognition are required in terns
of initiating the imune response. And in ternms of
interferon gamm, it becane clear that this was
clearly related to this switching. That it was
apparently controlled by glutathione. And on the
bottom here, we talk about it being a key role, and
it does have an inpact on HV, which of course is
the focus of this discussion.

This is a paper that has been around
for two and a half years. You may be famliar with
it. But this characterizes the glutathione |level as
sonet hing that is studied and nmeasured by
fluorescence, and the Herzenberg's have done a
study and it does show very specific |evels of
glutathione ~-- intercellular glutathione, t hat
actually are predictors of survival

Two year survival in all HV positive

patients who have a significant anount of
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glutathione are approximately 90 percent. And if
you don't have enough right at one level, you can
drop to 32 percent. It is a very large difference.

In fact, if you have the |low CD4 cell candi dates,

you are talking about an 87 percent five-year

survi val i f you have enough gl ut at hi one
intercellularly, and if you don't a 17 percent -- a
very wide swing. Again, it reflects a clinical

response you would expect to sonething that m ght
be considered to be one of probably nmany sw tches
in the i mune system

This is a paper that really well
defines the TH1l/TH2 cytokine response, and it is
going to be the basis of a quote that is going to
come up on the next slide that is a summary.

We are just going to put back on the

statistics that we got from the Herzenberg study.

This is really a quote. It should have actual
quotes around it, from Clerici. "Antiretroviral
therapies will not successfully eradicate H'V, and
H'V seropositive patients will not be ultimately

cured wunless therapies aimed at restoring the
i mune system are associ at ed Wi th t he

antiretroviral drugs currently enpl oyed.™

So what | would like to present to you
is -- this is a case study. This is a case study
SA G CORP.
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and actually going now to test this out, but in the
pul monary realm -- chronic obstructive pul nonary
di sease. One patient, and basically what we are
dealing with is a patient who did respond to
steroids and ultimately continued to have reduced
pul monary function tests.

You can't see that at all. Well, there
you go. Basically what that slide is supposed to
show you is that at the sixth nonth, this patient
wal ked into her physician's office and was taking a
met hod of increasing intercellular glutathione with
undenatured whey protein. The glutathione |evel
increased by 94 percent and the FEV1 and FVC
increased substantially, approximately  30-sone
percent if | can renenber this |evel. The
physi ci an asked her to stop taking the material
She dropped precipitously and then rei ncreased when
on the final nmonth of this study she regained this.

She increased her glutathione by alnost a factor
of two, 94 percent, in approximtely one nonth. So
we do know that we can actually nodulate. W
actually have a material that will be able to be
modul ati ng the gl utathione |evels.

Lots of stuff on here. But basically
this is an indication of the wundenatured whey

protein concentrate. The nobst inportant thing from
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my way of looking at it is that there are two
t hi ngs we want to get across. Nunmber one is that
it appears to be cystine. The disulfide bound two
cystines, which of course is one of the two sulfur
containing amno acids that mkes the difference.
And the nice thing about this approach is that this
is actually something that is taken from nature

This is essentially extracting the proteins
associated wth increased inmune response from
m K.

Just the first few words. We are going
to tal k about hepatic nitrogen nechani snms, antigen
presenting cells and astrocytes, all being directly
related to the cystine, cysteine and gl utathione.

I actually thought 1 had left this
behind when | got out of my first year of nedical
school . Biochem stry was not ny strong suit, and |
t hought it was just a flunk-out course that you had
to take and then eventually they would | et you take
care of patients. | have cone to realize that is
just not the case and in fact while this is a busy

slide, it is in fact the diagram of positive versus

negative nitrogen bal ance. W will come back to
that. But it is based on proton donation -- the
first two words in the title -- proton donation.

That is really what gl utathione does.

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

173

This is a slide of proton donation. You
can see that there are two hydrogens out there with
no electrons and two little protons sitting out
there. This is what 1is inportant to actually
bal ance off equations. So we are talking about
very, very, very basic principles.

I n terns of t he pat hogenesi s of
cysteine
-- in ternms of the pathogenesis of cysteine, we are
tal ki ng about wasting, and wasting really has two
points to be nade in terns of cysteine. And this
cones from a paper by Drobe which denonstrates that
cystine, which is the two cysteines together --
cystine level is regulated primarily by the post-
absorbed skeletal nmuscle, that which you have
al ready built up, and it has then gone into protein
catabolism So the body is trying to gain cysteine
from the nuscl es. Number two, the cysteine |eve
itself is a physiological regulator of nitrogen
bal ance and body cell nmss.

What we are seeing is that in AIDS, as
well as in sepsis, major injury, cancer and chronic
fatigue and a nunber of different conditions that
are associated with wasting -- a nunber of features
that are essentially consistent through this group

-- low cystine, low glutam ne, elevated gl utamte,
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increased urea production and

killer cell activity.

This is that busy thi

if we look on the right all we

there is if you increase

increase the proton. The proton

neutralize bicarbonate.

on the actual swtch, carbanpyl

w |l reduce that. That will mean

ions will be saved and you w

ni trogen bal ance. As wel |

right of that slide if you

glutamate that is in that slide,

cystine, wll go to glutamne.

endogenous gl utam ne.

that in other real ns.

This is just an edit

got
ammponi um ions are saved when we
That true.

i's not They are | ost.

not enough cystine, you wll

into the urea.

cystei ne,

The bicarbonate wl |l

phosphat e,

if you

We have heard a

the wong picture and the bottom says t hat

174

reduced natural

ng revisited. And
are really saying
you wll
availability wll
wor k
and you
t hat the ammoni um
Il have positive
| ook on the far
can see it, the
I f you have enough
make

You will

| ot about
orial coment. We
t he

reduce cysteine.

And when you have

| ose the ammoni um i on

Basically the real point of cystine is
that it is transported into the cell differently.
And that is where | wll end.

CHAI RMAN MASUR
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summary conmment ?

DR. KWYER: Well, the summary conment
basically relates to what has been going on here in
that I think that the nmeeting so far has described
a nunmber of neasures and a fair amount of
confoundation as to how to go to the next |evel
And | think what | am just sinply identifying is
that it seens that when we | ook at other parts of
the nmedical world and we address things just froma
strai ght immune standpoint, we may well be able to
find something that may well be adjunment. In fact,
it alnobst begs the question as to whether the
concept of the reduced inmune response that we are
seeing after certain therapies or even the toxicity
of therapies thenselves m ght not be an expression
of deficiency of certain parts of the inmune system
to respond. And when you either stop therapy or
nove away from certain drug reginmens to others,
maybe you are just sinply stressing it in another
way and not losing as nmuch or allowing it to
rebuil d. d ut at hi one m ght be one of those things
to | ook at.

CHAI RVAN MASUR: Ckay. Well, thank you,
Dr. Kwyer for those coments. The |ast coments of
this session are by Dr. Clifford Lane, t he

Associ ate Director of NI AlD.
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DR. LANE: So thanks. | had a couple
of very brief coments that | didn't feel were
appropriate for the other talk, so | asked

perm ssion to give themduring the public coment.

I think it is very inportant to try to
| ook at this whole area of imune-based therapies
and surrogate markers and treatnent for H VvV
infection in perspective and try to keep in mnd
where we are and what we are trying to do, which is
really trying to set policy of where things should
or should not go.

The whol e field of i mrune- based
therapies has had a fairly difficult start, a
mdlife crisis, and is trying to itself get reborn,
and it is very difficult, | think, as you all can
tell. I mean, we struggle with all these assays. W
know the virus destroys the CD4 T cells, and the
| ower your CD4 T cells, the nore likely you are to
get sick. But despite that sinplicity, | think we
j ust have different types of approaches  --
different philosophies. And this poor tortoise
continues to | ag behind the hare of antivirals.

I think it really begs the question,
and one that | think is good, to see the
conmbi nati on of CDER and CBER advisors | ooking at

the issues of antiretroviral therapies. Because |
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think one question is are these two being handl ed
in the same way? Is this fair? As | nentioned
earlier, there are a variety of factors determ ning
the relative inportance of the immune system and
the virus. The range of values at time interval
and | sort of add reporting by the nedia, which as
we all know is just a reflection of the alter egos
of the scientists that are involved in the
epi dem c.

So | put here sone press that cane out
sort of in the mddle of the initial enthusiasmfor
conmbi nation antiretrovirals. In fact, | think it
was shortly after ACTG 175 |ooking at the val ue of
conbi nation therapy. It was right on the heels of
showing that IL-2 could induce increases in CD4 T
cell counts. And the quote says, "CD4 neasurenents
were terrible predictors of prognosis providing
wildly msleading information. However, the anmount
of virus in the blood stream perfectly predicted
how qui ckly the patient would sicken or die.” And
when you get polarizing views like this based on
results froma single study, you set inpressions in
moti on that can be very difficult to break

So | would just conclude then by
looking a little bit at where we are wth

antiretroviral therapy. W have very good clinica
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data. And believe nme, | will be the first one to
say that conbination antiretroviral therapy has
been the nost wonderful thing to ever happen in the
treatment of patients with HV infection. It has
changed, | think, our perspective on what we could
acconplish, not just in H'V but really in anything.
But when we |l ook really hard, what do we know? W
know that we can do great benefit for patients with
advanced H V infection. We know that we can prevent
transm ssion of virus from nother to child. So
based upon that, we have |licensed drugs for the
treatment of HV infection when antiretroviral
t her apy i's war r ant ed, AZT nmonot her apy, and
I ndinavir in conmbination with antiretroviral agents
as indicated for treatnent of HIV infection. The
problem is | don't know where to go to find out
when antiretroviral therapy is warranted. And |
think data that have been generated in very limted
settings are now being translated to the entire

spectrum of HIV infection and I amnot sure that is

correct.

So what | would say is | am not trying
to lower the bar for immune-based therapies. | am
actually making the case that | think we should

raise the bar for antiretroviral therapies and

apply the same standards to antiretrovirals that we
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are talking about requiring to apply to immune-
based t herapi es.

CHAI RVAN MASUR: Well, thank you. W
were hoping for coments that would mke our
current and future neetings easier. But we
appreci ate those comments neverthel ess. | think
since we would like to spend uninterrupted tinme on
the questions, this mght be a good tine to take a
five-m nute break. And then in five mnutes we wl|
cone back and deal with the questions that have
been posed to the commttee and its guests.

(Wher eupon, at 2:11 p.m, off the
record until 2:23 p.m)

CHAI RVAN  MASUR: W need a few nore
comm ttee nenbers. So everyone in the audience as
well as the commttee should have a copy of the
questions that have been posed to the commttee. So
| am not going to read the entire text. | guess
there is one question on virologic outcones and one
on inmmunol ogic outconmes. And | would like to go
around the table and solicit both our guests and
committee nmenbers. | think from the Agency's point
of view, they are interested in our coments, not
necessarily a resolution of any -- of a consensus,
but they would like to get sonme guidance after we

have heard these excellent presentations of the
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nor ni ng.

So, again, you can see the background
paragraph up here. The first question we would
like to tackle regarding inmmune-based therapy is
listed as nunber A there. | mmune- based therapies
have a different mechanism of action conpared to
antiviral agents. How likely will changes in vira

| oad during or follow ng an i mrune-based therapy be

predictive of clinical benefit? So | am happy to
take volunteers and then we will go in sonme order
Fred, we appreciate your willingness to vol unteer.

DR. VALENTINE: Sinply not to solve any
questions, but to say that we do, as soneone else
commented in this norning's presentations, have to
separate out | think those inmmune-based therapies
that are attenpting to induce anti-HV imunity,
where | woul d suggest that viral changes are a very
appropriate readout if we could figure out a way to
do themin the context of potent therapy. W have
to separate out those types of inmune-based
t herapies designed to induce specific anti-HYV
responses from other types of i mmune- based
t herapi es which are designed to increase CD4's and
to increase antigen presentation and what have you.

So in the first question, | would say

that viral |oad readouts are very appropriate for
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t he vaccine type or other type of immune response
such as the DOP therapy design to enhance anti-HV
i muni ty.

CHAI RMAN  MASUR: Fred, when you say
that viral load is appropriate, does that suggest
that that is as predictive of clinical benefit as
viral load would be for an antiretroviral therapy?
Is it, in the year 2000, a validated surrogate?

DR. VALENTI NE: W certainly are
licensing a lot of drugs under anti-HV drugs on
their ability to decrease viral | oad. The
assunmption is that they are having the clinical
benefit, which has been denpnstrated upon giVving
anti-H'V therapy on the basis of their ability to
lower the viral [ oad. By the strict Prentice
criteria, there also perhaps is sonething else
goi ng on. Maybe Tom wants to comment about that.
But from ny perspective, yes. If you could find a
good clinical trial designed to show that the
introduction of an anti-H 'V inmune based therapy
dropped viral load in a reproducible and sustained
manner that that would be just as good as doing it
with the drug. That is nmy opinion.

CHAI RMAN MASUR: Well, Nancy, we are
actually -- it looks like we are tackling a through

d simultaneously. So maybe you could --
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DR.  VALENTI NE: That is always the
case.

CHAI RVAN MASUR: Well, 1 mean | think
that is a constructive and provocative start. The
question is would anybody like to -- why don't we
go around and | guess we wll bypass the Agency
people. Chip, you had said to ne at the break that

you were eager to answer these questions.

