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PROCEEDI NGS

(8:00 a.m)

DR, PURI: If you'll please take your

seats, this wll begin our second day of the
wor kshop.

An announcenent . The conpany who's

making a videotape of the entire program and if
you're interested in getting a copy of the videotape
or on CD-ROM please contact the gentleman in the
back. There is a formyou just fill out, and he'l
be happy to send you a copy. So you could order
your entire programin the videotape.

On behalf of the organizing conmttee,
I'd like to thank all the participants of this
wor kshop who have made this first day a very
productive conference as | heard from many, many
audi ence, and | hope that today also we have a very
full schedule, and it's going to be equally
productive as it was yesterday.

I'd like to encourage our audience to
pl ease freely participate in the panel discussions
in all three sessions which we are going to have
t oday.

Wth that note, I would like to

introduce the noderators for the first session,
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6
Session No. I1Il, this norning, and the noderators
are Dr. Philip Noguchi, who's the Director of the
Regional Cellular and Gene Therapy Center for
Bi ol ogics and Evaluation Research, and the co-
noderator is Dr. Bernard Fox, who's Associate
Prof essor of | munol ogy and the Chief, Laboratory of
Mol ecul ar  Tunor I mmunol ogy, at Earle A Chiles
Research Institute.

Dr. Noguchi .

DR. NOGUCHI : Thanks, Raj.

As Raj was saying, we do have a full
schedule, but | want to just take one or two m nutes
to, first of all, thank Raj directly for putting
t oget her such a wonderful program

Now, today this first session is really
where the rubber hits the road, | think, because
what we have said before, you've |earned about what
FDA does in general. You' ve |earned sonething about
the newer dendritic cell characterization, but when
you start putting it into patients, we cone back to
t he sane basic things.

First of all, what is it that you're
putting in? How can we best understand what you
have there? 1s there anything that can tell us what

when you put that product into the patient, that it
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7
actually is going to have sone activity? W're not
going to be tal king about whether it works or not,
but you don't want to just be putting in a bunch of
dead cells, as an exanple, because we really don't
think that's an appropriate thing to do.

And then, finally, how can we all do
everything that we've done up to now, but do it even
better? Because, after all, for our patients, and
that includes not just us, but certainly all of the
i nvestigators, what you're looking for is really an
effect on the patient that will benefit himor her.

Now, that's a big challenge, but I think
our opening talk by Dr. Plautz today on a very nove
vaccine, which I think you're going to enjoy quite a
bit because it is very well characterized, and it
does have sone nuances to it that are going to be
very inportant in our further discussion.

So if I could have Dr. Plautz, please

DR. PLAUTZ: Thanks.

VWhat |'m going to talk to you today --
if I could have the first slide -- I"mgoing to talk
to you today about our use of autol ogous short-term
cultured tunor cells as antigens for tunor vaccines,
and after all of the wonderful talks we heard

yesterday about dendritic <cells, the different
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preparations of dendritic cells, different ways to
load them with antigens, | feel a little bit Iike
I"'mtrying to sell you a Chevy after you've already
test driven a Porsche.

But | think it's inportant to keep in
m nd that although we understand quite a bit about
how t he i mmune system can eradicate tunors in mce,
there's quite a bit we don't understand about how
the immune system responds to tunors in human
patients, many of whom have had a co-evolution of
their tunor with their i mmune system for a period of
months, if not years. So | think that's an
inportant thing to keep in m nd.

And a field, | think it's inportant for
us to hedge our bets and l|ook at a nunber of
options, treatnent options and collect data on what
is a very