DR. SCHOOLEY: | thought you were an
honest man until then. That is a |lie too. | think
that | would agree with Fred with a yes, but. I

think that one of the things that we should really
try to take advantage of is what we have | earned
over the course of the last 20 years and not try to
reinvent the entire field every tinme sonething new
cones up. I think that the -- in the strict
context of an inmmune-based therapeutic that's mjor
focus and goal 1is to try to decrease vira

replication, we are nuch firmer ground there
feeling confortable than this is of nore rel evance
than with anot her mechani sm of action.

The but part is that because there are
mul ti ple ways and approaches to do that, you have
to also be careful that the toxicity involved in
this particular form of therapy doesn't have sone

count er bal anci ng effect. So, for exanmple, if you
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have an i mune-based therapy that is attenpting to
decrease viral load by, for exanple, elimnating
CD4 cells by radiation, you have to take that
caveat into consideration and not directly
extrapol ate the two. But | would hope that we
don't start out by thinking we know nothing and try
to reinvent the entire know edge base of HYV
pat hogenesis and its relationship to the disease
just because we are starting with a new set of
t herapi es. That does people a disservice as well.

CHAI RVAN  MASUR: well, Chip, let ne
just follow up on those two comments with you and
Fred before we move on to Brian. You know, there
have been issues with drugs |ike hydroxyurea that
may enhance antiviral effect wthout necessarily
having a CD4 effect. G ven that you brought up the
caveat on CD4's, how would you use a virologic
endpoint with an immne-based therapy w thout also
| ooki ng at other paraneters? Wuld you be -- are
you suggesting that you would be |l ess enthusiastic
about looking at that as an isolated phenonmenon
wi t hout | ooking at other issues? And then what
el se would you | ook at other than CD4's?

DR. SCHOOLEY: | guess again seemng to
-- trying to make this nore conplicated than you

would like it to be, we shouldn't |ook at any
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potential therapeutic in isolation |ooking at a
single variable. Very tine we have an antiviral
drug cone before us, we should be |looking at it in
the context of what else it does, and the sane
thing is true for inmmune-based therapeutics. Wth
hydr oxyurea, obviously the counterbal ancing effect
on CD4 cells is sonething that causes it to be a
bit different in considerations from a strict
antiviral agent. And | just think that ny plea is
that we ook at all of this in context and take the
whol e know edge base as part of the decision naking
process and not try to isolate a single thing and
having it be if you can just show that your immune-
based therapy decreases viral load by X tenths of a
log for X nunber of nonths, then it is an antiviral
agent. That oversinplifies it as well.

CHAI RMAN MASUR: Well, | think that is
a good point that we don't |ook at any drug in
isolation. W Jlook at the entire efficacy and
saf ety package. But then again, just to follow up
before we nove on, is there any -- the second and
third questions have to do with what paranmeters of
viral |oad change you would focus on. Should the
focus here be different than with the paraneters we
have | ooked at before, 24 and 48 weeks sustai ned,

decreases in viral |oad, or how m ght you | ook at
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t hat ?

DR. SCHOOLEY: Well, 1 think we are
trying here, as in antiviral drugs, to denonstrate
clinical benefit. And clinical benefit, if we get
back to the antiviral drugs, as has for the nost
part been denonstrated in situations in which as
little as a half log change in H'V RNA has been
denonstrated for a period of several nonths. The
reason we consider that an inconplete response in
antiviral therapy isn't because it doesn't benefit
the host. It is because we don't see it as being a
durable response because resistance 1is being
i nduced while we sit there with an inconplete
antiviral response. So if you have a patient wth
advanced HIV di sease and floating along with 40, 000
copies of the virus and you said to ne, | have got
this therapeutic intervention that wll decrease
their plasma HI'V RNA level to 2,000 copies, just
for argunent sake vaccination, | would consider
that, taking into account other issues related to
toxicity, a successful intervention if it was a
durabl e effect. And not say, well gee, you didn't
get to 500 copies, it was a bad thing.

So | think that it really here ought to
go back to where we were at the nucl eoside days.

How much of an effect do you have to have to have a
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beneficial clinical effect. Is that part of the
consi deration paradigm when we are |ooking at an
i mmune- based t herapeutic?

CHAl RMAN MASUR: So you are focusing on
magni tude, durability and the price you pay?

DR. SCHOOLEY: Right.

CHAI RVAN MASUR: Fred, before we get
around, do you want to el aborate on what you said?

At the end we will cone back to question D, which
has to do with what type of study design one m ght
consi der.

DR. VALENTI NE: You seem concerned t hat
t he immunol ogist mght not go ahead and neasure
sonething other than viral load. | can assure you
from what we have seen today that they wll neasure
lots of things in addition to viral | oad.

CHAI RMAN MASUR: Yes, we are concerned
about that.

DR.  VALENTI NE: Not just because they
are concerned about their enploynent. We do want to
under st and what is going on also, Henry.

CHAI RMAN MASUR: Ri ght. A good part of
the NIH budget goes to that. Brenda, | don't want
to pass you as we go around the table. You can
either comment now or we can cone to you at the

end, whenever you would |iKke.
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MS. LEIN. Going in order is fine.

CHAl RMAN MASUR: All right. Brian?

DR. VWONG I don't think | have
anything really to add to what has been said. |
think that it is very difficult to --

CHAl RMVAN MASUR: Can we turn the vol une
up over here?

DR, VWONG It is very difficult to
postul ate in advance what criteria one would have
to see when the manipulation or the intervention is
not known and the characteristics of the study
popul ati on are not known. But it is usually pretty
cl ear when you actually see the data whether -- you
know, whether it worked or not. And | think the
sorts of things that Chip nentioned -- you know,
magni tude of effect or ability of effect and the
toxic cost are all considerations.

I don't think we can say that anyone
has
-- | nmean certainly fromtoday -- from what we have
seen today, no one has shown that any of these
measures necessarily correlate one-to-one wth
clinical benefit. But | wuld also advise the
Agency not to use that as an absolute standard. |
mean, antiviral effect would nmeet the standard that

Il would set iif it was really believable and
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achieved at low toxicities.

CHAI RMAN MASUR:  Chri s?

DR. MATHEWS: I guess | would nmake a
comment anplifying something that Chip said. \When
you said --

CHAI RVAN  MASUR: Can we turn up the
m cr ophone - -

DR. MATHEWS: Not trying to rediscover
things that we have | earned over the last 20 years.
| mean, in general | would agree with that. On the
ot her hand, you know | think that there have been
class specific effects of various agents that we
have |ooked at over the years where there is
genui ne anbiguity about how nuch you can concl ude
that a honpbgeneous response, say for exanple in
viral burden, neans the same thing if it 1is
produced by one nmechani sm of action versus anot her.
And in my owmmn mnd over the last year or two, for
exanple related to this whole virus fitness issue,
continui ng regi nens when viral |oad appears to have
rebounded because there is evidence of continuing
clinical benefit, we know that seens to be the case
with protease inhibitor-based reginmens, but do we
know that in fact that is the case with protease-
sparing reginmens? And so | am not perhaps as

sangui ne in concluding that a change in viral |oad
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i nduced by a vaccine necessarily translates into a
conpar abl e amount of benefit induced by current
t herapeuti c approaches.

The other point | would make is that
focusing on any |aboratory neasure, while for
pur poses  of accel erated or even traditional
approval with a longer tinme frame, as the Agency
has done now, still really does not provide us with
a single integrated summary of overall benefit. |If
you focus on any conbination of | abor at ory
measures, you can still mss what the overal
predom nant effect on toxicity is. And | recall
that in the early hearings on |icensing of sone of
the protease inhibitors where data on lipid
abnormalities were presented, many people on the
commttee kind of |ooked at one another. W saw
triglycerides over 1,000 and said, well that is
interesting. | wonder what that is going to mean.
And of course much of the discussion that brought
us here today was precisely the aftermath of those
very early observations of uncertain significance.

So focusing on | aboratory neasures w thout finding
sone way to integrate the net benefit or net
efficacy of treatnment | think is going to be
probl emati c.

CHAI RMAN MASUR: And we will go around

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

190

and we will eventually cone back to David Parenti.

One of the things we have Ilearned is that
pedi atric patients are not necessarily identical to
adults. Do you have comments on that or other?

DR, YOGEV: well, first | have a
fundamental problem It sounds to nme that we are
trying to suggest that virus (inaudible). W saw
this di scordance. And for sonme reason maybe nore in
pediatric than in adult. And we, two years ago
because of suggestion that viral |oad has to cone
down spends drugs like there is no tonmorrow. That
told us very quickly that those (inaudible) at
least for the first two years, has been al nost
(i naudi ble). Those who got the viral |oad down to
what ever nunmber we decided according to the
met hodol ogy -- if it was 1,000, we said good. If it
was 500, we said fine. |If we need 50, we go 50. So
| think it would be wong if virological outcone
would be the yardstick that we are going to take
the immune system Not to nention that | think the
i mune system -- what we see in the blood is not
sufficient to what we really need to see how the
i mmuune systemis respondi ng.

So | for one wuld say that the
virological load is a nice paraneter, but | would

not use it as a surrogate for the immune system
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function because of what we are already seeing.
Trying to reinvent our failures and cone severa
years | ater

My other problem is from what | heard
today -- you know, | cane here -- how shall | say
it
-- timd, and I am | eaving confused. Because there
are so many paraneters and we didn't identify the
maj or one. There nmust be sonmething in the immune
system we haven't put or finger on that is nore
sinple, like the virus to the antiretroviral. So I
am afraid we are going to work by tradition, what
we see, instead of trying to pursue what is there
el se. And | would encourage the Agency not to try
to define a surrogate marker, but encourage | ooking
for them Because | don't think we have them
i ncluding the virus.

CHAI RVAN  MASUR: | guess as we Qo
around, hopefully everyone will try to specifically
address the first two questions, which is again
would viral endpoints be reasonable for |inmune-
based therapies and are there paraneters other than

the ones we are currently using for antiretroviral

drugs to look for. And then we wll tackle CW
after that. So, Courtney? Al'l right, Courtney
will hold for the nmoment. John?
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DR. HAM LTON: Well, as is wusual wth
nost conplicated things, the devil 1is in the
details. O course all of us would like to be able
to capitalize on the extraordinary data base that
has been accrued in the course of the antiviral
era, and to sonme extent | think we are dependent on
that data base. There have to be, however, other
very salient variables that are brought to bear on
t he analysis. And whereas | would say that | would
agree that some of the virol ogic neasures are anong
t he appropriate neasures that should be nade in the
course of trials of inmmune-based therapy, they are

certainly not the only ones. And in order to find

out what the others are, | think what we need are a
series of =-- and this 1is probably bad news
potentially for sone -- but what we need are sone
very ri gorous trials wher e t hi ngs are

systematically and rigorously exam ned in detail
So that we can either accept or reject those
par anmeters.

For the person developing it or the
institution that is developing these neasures, a
negative finding, of course, is not good news. But
for the scientific community, it is just as
i nportant at this stage for us to know what doesn't

wor k. We have to stop casting about. We need to
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become much nore focused. And | confess | am not
know edgeabl e enough in the field of inmmunology to
make those discrimnating judgnents. At this
moment, | need sonme data and | need sonebody to
provi de that for ne.

CHAl RMVAN MASUR:  Okay. Thank you, John.

M ke, one of the penalties for being late is that
if you look under B up there, in addition your
comrent s about whet her or not i mmune- based
t herapi es ought to use antiviral endpoints, maybe
you could nmake some comments and el aborate on what
Chip said. Should we be wusing any different
par aneters from the ki nd of magni tude  and
durability of virologic response that we are
| ooking for currently with antiretrovirals. Tinme to
response and slope of response -- should there be
other things we | ook for in immune-based therapy a
this point, or do we sinmply not know enough to make
t hose judgnents?

DR.  SAAG Oh, | think we mybe know
more than what we give ourselves credit for. |
would like to frame it in sort of the context of
hi story. Wwen we started off, we didn't have
anything to really neasure what was biologically
happening as we used antiretroviral therapy. We

had P24 antigen that was variable and not as
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predictive, and that is maybe a little bit of how
we are right now in terns of trying to neasure
i Mmuune system responses and not having the
technology to really nail down what inmunol ogic
interventions are doing.

So what we do have, though, is the
bi ol ogic outcone in ternms of viral |oad. And |
think it is inportant, if we are going to say that
whatever this intervention that we are doing has
bi ol ogic plausibility and that that intervention --
it is going to be based on an individual
assessment. But if an immune-based intervention has
biologic plausibility to have an effect on the
virus, then, vyes, we should be Ilooking at the
virologic response. |If there is a connection. |If
you can connect the dots and nake some sense out of
it. And I t hi nk to hol d t he i mmunol ogi ¢
interventions up to a different standard is unfair.
Because | think as the points were nade earlier,
you have virologic effects in certain instances,
but a patient mybe does worse. And | think what
Chip was saying is right. You have to take the
entire picture of not just the virologic response
but the toxicities into account as well.

But on the other hand, if you have, for

exanpl e, a subset of patients -- and | think this
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is what we heard from the community perspective --
we have a fairly significant subset of patients who
can get a virologic response, those who have
advanced disease, but their CD4 count response is
poor. | think that was panel C on the slide that
was shown earlier. And what about t hose
i ndi vi dual s? W just did an analysis of those
folks in our clinic. In over four vyears, 40
percent of them had died. And so that is not a good
out cone.

CHAI RVAN MASUR: These are people that
are virologically responsive --

DR. SAAG. These are people wth
virologic responses with no CD4 count increase. And
the fact of the matter is that we have all types of

information that suggest that, yes, viral load is

i mportant, but also CD4 counts are as well. And |
think for certain subsets of populations, if we
have an intervention that can nove them to
sonepl ace other than where they are, then | think

we shoul d consider gaining access at |least to sone
of those individuals, nuch Ilike we did having
access given to antiviral drugs at an earlier tine
when it was apparent that they mght have sone
clinical benefit. Wth that cones an obligation,

however, to follow these things up very closely
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over time. But to not allow access in some formto
this type of intervention | think is wong, just
like it was wong not to allow protease inhibitors
to start com ng out when there was enough data to
i ndicate that there was sone potential benefit.

So to answer question B, | think it
does depend on what the intervention is. But if the
intervention has a link biologically to virologic
production or the genesis of viral particles, let's
say, then | think virologic endpoints can be part
of the equation and maybe nore interpretable in a
sense than a lot of the imunologic assays for
which we don't have a |ot of good reproducibility
or we have difficulty interpreting.

CHAI RVAN  MASUR: So, M ke, if I
understand you, you would be wlling to consider
approving an imune-based therapy for accelerated
approval based on a virologic surrogate endpoint if
there was a sustained decrease in viral |oad and no
other logical prohibitive factor regarding an
i mmunol ogi ¢ or safety paraneter?

DR.  SAAG Logi cal . Yes, to answer
your question. | would be -- | think we should hold
-- we should hold the inmune-based therapies up to
the sanme balance that we do antiviral therapies

because the need is there. And | think we should be
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in sonme ways just as progressive as the commttees
were | ooking at antiviral drugs in the past because
the need is still there. This is not anywhere close
to being over.

CHAI RVAN MASUR: As we go around the
tabl e, does anybody who has already spoken want to
take issue with that? Wuld anybody not be willing
to consider accel erated approval if an inmune-based
t herapy produced a sustained virologic effect and
there wasn't sone other prohibitive issue?

DR. SAAG And it was biologically
pl ausi bl e.

CHAI RVAN MASUR: Right. | nean, | see
Dr. Schooley twitching a little bit and Brian
tw tching. Does anybody want to take issue wth
M ke's proposal ?

DR. YOGEV: Just to clarify. You nean
that you can identify there is nothing to do with
the antiretroviral in it?

DR. SAAG  Right.

DR. YOGEV: Specifically you are able -

DR. SAAG Let's be concrete. Let's say
you had antiviral intervention, as you suggested,
t hat dropped viral load to sone amount that wasn't

undetectable. Which, by the way, the only reason
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t hat I am aware of that people pushed for
undetectable wasn't for clinical benefit directly,
but it was nore in prevent resistance. It wasn't
saying that kids weren't going to benefit if they
went from 500,000 down to 50,000. | think everyone
figured there would be a benefit there. It is a
question of preventing resistance.

DR. YOGEV: (I'naudi bl e) better than 50
or better than 400, but now we are retracting from
it? Like a year ago or three years, there was a
suggestion that clinically you do better if you are
| ess than 507

DR. SAAG Not that | am aware of. I
mean, | thought of it in terms of preventing
resi stance. But let's go back to the anal ogy.
Let's say there was a situation where you could
take a kid from 400, 000 copies down to 50, 000. That
is the best you could do. And then you had sone
intervention X that was nmaybe inmune-based that
woul d drive that viral |oad down to |less than 50,
and t herefore pr event t he devel opnent of
resi stance. And those who didn't get t hat
intervention X did not get that benefit. And then
you could show that over one year's tinme, those who
did not get the immunologic intervention, 50

percent of them developed resistance to their
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regimen and the ones who did get the inmmunol ogic
intervention, because there was |ess reproduction
of the virus, et cetera, there was only 5 percent.
Then 1 would say that is pretty strong evidence
t hat there was sonething going on there. Even if we
can't explain it fully. And as Chip said, you don't
show a I ot of untoward events and toxicities in the
big picture. | think that should be considered as a

possi bl e agent for approval on an accel erated basis

just like we do with antivirals.
CHAI RVAN MASUR: Well, Mke, vyou are
willing to be pinned down, so | will try to pin you

down one tinme further before we mve to Tom
Fl em ng. If there were -- let nme ask you two
questi ons. If there were an inmmune-based therapy
which w thout antiretrovirals would reduce vyour
viral load from 500,000 to 50,000 or 5,000, would
t hat denonstrati on be enough to warrant approval ?

DR.  SAAG If | could understand at
| east in sonme fashion how that agent was working.
Now right now | can't picture that type of drug
unless it was causing toxicity to the point where
you created sonebody to be in norbid condition and
there was no biologic activity period. But, yes, |
think it should be | ooked at.

CHAl RMAN MASUR: Well, | think we have
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to assunme that there nust --
be biologic plausibility.

DR. SAAG Right.
CHAI RMAN MASUR:  And
a virologic effect,
see sone i nmunol ogi c paraneter
would virology in and of itself
again was biologic plausibility?

DR. SAAG Again, it

woul d you al so demand t hat

t hat

200

one condition has to

then if a drug had
you
benefitted, or
t here

be enough if

woul d depend. And

| know you are trying to pin me down. But if |

were confident that

the assay were reproducible, |

that as well. But frankly --

this norning's presentations, but

the assay fit

and |

t he biology and
would want to see
know | m ssed

| have seen a | ot

of data presented in the past where sonme of the
assays are not as reproduci bl e and their
i nterpretations are nor e difficult t han
understanding viral load. | can understand that a
little bit easier than | can sone of the marker
studies, et cetera. On the other hand, if there
was consistency in the marker study and it fit the
bi ol ogy as we understand it for how an agent woul d

work, vyes, | think that
t he package. You need to
pi cture.

CHAI RVAN  MASUR: Al
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appreciate your willingness to be pinned down.

DR. SCHOOLEY: | was just going to say,
but if your premse is that it is acting as an
antiviral agent and obviously there is association
between CD4 cell responses and viral responses with
antiretroviral drugs, but in groups of patients,
you generally see things nove in opposite
directions. Wuld you not want to see, at |east
with a sinple parameter of CD4 cell counts, the

sane type of response if you are going to use the

sane type of yardstick? | nean, it would make ne
feel less confortable if you had disassociation
t here.

DR. SAAG | agree. | think there is an
assunption that | am making that may not be fully

correct. And that is that for the tinme being,
anyway, | have a belief -- underscore that -- that
the immune systemis an antiviral agent in and of
itself. That it does have the ability to control
replication. If you can do sonething to inprove
that activity, I would think that you would see the
ot her benefits that would go along with suppression
of virus as you would see with an antiretrovira
drug, which would include rising CD4 count and
clinical outconmes in the long run that would be

benefici al .
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CHAI RVAN MASUR: Okay. Well, | think
that is a good point. You wouldn't want to create
a discordant patient, as you were describing
bef ore.

DR. SCHOOLEY: Well, if you are trying
to argue that you are using the data base you had
before, the data base you had before says that if
the viral |oad does X, the CD4 cell count should do
Y. And if it doesn't, that is a red flag that there
is something different here that you need to
consi der nore carefully.

I think the other assays that we talked
about this norning remain interesting and could be
bi ol ogi cally supportive of an intervention if that
intervention was supposed to have an effect on that
paranmeter. But there are things that | would
consi der deal breakers from the standpoint of
trying to consider an antiviral or an inmune-based

t her apeuti c.

CHAl RMVAN  MASUR: Okay. That is an
i nportant point. Again, we wll get around here
eventual ly. Ram do you want to have a follow up
poi nt ?

DR, YOGEV: Yes. | think we already

said that CD4 does not always represent itself

going in the other direction. It is only 45
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percent of the time. As nuch as it is devastating
to hear that a patient (inaudible) in the pediatric
popul ation. That is an extension of |ife conpared
to what it was before. So | am not sure that the
CD4 are as good with the viral com ng down that the
i mmune system didn't respond. There are other
(inaudible) in the imune system which you don't
understand that are not connected directly to the
CD4. | agree that | would love to have it. And if
sonebody conmes to nme and shows nme viral load is
down and CD4 went up, for ne it is perfect for what
we know today. But if CD4 didn't go up and the
question is when it should go up, but it remained
and didn't go down, for nme it is as good because it
depends when | am starting the therapy. But to
suggest that if CD4 doesn't change and viral went
down it is fete acconpli not as good, | think we
are not doing fair to this.

CHAI RVAN MASUR: Al t hough | think what
we are talking about is what surrogate marker
situation could we have confidence in. There may be
ot her situations where there would be benefit, but
we would have a -- demand a higher degree of rigor
before we would be willing to recomend |icensing
of the drug. |Is that your perspective, M ke?

DR. SAAG I think so. | want to add
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this one caveat. And | think again it goes back to
the concept of fairness in the direction of inmmune-
based approaches as well. And that is because of
these uncertainties, | think anytinme there m ght be
any type of accelerated approval, there comes wth
it an obligation to have followup data over a |ong
period of tinme. And | think that would answer a | ot
of these questions.

CHAI RVAN MASUR: Yes. Well, | think --
| don't know whether Jay or Heidi would like to
make a comment on that, but | think that the Agency
has been fairly vigorous and rigorous about
assuring that if there is an accel erated approval
there is follow up studies. Do you want to make a
comment on that? | don't know, Heidi, whether you
wanted to make a comment from the audience.

DR. Sl ECEL: Well, I'd only want to
comment that, yes, we would feel strongly about
t hat . I think that to the extent that we -- that
there are recommendati ons that sone therapies m ght
be approved using -- immune-based therapies m ght
be approved using viral |oad markers, it would be
recogni zed that that would be on the basis of
reasonabl e i kelihood under t he accel erated
approval regulations. As obviously we have al

di scussed, there is not yet validating data. And
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part D of this question is, in fact, how to get
that validating data. | think we would all agree if
we take such a step that it would be nice sone
years from now to be able to |ook back and |earn
the lessons of what works and why and how So
generating that data is inportant, although not
al ways as easy as it may seemtheoretically.

CHAI RVAN MASUR: Al right. Well, we
are sort of going around, but we wll allow a

little bit of backtracking. Fred?

DR. VALENTI NE: Just a followup
because it was just discussed. In the context of
anti-HV I nMmune responses, and even nor e

importantly for the next question, we have to keep
in mnd that the imune system is «clonally
structured and that it is indeed possible to induce
a very large and significant effector function by
i mmuni zation or another nmeans perhaps w thout
having a great increase in total CD4 cell nunbers.
And | think that was what Ram was -- the point he
was trying to nake. And it wll be very inportant
when we get down to the second page.

CHAI RMAN MASUR: Okay. Tonf

DR. FLEM NG In addressing this issue
of the use of virologic outconmes as a surrogate for

i mmune-based therapy, | guess | go back and track
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what we |earned from the past. In fact, | m ght
rephrase how this opening paragraph is worded,
which states that because of well-established
correlation between decreases in viral |oad and
clinical benefit in studies of subjects receiving
antiviral therapies, changes in viral |oad are --
meani ngf ul changes in viral load are accepted as a
surrogate. Actually, | would have thought that it

was nore than just

noting this correlation that

| ed

us to this acceptance. It was trenmendous good
fortune that over the past decade we have seen
remar kable strides taken through triple drug

therapy in terns of

viral load. And in
prof ound effects on
t he aggregate of
led us to the |evel
this point in using
an antiviral agent.

CHAI RMAN
say we have confide

t hat

DR, FLEM NG

confidence in this

have a different

achi eving profound effects on

addition to that, docunented
clinical endpoints. And it is
those insights, | think, that has

of confidence that we have at

viral load as a surrogate for
MASUR: Well, Tom you would
nce in that, again, with drugs

mechani sm of acti on?
My point is we have

not sinmply because there is a,

as Jon was referring to termnology this norning, a

Type 0 or

202/797-2525

Type 1 associ ati on,

but there actually is
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a Type 2 association, at least in so far as the use
of this as a marker in |ater stage. Now goi ng
beyond this, actually the stage of infection is
i mportant. \When one has observed profound effects
on viral load of sustained duration in a nore
advanced di sease setting, one can argue that that
is the setting in which the surrogate actually is
the Ileast helpful because the <clinical effect
itself is immediate and can be vali dated. \Wher e
the surrogate is of greatest benefit to us is where

it gives us an answer nuch nore rapidly than the

clinical answer. And even for anti -- even wth
antivirals, | think it is very -- it remains very
controversial how validated viral load is. | think
there is a great deal we still don't understand in

early stage infection as to the level of effect
that we have to see in order to be confident that
we have established the proper role for the
intervention -- when to start and when to swtch,
et cetera. So where surrogates are nost val uable
is often where they are nost challenged, and |
woul d sinply point out that viral load itself is a
measure that has a certain |evel of validation and
that |level of validation is where the effects are
most profound, nost durable, in a nost advanced

di sease setting, where actually the benefit of such
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a marker is |east.

Wth this as a backdrop, what can we
say about wuse of these neasures of virologic
outcones for inmmune-based therapy? Well, | think I
| ooked at two criteria. | go to what Fred was
saying at the beginning of this discussion. If we
are going to use a virologic outcome for immune-
based therapy, one needs to very clearly, as best
we can, understand the relationship of the marker,
in this case viral load, with the overall disease
pat hophysi ol ogy. And certainly it can be stated, it
is the virus, stupid, as often is stated. And in
fact if the effect is profound, it is in fact a
fairly reliable marker in that setting. But as Fred
points out then, if the immune-based therapy is
targeting an anti-H'V immunity, then it is nmuch
more plausible that that in fact is the mechani sm
that this intervention is going to affect. \%Y%
worry is that, as he was pointing out, treatnent to
enhance CD4, CD8 and CDL, we may be substantially
insensitive or underestimating the effect of this
intervention ultimately on clinical endpoints by
not specifically targeting the npst sensitive
measur e.

The ot her issue --

CHAI RMAN MASUR:  Well, right now we are
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-- | guess we are going to come back to whether or
not there also ought to be other surrogate markers
anong i nmunol ogi ¢ par aneters.

DR.  FLEM NG That is a very good
point. In fact, | think the answer to this with an
i mmune-based therapy in nearly any setting it is
going to be a nmultivariate marker. | think we would
undoubt edly be better served, although | can't tel
you what this nultivariate conponents are -- but
better served by a marker that captures both the
antiviral effects, specifically viral |oad effects,
as well as what are the plausible imunologic
changes that are induced to achieve those virologic
effects. So undoubtedly sone kind of a nultivariate
marker wll be nore sensitive and reliable in
predi cting benefit, being sensitive to benefit, and
in fact reducing the risk of false positives as
wel | .

The ot her I ssue, t hough, IS t he
uni nt ended nechanisnms. |If an agent is sufficiently
potent to generate an inmmune response that in turn
will generate an inportant viral |oad effect, it is
unrealistic to think that there aren't a nyriad of
ot her effects. | mmune-based effects as well as
other toxicities. And certainly these have to be

factored in as well.
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Which brings us back to the issue -- it
is clearly, i.e., the reliance on a virologic
marker will certainly depend in a significant way

on what is the nmagnitude of the effect and the
duration of the effect. If we are, in fact,
benefitting fromhaving a triple drug effect and we
are looking at trying to inprove on this, to
antici pate an order of magnitude inprovenent, again
over and above what we have seen in the past, as we
have seen in other disease areas, is a difficult
thing to replicate. Of course if we are saying
what we are interested in is |ooking at immune-
based therapies against a placebo control that
woul d be initiated in the early stages of infection
in a way to delay the need -- delay the
i npl ementation of triple drug therapy, then one nmay
wel | be able to achieve a very significant
reduction in viral load. But again what has to be
factored in is what is the duration of the effect
and the magni tude of the effect and the time of the
overall infectious process. If you are | ooking at
an early initiation, I worry consi derably about how
to reliably understand the results on the surrogate
and what they are reliably telling us about the
best way to use this intervention and what its

ultimite effect wll be on nuch Jlonger term
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clinical endpoints.

CHAI RMAN  MASUR: Ckay. Those are
i nportant considerations. Trip?

DR. GULI CK: wel I, I, li ke other
speakers, would find it conpelling if an immune-
based therapy <could induce a significant and
durabl e decrease in viral |oad. Inherent with that
| agree that an assessment of the immunol ogic
properties at the sanme tine and very inportantly
the toxicities of the drug would need to be taken
into account. And others have nade these points
today. | too think that you need to understand the
bi ol ogi cal plausibility, the nechanism of action of
the immune-based therapy in order to evaluate its
effect on these endpoints.

One point that | think Dr. Flemng
began to reach toward is that an assessnent of a
new therapy in HV disease not only can benefit
from what we have l|earned in the devel opnent of
antiretrovirals but actually has to consider
antiretroviral therapy. O not comng in with a
brand new drug and saying, well we don't have
anything else, let's try this drug. This needs to
be tested in the clinical scenario where we do have
antiretroviral agents which are quite capable of

positive effects that have been well denobnstrated.
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So | think thinking about i nmmune-based therapies
effects on viral |oad and other markers, we need to
t hi nk about that in the context of what we can do
with antiretroviral s today.

Some of the previous speakers thought
that there m ght be novel ways to do that or novel
popul ations to study, such as people who don't
respond to what we have today or are failing what
we have today. So that m ght be the nost
appropriate place. | guess inherent in accelerated
approval, there is a stated need for a new therapy
in that context. And that too draws us, | think
to certain populations rather than trying to apply
this to all coners

CHAI RVAN MASUR: Right. Well, we are
going to get -- we will start with you when we get
back to question D, which is what kind of study
design m ght be appropriate for this. But let's
keep noving. Sharilyn?

DR. STANLEY: | guess | am going to get

to the sane place that everybody else is at, but I

get there a little differently. | don't think the
bars are even because -- and | <call it the duh
hypot hesi s. Wt h antiretrovirals, you are

targeting the virus. Wth i mmune-based t herapy, you

are targeting the immune system And so | think
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that wultimtely markers of 1immune function are
going to be nore inportant than viral | oad,
perhaps. But if the wultimte sign of a healthy
i mmune system in an H V-infected person is the
ability to suppress virus by their inmmune system
then that is an inportant marker.

So | guess | conme around to saying that
viral load is inportant. It is sonething that
shoul d be | ooked at. But again as Tom was talking
about, it is going to have to be in a spectrum of a

vari ety of measurenents that also target the immune

system

CHAI RVAN MASUR:  All right. Brenda?

MS. LEIN: Well, | know that it was
echoed -- | think Fred brought it up first -- that

| think we have to separate the discussion between
HI V-specific immune-based therapies and those that
may enhance other types of immunity. And | think
that viral load is really inportant if you are
t al ki ng about an HI V-specific immune-based therapy.
And | wouldn't disagree necessarily w th anything
t hat has been said, although I kind of wonder where
we are all living because | don't know of an
i mmune-based therapy that is HV specific today
that sort of inhibits HV to the nmagnitude and

duration of an anti-HV therapy. So | think the
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di scussion is a lot nore difficult than what we are
having. And perhaps it is in Da little bit, but |
t hink what needs to happen is there needs to be
anot her panel convened to take a |look at the viral
| oad data and reassess what we really know. Because
| don't believe that it is a really strongly
-- viral load is areally strongly validated Type 2
marker. | think it is a Type 1 marker and in
advance stage disease, it is probably |east useful.
| have had too many friends die with undetectable
viral load to think that |owering their viral | oad
further would have benefitted them any.
So | think that when we talk about
i mmune-based therapies that are H'V specific, we
are tal king about sonething a |lot nore subtle. W
are tal king about maybe vaccines that currently --
| mean, the current vaccine products seemto alter
Hl V-specific inmmune responses that we don't know
what those mean and don't really have any effect
what soever on viral |oad that people have noticed
to speak of. So the other HIV-specific imune-based
therapies are H V-specific CIL therapies and
others. So in the context of reality of where we
are at right now, | think that the discussion needs
to shift to the subtleties. | don't think that any

of the products that are currently avail able could
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be approved on the basis of current guidelines for
what we are using to approve antiviral drugs. |
don't -- | think that perhaps we have to be
changi ng the discussion to | ook at added benefit.

I know that it has been repeated a few
times that our need to develop inmune-based
therapies is because the current drugs are toxic
and we are in an urgent situation. And | really
think that perhaps the response to the current
drugs are toxic is to push for the devel opnment of
drugs that are less toxic that are antiviral in
nature. But we need |IBTs to enhance the natural
ability of the body to control the disease, be it
H'V, which it doesn't seem to be able to do very
well, or the sequelae, which really seens to be
what is killing people. If an immune-based therapy
that wasn't HIV specific didn't have an inpact on
HV RNA and in fact nmybe even HV RNA was
increased, | don't think that would affect nme as a
patient advocate. The outcone neasures and what we
are looking for are really different. Certainly it
needs to be looked at in the context of other
things. | think wasn't it FIAU that was able to so
beautifully decrease viral |oad but killed people?

That there is a larger context to look at and

those long-term followup studies are going to be
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critical. But | hope that we would nove away to
sort of where we are at wth imune-based
t herapies, which isn't a potent antiviral response.

CHAI RVAN MASUR: Right. Well, 1 think
that is going to be -- | nean, those are good
points. W are going to get to part 2 of this,
which wll be to discuss markers that are not
virologic in nature and whether or not there is a
basis for that. That will be part 2 that will cone
around agai n.

MS. LEIN: Well, and so then if we | ook
at question B, | think that the question is really
relevant for anti-H'V therapies comng down the
pi peline as well. Wat types of new study designs
and what type of responses and effects on viral
| oad are necessary to even approve a new anti-HV
drug over what we have today. You know, all of the
different ways that we can think about anti-HV
approaches, be they immune based or other. Okay, so
if I went off therapy -- mnaybe even going off
therapy for six nonths should let you approve a
drug because you have been able to sustain vira
| oad decreases and save soneone the toxicity of
therapies. And boy, shouldn't that receive an
accel erated approval based on real clinical care

i ssues and the experience of patients. But | don't
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know nyself, and | think we really need the data on
the table and in front of wus to show that
decreasing viral load from 5,000 to undetectable --
from a low level to an undetectable l|level really
does sonething neaningful for an individual. |
think that people have been using that approach
with anti-HV therapies. | am on this three-drug
regi men. Let's throw on five to get It
undet ectable. Is that necessary? |Is that useful?
Let's reevaluate the data and find it out before we
say, yes, we would accept that. And that seens to
be what we are asked to | ook at.

CHAI RMVAN  MASUR: Those are inportant
questions. | have the feeling that we are not going
to be able to address those here. But you are
right, there need to be other forums to |ook at
that. Let's keep going. Bob Redfield?

DR. REDFI ELD: My comments are very
simlar to Mchael's.

CHAI RMVAN  MASUR: Is that m crophone

wor ki ng? Try agai n.

DR. REDFI ELD: | don't think it 1is
wor ki ng.

CHAI RMAN MASUR: All right. So you said
your -- all right, try again.

DR. REDFI ELD: My comments are simlar
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to M chael's. For those i mune-based therapies
that are thought to have an immunoregul atory
i mpact, I think that viral load is totally
appropriate. And in terns of the issues related to
other additional antiviral sort of readouts, |
think in individuals that are on initial therapy or
t hat are suboptimally suppressed, | think having an
impact that |ooks at nore optinml suppression,
differences in rates of resistance and enhanced
durability is, I think, a very reasonable goal |ine
for an i mmunoregul at ory-based i mune- based t herapy.

And in individuals that are optimally suppressed,
say viral |oads less than 50 copies, just to echo
what Brenda said, | think in the post-treatnent
structured treatnment interruption, if one could
denonstrate that one could take soneone that is
antiretroviral dependent and convert them to
antiretroviral independent by sone thresholds yet
to be defined, say 500 or 5,000 -- again, whatever
the debate is, based on clinical relevance, that
this too would be a very reasonable path for those
i mmune- based therapeutic strategies, again that
have a basis wunderpinning them that they are
basical |y causi ng enhanced in Vi Vvo I mmune
regul ati on.

CHAI RVAN MASUR: Okay. Doug Fish?
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DR. FISH Well, |I would agree with nuch
of what has been said, and certainly | think that
the viral | oad piece would be inportant to | ook at.

Echoing what Dr. Gulick has said, | think we have
to renenber that these would be developed in the
wor| d where HAART exists and so there is not going
to be necessarily a HAART control arm and an
i mmune- based therapy control arm |ooking head-to-
head in a naive patient necessarily. So in as nuch
as several of the immune-based therapies that are
under consideration would be in patients who have
controlled viral replication on HAART, getting to
question B, what could we | ook at and then tine to
viral rebound | think would be inportant there
Also, if patients were com ng off of therapy -- say
t hey were on HAART versus a HAART plus i mune-based
t herapy, perhaps resetting their viral setpoint,
i ke has been denonstrated with acute H V. Perhaps
t hat m ght be a nmechanism for chronic infection. So
that would be a place where I could see viral |oad
bei ng i nportant.

And then thirdly, as patients are on
i mmune- based therapies, just nmaking sure that there
was not an adverse effect on viral |oad. That viral
|l oad didn't go up conpared to standard therapy.

CHAI RMAN  MASUR: Okay. Thank you
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David Parenti ?

DR. PARENTI : | guess it is hard to
di sagree with npst of what people said. My
concerns | guess would be that the bar of dropping
vi ral load is too high for the inmune-based
therapies, particularly when they are being used
with antiretrovirals and that the other neasures of
virologic response, whether it be delayed rebound
and strategic drug interruption or neasures of
persistent viral replication, that those probably
shoul d be | ooked at as well.

CHAI RMAN MASUR: Well, | think that is
a good introduction to sort of our second point of
ot her endpoints. So we wll conme back to that.
Since we are |ooking for wsdom rather than --
usually we confine these discussions to just
commttee and our consultants. Do any of the
invited speakers in the front row want to make any
comments on one of these? Dan? And keep it to
| ess than 30 m nutes.

DR.  KURI TZKES: Yes, 1'll do this in
two mnutes. | think I would -- | have an easier
time feeling confortable wth the paraneters
suggest ed when you are | ooking at things going down
than | am with things going up. Il think it is

clear to me that if an inmmune-based therapy either
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enhanced the extent to which virus |oad was
suppressed or increased the duration of viral |oad
suppression that that ought to be treated in the
same way that antiviral agents are.

Since | am not certain what it means to
interrupt treatnment in terms of duration of
clinical benefit and since that remai ns a
hypothesis currently that interrupting therapy is
of benefit in a global sense, it is less clear to
me that a reginmen admnistered to patients which
then leads to virus plateauing at sone internediate
|l evel following cessation of therapy in and of
itself is conferring benefit sinply because you
pl ateau at 20,000 copies instead of at 50,000
copies. That benefit inplies know edge that the
treatment interruption -- +the cessation of the
antivirals is of itself of benefit. And so |I have
nore difficulty figuring out exactly how to apply
this in that setting. If it allowed you to be
totally free of drugs with preserved CD4 count and
conplete viral suppression, then yes, | think |
woul d accept that. But the internediate |levels, |
am | ess certain how to deal wth.

CHAI RMVAN  MASUR: Okay. M ke, Al an,
Larry, Cliff?

CHAI RMAN MASUR: | think that since it
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is nmost likely that +the beneficial effect of
antiviral therapies is nediated largely if not
entirely t hr ough sone perm ssi on of sone
i mmunol ogic restoration, that if you have an
i mmune- based therapy that is going to dimnish
viral replication to sone degree, | think this nust
be balanced in the context of some plausible
evi dence of immunol ogi ¢ enhancenent, whether it is
an increase in CD4 cell numbers or some functiona
enhancenent. Because dropping your CD4 cell count,
for exanple, and blocking viral load a little bit,

it is hard to balance those two off as necessarily

in the patient's best interest. So you need sone
enhancenent .

CHAI RMVAN  MASUR: I think we have
| earned that froma few exanples. But | think that

is an inportant issue that Chip brought up that we
have to keep in mnd. Alan, do you or Larry have a
comment ?

DR. LANDAY: Well, | think overall what
we have seen in ternms of the discussion, | would
certainly see that with i mmune-based therapi es that
can inpact the viral load that we could certainly

| ook at that froma point of view of accepting that

aspect. But | think in term of that inpacted viral
| oad yet we are not neasuring CD4, | think we
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clearly have to look at that in conjunction. So |
think the two are really inextricably |inked, that
CD4 and viral |oad have gone together. W have seen
t hose di sconnects. We certainly have seen variation
in the outcones or at |east sone of the indications
are that there may be wvariation in <clinica
outcone. | think M ke Saag brought the issue of
being able to measure. Those are at |east two
measures that we know can be done pretty well in
| aboratories at this point.

CHAI RMAN MASUR: Vell, | think we will
take that as the School ey hypothesis, that we need
to ook at the whole package and that there nmay be
deal breakers there and it is hard to define those
ahead of tine.

DR. FOX: 1'd like to point out that if
our under st andi ng of why ch4 count ri ses
dramatically with the initiation of HAART is true,
and that is presumably because the antigenema is
reduced and that the pro-inflamatory response is
reduced and that the adhesion nolecule production
is reduced and therefore you have |less trapping of
menory CD4 cells in the i mmune organs, that we then
m ght see just the opposite with an effective anti -
HI 'V response generated by an inmmune-based therapy.

There m ght be nmore inflammtory response and you
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m ght see at |east transiently a drop in CD4 cells
as nore trapping occurs. You wuld hope that
eventually we would see a reduction in virema and
that then we would see the rise that we see so
dramatically with HAART, but there may not be the
same connection that we see with antiviral drugs if
the inflanmation increases.

I would also like to wunderline once
more that we need conbined endpoints in these
studies. If the shift that we are seeing happening
in the community continues, as soon as the first
study is published that shows at the end of a year
or two interrupted therapy is as good in terns of
being able to reduce the viral |oad once you resune
t herapy and the CD4 count going back to where it
was as continual therapy or continuous therapy, |
should say, there will be an enornous novenent for
people to stop using continuous therapy and use
interrupted therapy. That could very well becone
the pattern of antiviral therapy two years from
now. We will go from the infectious disease node
to the cancer nodel. You put the patient into
rem ssion and then you treat again when you need
to.

If that is the context in which we find

ourselves a year or tw from now, anything that
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permts you to prolong that period of rem ssion
obviously is going to reduce toxicity and that is
what everyone is going to be looking for. So if we
have nodels in which we have conbi ned endpoints of
virologic CD4 changes with toxicity neasures, then
| think an immune-based therapy is likely to wn
that contest against continuous antiretrovira
t her apy.

CHAI RVAN MASUR: All right. So I guess
the question will be if in tw years we wll have
had enough tinme to be convinced that there are no
del eteri ous effects, but t hat S anot her
di scussi on.

DR.  FOX: But we actually -- if take
too long, we may be | eft behind by our patients who
will go that way anyway.

CHAI RVAN MASUR: Ri ght . Well then, we
have about 40 mnutes left and I'd like to make
sure we get to question 2. But question C and D
here have to do with the type of study and what
ot her endpoints we m ght |ook at. We have talked
about accel erated approval. Wuld anybody like to
vol unt eer some comments? Tonf?

DR. FLEM NG Maybe a quick coment. |
think this distinction that is raised by D is

really critical. The comments that | gave before
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was really in the context of what |evel of evidence
woul d be required to establish adequat e
plausibility of efficacy to yield an accelerated
approval. It 1is certainly another dinension of
difficulty to determ ne whether the plausibility of
efficacy as achieved by docunented effects on a
mar ker woul d be adequate to ultimately sufficiently
establish efficacy to give a conplete approval. So
at least ny preferred answer to 1D would be that
there would be clinical endpoint data. At least in
the spectrum of studies that we would be doing
| ooki ng at classes of agents, there would be sone
studies that would allow us to determne in a
direct way what the effects are on clinica
endpoi nts.

In fact, if we would propose using
sinply neasures that are based on virologic
endpoints, | guess | wuld ask mnmy colleagues to
suggest what would be the magnitude and duration of
effects on virologic endpoints alone and at what
stage in the disease process in order to justify
that an effect on such markers is essentially
conclusively establishing an effect on clinical
endpoi nt s.

CHAI RVAN MASUR: Right. Again, | don't

know, Jay, whether you would Iike to make a
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comment. | would again assune that if you were
going to use surrogate markers as a basis for an
accel erated approval, that you would denmand, so to
speak, a clinical endpoint Ilong-term follow up
study. Is that a safe assunption?

DR. Sl EGEL: Well, | guess we would. |
shoul d hope we woul d. I think maybe Heidi can --
or maybe the commttee can comment on this better
than | can. I think in the area of antiviral
dr ugs, where  of course there is nmuch nore
validating data, there is sonme suggestion of using
nore durable, long-term antiviral effects as the
confirmatory data, if you will. Since those may be
further validated as predictive of efficacy. |
think our current thinking, if that is what you are
asking nme, regarding inmune-based therapies would
be, as Dr. Flem ng just suggested, if we were to do
an accel erated approval based on antiviral, we
would want to see a study design that confirned
clinical outcone benefit.

CHAI RVAN MASUR: Right. | nmean, | was
assumng that we were talking about an as yet
unval i dated surrogate rather than a surrogate which
given sonme of the caveats that have been nentioned
seens to be relatively well validated. Hei di

Jol son, do you want to make any comrent or should
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we keep noving on? She doesn't want to make a

coment. Okay. M ke?

DR. SAAG There are just -- | think in
the ideal sense what Tom has said is right. You
want clinical endpoi nt s. But there are sone

practical problenms with that in this day and age.
When antiretroviral t her api es wer e first
i ntroduced, the concept of prophylaxis wasn't a
routine practice. And also | think we have | earned
a lot nore about the conversion between defining a
syndrone where X nunber of opportunistic processes
were used to define the syndrone versus other
conplications that you mght consider clinical
endpoi nts now. So | think that the situation we
are living in right now is very different and that
the frequency of clinical endpoints is going to be
much |l ess today in aggregate than it was 10 years
ago.

CHAI RMAN MASUR: Well actually, just to
-- | tried to make the distinction between clinical
endpoints and long-term followup. It nmay be that
long-termfollowup is the best you can do.

DR. SAAG Exactly. Because | think the
ultimate -- | nean, the endpoint that you really
need to watch is nortality, and that takes a |ong

time fortunately these days for that to happen as
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opposed to the past. But | think that soneone
devel opi ng esophageal candi diasis, which would
classify as a clinical endpoint, isn't necessarily
the same as developing PM. |ynphoma. So | think
t hose are the kinds of difficulties when you design
a clinical endpoint study. It could be driven by
the less, if you will, neaningful or the diseases
t hat have less clinical inpact in the |long run

CHAI RMAN MASUR:  Tri p?

DR.  GULI CK: One way to think about
what types of study design should be considered is
need. And | think the greatest need in this field
right now is for people who have taken and failed
all currently available approved antiretroviral
agents, the so-called salvage therapy field. So you
could mke a strong case for the fact although
t hese patients are difficult and challenging and
of ten advanced that that is the place to start with
studi es of a new novel therapy |like an i nmune-based
t her apy.

Two other inportant places to think
about are building on comments that other people
have nmade. The fact that virologic failure occurs
commonly on our best drugs would make that
popul ation interesting to look at to see if a new

novel therapy could prolong the good effects that
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we have seen. And hand-in-hand with that is that
the people who are developing toxicities on our
best drugs, could immune-based therapy sonehow
provi de a durable virologic and i munol ogi c effect,
even if we needed to discontinue nedications that
cause toxicity.

CHAI RMVAN MASUR: Trip, would you then
be | ess enthusiastic about using these in untreated
patients with the idea of trying to forestall their
reaching the endpoints that would trigger your
starting the currently available antiretroviral s?

DR. GULICK: Well, perhaps the cl eanest
popul ation to look at are those with early HYV
di sease, where it is not clear that antiretrovira
t herapy should be started, and then you could
ethically do a placebo-controlled trial, a true
Phase Il or a Phase | just to docunent the
bi ol ogi cal effects of these reginens before you
proceeded. But | think that would be a reasonabl e
pl ace to | ook al so.

CHAI RMAN MASUR: Let's have two nore
comments and then | am going to ask Jay or Karen if
t hey want any nore clarity here. But I would Iike
to have at least the half hour before sonme of the
panel nmenbers go to discuss the second point. But

Chi p, Ram and sonmeone else here had a comment.
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Let's start with Chip.

DR. SCHOOLEY: Well, | agree with Trip
about the fact that people with advanced stage
di sease who have been through many or all of the
drugs we have available are where the nost
i mmedi ate nmedical need is present. | think we have

to be careful not to inpose a one size fits al

approach to evaluating these agents as well. Go
back to the nmechanism of action. If you have a
passive inmmunotherapy |ike nonoclonal antibody,

that mght be a patient population in which that
form of therapy would be very appropriately
t arget ed. On the other hand, if you are talking
about active immunotherapy with a vaccine, that may
not be the place to go. So just as in the
antiviral division where | think it is inportant
not to have every drug evaluated in the sane way,
you have to think about what niche you are going to
use it in, | think here we really should keep an
open m nd about what the mechani smof action is and
what the intended clinical niche is and not decide
that -- it may be that passive imunotherapy isn't
going to work, but if sonmebody showed nme a vaccine
that would forestall the need for therapy for 15
years, | would love it too.

CHAl RMVAN MASUR: All right. Let's have
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the last comment from Ram Then either Bill, Karen
or Jay can let us know if they want nore clarity
before we nove on to issue 2.

DR. YOGEV: | for one would like to see
study stock in a population where the i nmune system
is less (inaudible). W are asking too rmuch
(i naudi ble). As we know today, we don't have this
great one. So I would like to see a continuation
of in effect, for exanple, all antiretroviral
therapy. And | would suggest -- it is surprising to
me that we really agree that triple therapy is the
right thing to do when a |ot of data suggests that
at least 25 of the population do very well wth
dual therapy. Many issues apply to this group
because of t he toxicity, conpr om si ng wor k
happening in real life. ldentify those which are
working and then put them against -- on dual
therapy with an ADT to see an el ongation of effect.

| also think the study should be nuch | onger

because we see -- and we |earned the hard way that
viral load, we need to wait -- if you recall it was
8 weeks, 12 weeks, 15 -- | would say 20 or nore.

Just recently we did a drug that is still doing

well at 24 to find out at 48 it is not good. The
i mmune system is so nuch lagging in its response,

that we need at |east to have before we even start
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saying it is good sonewhere around a year or 48
weeks before we can even say it. Because then to
go to less than 50 inmmunity to start the ABT and
ask for a longer one before you go. And then even
longer to see if it continues. But | think the
salvage will kill potentially too many potentially
good weak ones because the imune systemis already
over bur dened.

CHAI RVAN MASUR: That is an inportant.
| would rather not get into the issue about dual
t herapy right now because | know that there are
some nenbers of the panel that could probably
debate that for hours. A quick coment from
Courtney and Fred and then let's -- or, Mke, did
you have a qui ck comrent ?

DR. FLETCHER: Just in terms of trial
design. | really pick up on a comment that Dr.
Si egel made this nmorning about pharmacoki netics not
being exactly as wuseful for these i mmune-based
therapies as they perhaps have been for antiviral
drugs. | think what it nmeans is in the Phase
|/ Phase 11 environnment in ternms of trial design,
there is going to have to be particular attention
paid to if you are going to use let's say viral
load as a surrogate marker, to developing a

guantitative understanding between the dose or
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doses of this therapy and that reduction in that
surrogate marker so that you can have a rational
framework for then what you are going to study when
you get into your pivotal trial. The caveat here is
a drug in which you can denonstrate a 28-day hal f-

life for exanple may not at all be able to be used

on a once nonthly basis. So |I think in terms of
trial design, that Phase |/Phase Il area to devel op
t he doses for the Phase |l1/Phase IIl area is going

to be particularly inportant.

CHAI RMVAN MASUR: That is an inportant
i ssue. I would presune that also one has to be
very careful about what the effect of imune-based
therapy is on the kinetics of traditionally
retrovirals and that we not overl ook that.

DR. FLETCHER: I think that is exactly
right. If you have the possibility of affecting any
of the mmjor organ systens involved in clearance,
you really are going to have to know that and that
really needs to be done early on in the Phase
|/ Phase Il and not wait until sone surprise cones
up during Phase I11.

CHAI RMAN MASUR:  Fred? Last comment?

DR.  VALENTI NE: Four types of study
desi gns. Patients who are early in their disease,

as Trip suggests, who we don't feel we have to
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treat. Secondly, time to virologic relapse in
patients who are on current therapy. Third would
be people who are on therapy, who received a
vaccine, for exanple, stopped therapy. And the
fourth would be people who are inconpletely
suppressed in spite of everybody's best efforts but

who have a sufficient viral load in which the
i mmune system mght suppress but whose i mmune
system is sufficiently intact that they m ght

respond. I think there is a real question as to
what type of virologic endpoint and what cutoff you
put into each of those study designs, however. W
don't have any idea, at least | don't, as to what

|l evel of wviral load the immune system m ght be
expected to control, and sonebody else earlier

eluded to that as well. Certainly the initiation
of an i mmune-based therapy faces the sane dil emms,

as sonmeone pointed out, that the initiation of a
new antiretroviral therapy does, if you are giving
it in the context of current potent therapy in the
sense that you are trying to fish out an additional

increment of benefit in people who may be doing
fairly well and that is why the tinme to virologic
rel apse or stopping therapy mght be particularly
appeal i ng.

CHAI RMVAN MASUR:  All right. Well, thank
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you for those concrete recomendations. Bill, Karen
or Jay, do you want to nmake some final comments

here before we go on to nunber 2?

DR. Sl EGEL: Well, I would just like a
quick clarification on that issue. | guess we heard
much of the comnmttee comment on the -- what is it,
t he School ey hypot hesi s - - t hat sust ai ned

significant wviral reduction in the context of
considering toxicity and other aspects could well
be likely to predict benefit. And | guess perhaps
it is fair to say sonewhat nmore mxed comments
about what we know or don't know about mnmeasuring
viral levels during treatnment interruption and what
that m ght nean.

One of the other areas though under B
in tal king about how we ook at viral levels is the
one Dr. Valentine just nentioned, and it has really
only to my count been commented by three people
but is one that there is a lot of interest in
| ooking at, which is taking people who have good
virologic control on HAART, adding on an inmmune-
based therapy and | ooking at the time to relapse to
recurrence of virus or whatever. Is there a
general consensus that that is also a rather useful
virological neasure likely to be predictive of

clinical benefit with the various caveats that we
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have given regarding | owering virus | oad?

CHAI RVAN MASUR: Well, | guess whether
one could be confident that it is likely to be
predictive. | guess 1'd be a little hesitant, but

| saw Chip raising his hand.

DR. SCHOOLEY: | didn't mean to buy the
pony. | just noved ny fingers.
CHAI RMAN MASUR: | thought that was all

t he energy you had left.

DR.  SCHOOLEY: That is right. 1 think
if the premse again is that your intervention is
going to have an antiviral effect and by doing so
will delay the tine to relapse, it is likely also
to be able to be denonstrated to have an antiviral
effect in the dynam ¢ range you can neasure it. So
| don't see those necessarily being disassoci ated.

CHAI RVAN MASUR: No. The question is
will that be beneficial in the long term -- wll

t hat predict benefit in the long term

DR.  SCHOOLEY: Well, | guess | would
say one would hope so. But | have less certainty
about that than | do with antiviral drugs. The

reason | think it is is that in general if you are
at a point in your disease in which one feels that
antiviral therapy is indicated with all the caveats

t hat we have heard before, the |onger one can go on
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regi mnens without burning through a bunch of drugs,

the nmore likely you are to have options avail able

|ater. So increasing durability in the overall Ilife
of the patient | would see as a good thing. Now
that is sonething that take a long tinme to

denonstrate with clinical events, which is the good
news today, and wll take |onger and | onger as new
agents conme along. So |I think it is plausible. If
you in fact are seeing nore durable response, you
should also be able to demonstrate an antiviral
effect in people who have a dynam c range in which
you can neasure it.

CHAI RMAN MASUR: Let's see if there are
one or two nore comments. Nancy has al ready put up
issue 2. Maybe we will start with Bob Redfield and
go around from there on issue 2 after we have our
| ast comment there.

DR.  SAAG Well, | just wanted to say
regarding that |ast comment -- nmaybe Bob said it
exactly right. If the trend continues, and that is
a big if -- but if it does, it is not hard to
imagine a year from now -- if safety of stopping
therapy in certain patients is denonstrated and it
becones the standard, then the ability to show that
sonme other intervention can prolong that tinme of

dur abl e suppression off therapy buys nore tine for
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a patient wi t hout exposure to certain drug
toxicities, | think that would be a benefit and |
think that wuld be a role for imune-based
approaches in the future.

CHAI RMVAN MASUR: Wul d that be enough
to get you to vote in favor of an accelerated
approval if that was the endpoint that was shown?

DR. SAAG If it were a significant

di fference. And now you are going to ask me what is

t hat .

CHAI RMAN MASUR: No. | won't pin you
down that nuch. So now we are at issue 2. The
| ast three |ines there, pl ease discuss the

potential wutility of specific tests for specific
types of immune-based therapeutic intervention,
i ncl udi ng approaches to facilitate selection and/or
val i dati on of such neasures. So, Bob, you are in
t he hot seat.

DR. REDFI ELD: Well, | think I would
echo both what diff brought up and what M ke
Lederman brought up earlier today. | think if we
are going to start, and | am obviously an advocate
of looking how to assess the immune function in the
setting of HIV infection, | think initially we need
to do that in the context of functional in vivo

i mmune function. And in that regard, from a
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clinical perspective, | would say that the best way
to do that is to assess the ability of the host to
respond to a novel or a recall antigen in the form
of i mmuni zation. And probably secondarily would be
the ability to recall antigens in the form of a
functional delayed hypersensitivity skin test.
Because again to try to develop these strategies
originally that are thought to have sone clinical
rel evance, and | think that is the real issue here,
| think we are fairly restricted at this point. |
mean, in terms of what functional human immunity
i S. So | wuld be an advocate of trying to
standardi ze and assess the ability to determ ne
whet her the human host is functionally inmmune
conpetent and to try to define that in the context
of their ability to respond to a novel and a recal
antigen. | think that is what Cliff said. I think
that is what M ke Lederman said. They may want to
comment thenselves. But | think that is where |
woul d come off at this point. And then validate
over tinme, and it may be a nobre accelerated way to
assess that, which would then alleviate the
necessity to go through sone type of active
i mruni zati on process with a known or several known
antigens to determ ne functional immunity.

CHAI RMAN MASUR: Al right. Now are
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you referring to trying to assess biologic
pl ausibility or devel oping a reproducible surrogate
t hat predict favorable outcone?

DR. REDFI ELD: Well, in ternms of -- you
mean initially? | think at this point to determ ne
whet her or not whatever the intervention nodifies
the functionality of the human i mmune system So it
would be the biologic plausibility to determ ne
whet her there truly is a clinical nodulation or
clinically potentially relevant nodul ation of the
human i mmune system from unable to respond to an
i mmunogen to being able to respond to an i nmunogen.
Because the issue really is going to cone down to
what Tom asked before in ternms of the antiviral
what is relevant. And | think | want to start there
and say if | am going to start there with what is
relevant, it is going to be
-- you know, anergy is relevant and the |ack of
anergy is relevant. | think there is clinical
precedence for that. The ability to respond to an
i mmunogen and the ability not to respond to an
i mmunogen | think is the way to assess in vivo
function. So | think that is where | would start
and then try to build these other functional assays
that we have heard about and validate in the

cont ext of havi ng denonstrat ed functi onal

SA G CORP.
202/797-2525 Washington, D.C. Fax: 202/797-2525




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

242

rel evance.

CHAl RMVAN MASUR:  Okay. Doug?

DR. FISH Well, certainly | think what
we need is sonething that is sinple and sonething
that we can do in the clinic that is relatively
reproduci bl e and has a reasonable cost. Those woul d
be things that come to mnd in terns of design. |
woul d agree with Dr. Redfield in terms of | ooking
at DTH, because that is sonmething that we have
experience wth and can readily be done and
measur ed.

The other thing that | am intrigued by
is the Iynphocyte ©proliferation assays, and
specifically I am thinking of Dr. Walker and Dr.
Rosenberg's presentations at |IDSA at their assays
whi ch they | think now have what they said was down
to 24 hours. The problemis the length of tinme it
takes to do some of these assays. But a
stinmulation index |looking at H'V specific inmmunity.
A concept like that that if it could be done on a
| arge scale and proves to be valid would have great
utility. It is a long ways from that, but it is a
concept t hat I think from the <clinician's
standpoint is relatively easy to understand in this
conplicated field.

CHAI RMAN  MASUR: Okay. Thank you.
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Davi d?

DR.  PARENTI : | think that obviously
there are lots of problens with standardizati on and
validation of the different assays. W don't have
answers for the in vitro assays which antigens are
best for stinulation, et cetera. | think that Dr.
Redfield's comments about wusing immunization and
DTH as markers for immune response are inportant
ones as well.

I think from the standpoint of sonmeone
who does clinical trials in this area, assays that
we can do in the field that either require |ess
preparation in ternms of separation of cells, et
cetera, are ones that wll be nore feasible --
particularly the Phase II1l clinical trials as you
nove into that stage of devel opnment.

CHAI RMVAN MASUR: Ckay. Thanks. Chip?

DR.  SCHOOLEY: | guess | would try to
divide nmy comments into two different areas. One is
when your immune-based therapy is supposed to
affect a paraneter that we already are using in
part to grant either approval or accelerated
approval, i.e. CD4 cell elevation. So if you have
adopted i mmunot herapy with CD4 cells or a cytokine
that is supposed to raise CD4 levels, it would be

one category. The other would be when you are
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trying to stinmulate some other aspect of immune
response that we don't have any experience with at
al | in ternms of its «clinical i nplications.
Proliferative responses to toxoplasma antigens and
so forth.

I think in terns of the fornmer, in sone
ways what | said earlier about antiviral therapy
hol ds, and that is you have to look at it in the
context of the overall effect of the intervention
realizing t hat t here certainly could be
count er bal ancing effects that could negate or even
make the CD4 cell rise in the context of other
t hi ngs that happened not beneficial or detrinenta
to the host. And | think we are on less firm ground
here in being able to extrapolate than we are in
the inverse situation with viral changes.

The other paraneters -- | think if one
is looking, for exanple, at an agent that would
enhance toxo-specific immunity, | think it is easy
to do Phase 1/11 studies to see if you are doing
that. To decide whether it should be an approved
product, | think you would have to show that you
prevented the occurrence of toxo as opposed to just
mani pul ated inmmunity just like you do with other
vaccines that are available in other settings.

There are a nunber of assays that have al ready been
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assessed in ternms of Type 0O and Type 1 markers in
those settings. Jerry Quinin showed 15 years ago
that CW specific CTL activity in the context of
renal transplantation is a very good predictor of
who is going to get CMW disease post transpl ant.
And those sorts of assays | think give us a very
nice early |l ook at the biological activity of these
interventions, but the clinical in fact still has
to be denpbnstrated once you have, I t hi nk,
denonstrated the biological activity.

CHAI RMVAN  MASUR: So in other words
denonstrating t hat it correl ates doesn't
necessarily mean that if you alter it with sone
ki nd of therapy you will benefit the patient?

DR. SCHOOLEY: | think that is right.
It is a lot like -- in developing sonme of these
products, you want to establish what you think you
are doing and establish a series of mlestones. And
if you don't achieve them -- if you don't affect
CTL activity, for exanple, and that is your prem se
that you are trying to affect, then you shouldn't
proceed until you have a way to do that. Once you
have done that, then you can nove to the next
stage. | think sonetinmes we set these paraneters up
and then when you don't see sonething, you find

something else Ilike, well gee, there 1is an
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elevation in IL-27 and that nust be good for you.
Now we ought to go ahead. So | think that that kind
of fuzzy thinking gets you in trouble as well.

CHAl RMVAN MASUR: Okay. Chris?

MS. LEIN. Can | ask Chip a question?

CHAI RMAN MASUR:  Yes.

MS. LEIN: So do you think that -- you
know, when you were talking about pathogen specific
i mmune based therapies that may alter responses, is
there a space in there where you think accel erated
approval is appropriate?

DR. SCHOOLEY: Yes, | do. | think that
we now are in a series of niches as opposed to a
gl obal sort of comrent, and one of the problems we
have is the event rate wth any specific
opportuni stic pathogen is so |low right now that
you'd be treating many, many, many patients wth
al nost any of these to prevent a specific
infection. So let nme turn it around to you. Which
specific infection would you like to target just
for argunment sake?

MS. LEIN: Say CW.

DR. SCHOOLEY: CWV. Ckay. You know
CW is sonmething that we still see, but it has been
very difficult to even accrue patients to trials --

therapeutic trials of CW. Wuld | approve
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sonmething -- a CW vaccine, for exanple, that
decreased CW anergenem a? Until we establish that
say anergenem a is a predictor of disease, | would
probably want to apply the sane standards to that
t hat I do an antiviral i ntervention i ke
gancycl overe, realizing of course the risk/benefit
ratio may be quite different. But | am not going
to say | can't envision any scenario, but | just
think we have to think very carefully about which
patients we are trying to benefit and how many
peopl e we have to treat to have that benefit given
the rarity of the individual events.

CHAI RMAN MASUR: So, for instance, for
CD4 counts, assunming there were no red flags about
function distribution, you would be nore sanguine
about then anything else that we have discussed
t hi s norning?

DR. SCHOOLEY: I think we know nore
about that. Again, | think | have nore concern
about that than the inverse fromthis norning from
question 1. But | feel nore confortable about that
than | ooking at intercellular cytoplasm staining of
interferon ganma when you expose peripheral bl ood
cells to CW antigen, for exanple. That is just ny
own conservatism here, | guess.

CHAl RMAN MASUR: Okay. Chris?
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DR. MATHEWS: | don't have any comments
about the specific assays, but nore on validation
issues. The first part is that -- well, a coment
was made this nmorning that none of the available
therapies that we have have produced conplete
i mmune reconstitution. From where we are right
now, | don't think that we should -- wunless a
particular therapy has promsed to restore HYV
specific immunity that would ultimtely lead to
eradi cation or long-term control, conplete inmmune
restoration is probably not inportant. | think nost
patients would be satisfied w thout being sick.
And so this relates to what should be the endpoint

for validation of any particul ar marker or assay.

And secondly, | think that the paradigm
for endpoints to validate markers against s
changing, and | am actually not sure what the
endpoi nts should be. I nmean, we have already tal ked

about how it used to be opportunistic events and

nmortality, and in general what we  assuned
previ ously was mortality meant Hl V-rel at ed
nmortality. However, | think now we are faced with

a situation that the rising nortality rates that we
are seeing are increasingly not historical HYV
endpoi nts, and so we should be | ooking nore at al

cause nortality and all cause norbidity. And the --
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| think that that is going to force us to start
| ooking at patterns of response as opposed to what
we have traditionally done, which is |[|ook at
average responses in clinical trials -- the
proportion non-detectable, the percent wth a
particular CD4 rise and so on. | think increasingly
we need to ask questions about what proportion have
a particular pattern of response using nultiple
mar kers and what is the prognostic inplication of a
particular pattern of marker responses involving
both biologic markers and immune-based markers in
terms of subsequent clinical endpoints which are
now | oaded with a whole variety of events, not just
CDC category B or C events.

Wth regard to validation of the newer
mar kers, the i nmune-based markers, | think the sane
rigor has to be used as was used to validate the
virologic markers, except it is going to be nuch
more difficult because you nmay get to the situation
where you have to trade off. In other words, what
proportion of a clinical benefit is attributable to
-- can be explained through an inmmune-based narker
chain versus a biologic marker change, and if there
is nmore toxicity attached to getting a particul ar
magni tude of virologic change, can you trade that

of f by using changes in an imune-based marker to
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get the sane degree of clinical benefit.

So | think that the validation issues
for clinical benefit are really nuch nore conpl ex
than they were when we had only antiviral therapies
with limted toxicity and shorter |ife expectancy

for patients.

CHAI RMVAN MASUR: Well it certainly is
nore conpl ex. I guess that gets back to the
over al | ri sk/ benefit ratio for any of these

interventions. Ranf

DR.  YOGEV. Taking into account the
degree of CD4 and viral load as a marker, | think
we have to admt we don't have a good marker except
for clinical endpoint and we should go back to what
we have been when we started antiretroviral and go
to a clinical endpoint. And as a suggestion, for
exanple, if it is true that 40 or 50 percent of the
popul ation stop therapy and are |ooking for
structured interruption, mybe a Phase |/11 should
be done in this type of population to see if you
add this whatever imune nodel that is tested, does
it make any difference, for exanple, in the timng
of viral load com ng back and the height of wviral
| oad com ng back on the population. And then when
you identify some clinical paraneter working, that

is the one you should continue validating
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obvi ously. What ever they ask for is working. |,
for one, would be a little bit |ess conservative.
If they find out that I1L-27 is there elevated and
they do show the difference, it is a nice marker to
follow But | think we have to go into the
clinical endpoint that we can get faster in a
certain popul ati on bef ore we go to ot her
popul ati ons that are much harder. But | would not
prepare any test today on inmmunologic that would
tell me if it is elevated that is okay.

CHAI RMAN MASUR: We wi sh we had such a
t hi ng. Courtney?

DR. FLETCHER: Just a quick commment

that | think kind of picks up on Chris's on
validation and that is for these tests, | would
certainly 1look for a test t hat wi | best

discrimnate the effects of the drug. So if, for
exanple, you were going to |ook at your therapy
from a no-effect dose to one that produced the
maxi mal effect possible, | would |ook for one that
can discrim nate those responses to that drug.

CHAI RMVAN MASUR: Okay. Good point.
M ke?

DR.  SAAG This nmorning | was at the
meeting of the Acute Infection Research Network and

there was an initial discussion of immunology and
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i mmunol ogi ¢ responses where sonebody who was new to
the field went to the m crophone and apol ogi zed for
being new to the field saying that if his question
sounded naive, he apologized but he hadn't really
kept up with the field that much over tine. And
which Dr. Fauci ran to the mcrophone and said,
"Don't worry, you haven't m ssed nuch."” So | think
the point is that we don't really know that nuch
and | think that makes us obliged to just sort of
keep an open mnd. | think it is all going to have
to be done individually period. There is no way
that we can proscribe an answer to this question

w t hout knowi ng the specifics of what is there.

But | think things will develop over the next three
to five years that will be quite interesting.
CHAI RMAN MASUR: Vel | certainly

question 2 is harder to pin everybody down, but |
guess for good reason. Tonf

DR. FLEM NG | see question 2 as being
particularly critical. It starts off by recogni zing
that what we really want to target here are
bi omarkers that wll be -- that have severa
properties. The first that is listed is sensitivity
to the drug effect. And | go back to | think it was
Chris's earlier coments that with the array of

interventions that we are |ooking at right now in
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i mmune- based therapy, in high Ilikelihood it is
going to be an inmunol ogi c outconme as opposed to a
virologic outcone that wll be nost directly
sensitive. And so we are faced then in all
I'i kel i hood with the challenge of understandi ng how
to proceed when we are |ooking at inmune-based
t herapi es when the nost sensitive nmeasure is going
to be an imunol ogic outcone. And that then | eads
us to, as the question appropriately reflects,
understanding the reliability of the neasurenents
and very critically t he rel evance of t he
measurenments to the pathophysi ol ogy of the disease.
And this is conplicated by the nyriad of different
measures and the nyriad of different tine franes.

I go back to one of the coments in the
open session was recogni zing the urgency here. And
as | see it, the urgency should notivate us toward
a strategy of good science and good science
involves quality clinical trials. And our urgency
then should be to ensure that we are following a
pathway that wll obtain reliable answers in as

efficient and tinely way as possible.

So as | think through this strategy,
the first step -- you have to wal k before you can
run. And as | see the first step is to rely on

basic science and enpiric research to help us
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identify Type O markers or at |east biologic

measures that are likely to be sensitive to
i ntended nechani sns of action of the intervent

but also correlated with clinical endpoints, so

t he

i on

It

is at |east plausible that achieving these effects

will be a good signal that we may well be achi eving

clinically neaningful endpoints. And that should

then lead us and that should be the notivation
t hen assessing the effects on these bionmarkers

Phase | and Il trials. And with those Phase |

to

in

and

Il trials that yield encouraging results, | hope we

woul d aggressively pursue Phase IIl1 trials.
don't know that we have al ways done so. Sone of
have been frustrated, for exanple, in the

vacci ne for prevention arena at the reluctance

us

H VvV

to

nove into Phase IIl trials without a nore high

| evel of certainty from basic science as to what

the effects are on the intended nechani snms

of

action, hunoral and cell nediated i nmune responses.

And in nmy view, we need a bal ance of basic science

and enpiric research to have those best insights,

and that neans we have to be aggressive at poi

to nove into Phase Il trials.

nts

Now here is the tough question. What

are the endpoints in Phase 111 trials? Is it
adequate in those Phase 11l trials to sinply
SA G CORP.
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address effects on these targeted inmmunol ogic
mechani sms  of action? And that IS where
unf ortunately, because the answer yes would give us
a much nmore tinmely answer to the overall process, |
don't see that we have the data at this point to be
able to reliably state that an effect on an
i mmunol ogi ¢ outcone is going to reliably predict an
effect on a clinical endpoint. So |I see that the
Phase IIl trials at this point, if we are targeting
i mmunol ogi ¢ outconmes, nust be designed in ways that
it provides us sone direct evidence on clinical
outcones. And the comment was made early about all
cause nortality and all cause norbidity, and |
woul d second the thought that any clinical endpoint
shoul d incorporate all of those consequences of the
di sease process as well as consequences of the
interventions used to address the disease process.
So that definitely nmeans that those are endpoints
that go beyond sinply an HV infection specific
related outcone. It may be in fact that one of the
best things that we can do is sustain the effects
that we have wth current therapy but reduce
i nport ant nmor bi dities associ at ed W th t hose
therapies. And that reflects the fact that the
outcones here are nore conprehensive.

So essentially in «closing, | would
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argue that -- | would argue for an aggressive
strategy of nmoving prom sing interventions through
Phase | and Il and into Phase 11l trials, but at
this point in tinme that experience in Phase 111
trials needs to provide direct evidence about what
the effects on these inmmunologic outcones s
reliably telling wus about effects on clinical
endpoi nt s.

CHAI RMAN MASUR: | think we have heard
from a nunber of people of the inportance of
| ooki ng at conprehensive benefit and conprehensive
risk. Trip?

DR. GULI CK: Well, thinking about this
from the clinical trials point of view, the
presentations this nmorning the clearest thing |
think that was said repeatedly was the need to
validate clinically these immunologic endpoints.
But | was both inpressed and encouraged by a nunber
of the presentations this norning. The array of
mar kers that people are |ooking at today that we
heard so nuch about. The efforts to standardize
assays across many different |aboratories that have
been going on for the past several years. The
ability to perform some of these imunologic
assays, not just on fresh specinens but actually on

stored cells | think lends itself to take the next
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step, which is to go ahead and validate either
usi ng cohort-based studies |ike John Mellors did
with the viral |load test so |ong ago, or clinical
trials-based efforts. And | think the ACTG and
ot her groups are doing this now. So perhaps one of
the byproducts of a neeting like this is really to
focus the energy on this particular issue. And |
guess | was encouraged by hearing what is going on
in the field.

CHAI RMAN MASUR:  Fred?

DR. VALENTI NE: My thoughts in this are
really based on the clonal organization of the
i mmune systemreally. Because different clones, as
everybody knows, respond to different epitopes and
different antigens and different pathogens, there
has been considerable anxiety, | think, as to how
to evaluate the ability of an immune-based therapy
to just increase globally CD4 cell nunbers. And
clearly we know from the antiretroviral therapy
that anong those CD4 cells that increase in that
context, why certainly there are cells that protect
you from getting O's, because that is how we are
seeing a clinical benefit.

So how then can we ferret out and | ook
other than by the clinical endpoint studies that

Tom points out would be really the convincing way
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to do it but yet are so difficult to do. And there
my be a way that we could at |least begin to
approach this. And there are two things that cone
to mnd. One of them Cliff Lane enphasized or has
been enphasi zing for the past few years, to | ook at
the repertoire itself by perhaps even nolecular
bi ol ogi ¢ techniques to see if you can get the sane
distribution, particularly in the naive cells is
where you would want to see it, of T cell receptors
that you would anticipate seeing in a normal person
of the sane age. Now | can't inplenment this into
what experinments should be done now, but that is a
way of assessing the breadth of clones present as
opposed to just the total nunber of cells. | nmean
using the sports analogy, it is not just the nunber
of players on the field that determ nes the outcone
of the ganme, but rather how well they play and what
they are trained to do and so forth. And | think
the sanme thing applies to CD4 cells.

Now another way is to | ook at responses
to specific pathogens, and Chip alluded to this in
his remarks. There are studies underway, and there
were two posters at the recent retrovirus neeting
or the one this past January, that |[|ook at
| ynphocyte proliferative responses to specific

pat hogen O's -- or antigen-specific opportunistic
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pat hogens. There is substanti al literature to
suggest that the |ynphocyte proliferative response
does correlate with delayed type hypersensitivity
and there is a much longer literature to suggest
that the presence of delayed type hypersensitivity
in fact correlates with sonme |evel of immunol ogic
control against that particul ar pathogen.

The two posters at t he February
retrovirus neeting each described two patients, or
maybe one of them was three patients, in whom an
opportunistic infection occurred at surprisingly
high CD4 cell level, sinply pointing out that there
are occasional, very rare individuals, who do get
an O . In each of those cases when the patients
were examned, they did not 1in fact have a
proliferative response to that particul ar pathogen,
but they did to many, many other pathogens. It was
a little surprising in a sense because you would
guess that sone clones mght be present against
sone epitopes in that pathogen, but it seenmed to be
a pathogen-specific death. Perhaps for some of
these -- three of the patients were CWs and the
ot her one was PCP. That perhaps for sone of these
a given individual may have relatively few clones
t hat do recogni ze an epitope in that pathogen.

There is an ACTG study that sonebody
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else referred to -- Chip, you may renenber al
these nunbers. |1 can't remenber 50-sonething or
ot her. Which in fact is attenpting to evaluate

this by looking at <cells frozen away and then
|l ooking for the rare individual who devel ops
surprising O and seeing if they have this
functional response. But | think clearly the way to
go is |ynmphocyte function. Because the devel opnent
of function that is associated in other context
with protection against the pathogen does not
necessarily appear in everybody at the sane tine
with rising CD4 cells.

And one of t he many functi onal
measurenments of |ynphocyte function, particularly
of menory function, CD4 nenory function that we
were presented this nmorning, mght be a way to
assess the conpl eteness of an increase in CD4 cells
so far as their ability to recognize specific
pat hogens. You still mght well have holes in the
repertoire of the sort that Cliff Lane has been
enphasi zing for the last two years.

CHAI RVAN MASUR: Okay. Thank you for
t hose comments. Brenda?

MS. LEIN: Yes. You know | think when I
|l ook at this page, the first thing | think of is

that the patient population desperately needs a
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val i dated marker of 1immne function to help them
t hensel ves figure out how to guide their therapy
deci sions nore w sely. Sonething nore than CD4 and
viral load is really critically needed for the
patient and clinician comunities. So that may or
may not have something to do with drug di scovery or
wi th i mmune-based therapy devel opnent.

I think that it would certainly help it
al ong. But as Mchael said, even iif CD4 cell
counts were shown to explain IL-2, that wouldn't
necessarily nmake CD4 a validated surrogate marker
for other immune-based therapies. So | don't know
t hat one answer is going to answer everything.

But | agree with Fred intensely that we
need markers of inmmune function and DTH has been
really validated, although Debbie Burkes would say
that in order to incorporate the use of DTH in that
setting, it took thousands and thousands of dollars
of training and she wasn't so sure it was worth it.
But | ooking at sonme of these newer assays, when we
say which assays need to be noved forward,
sonething that would really neasure antigen-
specific responses wth technologies that are
wi dely available like flow cytonetry I think is the
most practical thing in front of us. Sonet hi ng

that is nore wdely accessible that could be
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utilized in <clinics and nulti-center types of
settings. And along those types of lines for what
needs to be | ooked at and devel oped. But | think

that in keeping the bar sim | ar between antivirals,
| keep thinking of the criteria for approval of ddi
and ddc, and say, oh so then we need 10 T cell
counts and no viral |oad data and we can approve
the drug because that is what those drugs were
approved on.

And | know there is nore informtion
avai l abl e today, but | think that the bar that we
are creating for sone of the immune-based therapy
studies are way too high. And while |I agree that we
need to have clinical endpoint data to validate the
approval of the potential immune-based therapies on
the table, I also think that we have to be talking
about an interimcriteria for accel erated approval.

I am thinking about sonme of the
approaches that are on the table and if we see a
CD4 cell increase, if by all neasures that we can
| ook at that these cells |ook functional, at what
point do we give an accelerated approval in
recognition of the urgency of the epidem c and the
need of people and then have reasonable criteria
for long-termfollowup to validate those endpoints

with clinical endpoints. | agree that we need
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clinical endpoints, but | think that we also need
accel erated approval endpoints -- discussions of
what would be acceptable, what constellation of
criteria would be acceptable. And | think that
would really need to include sone unvalidated
i mmune function markers.

CHAI RVAN MASUR: Well, do any --
think that obviously is the crux of the issue is
whet her or not, for instance, CD4 cells would be an
adequate marker for accelerated approval in a
situation where there is biologic plausibility and
no red flags. We have had a little difficulty
comng up with other specific tests. The question
asked were there other specific tests. Do any of
the invited speakers in the front row want to make
a quick comment? M chael, Alan, Larry?

DR. LEDERMAN: You know, | think that
the |likelihood that we are going to have a highly
active imune-based therapy that wll enhance
i mmune functions in a general way is greater in the
near to immediate future than that we will have an
i mmune- based therapy that will specifically target
and enhance HI V-specific i nmune responses.

So if | had to focus ny energy on
sonmething now, | would focus that on giving sone

consideration as to what it is going to take to
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help develop and nake next steps in terns of
devel opi ng these agents. That said, how rmuch i mmune
conpetence is enough is really not clear. And |
think Chris made the point that he is not really
sure how nmuch i mmunol ogi c enhancenent you really
need in order to have a long life. | don't think
any of wus really know. | think clearly even a
little bit of a blip seenms to be enough to get
people through the night in terns of protecting
them from opportunistic infections. But whether or
not you can go on for 15, 20 or 30 years wth
subclinical immune deficiency at this degree isn't
really certain. That said, there are all these
fol ks who don't really rise very nuch and folks in
whom t he prognosis, even in ternms of opportunistic
infection outconmes, as M ke pointed out, is pretty
poor in terms of people who don't get a CD4 rise.
So what | would like to see happen at
the end of this session is that we have sone sort
of sense as to where we can go to help devel op or
at | east decide upon what kinds of studies or what
ki nds of immunol ogic assays are going to be the
most likely ones that will give us sone sense or
sone reflection as to the general overall immune
conpetence of the host. And we have heard a whole

bunch of assays presented, but | think it would be
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really nice to get sonme sort of focus direction and
some suggestions fromthis group.

CHAI RVAN MASUR: One of the -- | guess
one of the difficult problenms is that the FDA needs
to establish some working rules, even if they are
known only to them about how to proceed with these
drugs. And we won't ask them what those rules are,
but | guess this is what we are struggling with. It
is very easy to give generalities. The question is
how do you then come up with specifics that are
reasonabl e. But, Alan, maybe you have an answer to
t hat .

DR. LANDAY: Well, | think in ny |ast
slide this nmorning I kind of sunmarized the in vivo
and in vitro correlates of immune function, which
we have heard a lot about. | would agree that DTH
responses, either through the immunization or skin
test responses both can be used and the in vitro
responses that |ook at an integrated view of the
antigen presenting cells, CD4 and CD8. | think
t hose assays which we do have neasurenents for, we
can integrate them and develop them | think they
can be useful, at least initial paradigns to try to
define nmechanisns of action and nove towards the
question of whether or not these are going to be

eventual correl ates.
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And | would agree with Brenda that we
need to nove quickly to understand if we can inpact
i mmune function. Are these ways of doing it? Are
these going to be effective ways? And then | ook for
the clinical outcome measures. Because | have been
sitting here and struggling with this since |
started working in HV clinical trials for over ten
years and we are still no farther along in
val i dating, as you saw, because | have worked wth
Donna M | dvan and Jon Kagan on that |ist and hel ped
put all those question marks wi th Donna. She called
me and | had said to her, you know | do this in ny
daily life and here is all the question marks that
we still don't have an answer for. So | hope that
the Advisory G oup and the FDA can at |east put
forth perhaps to the industry folks here the
challenge to try to fill in those points wth
things that could help us nmove that field ahead
And | think that would be a val uable contribution
of today's efforts. So |I could come back next tine
w t hout the question marks.

CHAI RMAN MASUR: | think on behalf of
the commttee, | think probably appreciate the fact
that there has been a very useful discussion and
presentations in the norning. Brenda, before we

conclude, do you want to have a final comment?
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MS. LEIN: Yes. You know one of the
t hi ngs that the Agency could do to help facilitate
selection and the validations of markers is really
I think the biggest problems are resources
coordi nation and collaboration, and coll aboration
i ncluding collaboration from industry and perhaps
providing incentive. And | don't just nmean industry
devel opi ng | BTs, but I ndustry devel opi ng
antivirals. To share the sanples so that even the
assays could be run.

And, Bill, 1 know when we were talKking
| ast year, you had talked about npdels that the
industry had worked in the <context of other
diseases in really playing a central role in
hel ping coordinate the validation of certain
surrogates in other diseases and exploring the
possibilities of simlar types of things in the

context of HIV may be extraordinarily hel pful.

CHAI RMVAN  MASUR: Well, | think wth
that, Bill, Karen and Jay, we turn it over to you
to -- either for your final coments or to ask us

for nore clarification, which you may or my not
get.

DR.  SCHW ETERMAN: Let ne just address
the coment that Brenda nade. | agree with you

entirely, Brenda, that this is an inportant
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measure. We did discuss this a year-and-a-half ago.
The Agency is in fact -- it has a unique -- it is
in a unique position oftentines to do the sorts of
things that you've nentioned -- coordinate and
foster collaborations and so forth. And | am not
exactly sure tangibly here now today how we can
effect that. But | wll say that | believe that
this field is on -- is very nuch on the verge of
sonme sort of a central body or sonme sort of a
central organi zati on  of the sort t hat you
descri bed. And perhaps the Agency could participate
in something like that. So we are definitely open-
m nded about that.
| guess, Dr. Masur, if | could just get
to -- are there specific -- along these lines, are
there specific sorts of recommendati ons or gui dance
or thoughts or perspectives on this issue of
col | aboration and coordination and sharing of
information that this commttee has? Perhaps it is
too general a piece of advice to ask the commttee.
But on the other hand, it mght nevertheless be
hel pful to hear what the perspective of this group
is as to how the Agency can advise sponsors or
whet her there is a role for other organizations to
take the lead here. It is a bit unusual to do

this, but on the other hand this is an unusual
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si tuation.

CHAI RVAN MASUR: | am sorry, take the
lead in ternms of proposing criteria for approval or
to propose study of biologic markers?

DR. SCHW ETERMAN: St udi es of biologic
mar kers.

CHAI RVAN MASUR: Well, | open that up
to anyone. | nean, | would assune that there are
many groups that are certainly heavily involved in
that. But, Chip, what --

DR. SCHOOLEY: One of the things that
the ACTG has been doing is developing a |ibrary of
cells and plasma from people in a |ongitudinal
cohort, the so called ALLRT study and that wll be
linked to clinical events that we hope can both
prospectively and retrospectively be used for this
specific sort of analysis where case contro
studies can be put together with |ow frequency
clinical events to let you get to the heart of the
matter quickly. So if soneone cane and said we have
an assay we think m ght be predictive of disease X,
we would like to be able to collaborate to use this
kind of a sanple base to try to explore that
wi t hout having to start out and recruit 6,000
patients and following themfor 7 years.

So | think to the extent that people
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cone to you with diagnostics, certainly feel free
to send them our way and we can tell them at | east
what we have and whether we have things we think
woul d hel p.

CHAl RMAN MASUR: Ot her coments? M ke?

DR. SAAG Yes, | would echo that. Not
only the ACTG but there are a nunber of |arge
cohorts that have been established over the | ast
several years that you could perhaps link with. |

think that is how MACS ended up getting the data on

viral load and | think that was the catalyst to
getting viral |oad appreciated as a nmeaningful
marker. | think the same thing would be true in

this situation. So | think that would be one sort
of common t hene.

CHAI RVAN MASUR: Ot her comrents? Al
right. Well let nme turn this back over then to Bil
and Karen and Jay.

DR. SCHW ETERMAN: | would just like to
thank the commttee and thank the speakers for what
| think has been a nost informative and | believe
producti ve discussion on a conplex issue that isn't
easily addressed in a single day. | have been
frankly inpressed with the degree to which we have
been able to clarify the issues and | believe nmake

nore transparent, if not conpletely clear, sonme of
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we all face. So to

we have done that, | think we have

central objectives. So thank you

ol ogics and

Al'l

right. And we | ook

virologics working

together nore in the future and perhaps we can have

a follow-up on this after
what progress we have nade.

t he audi ence and to our

well as our comm ttee nenbers.

a period of tinme to see
So thanks very nmuch to

guests and consultants as

(Wher eupon, at 4:22 p.m, the neeting

was concl uded.)

202/797-2525

SA G CORP.
Washington, D.C.

Fax: 202/797-2525




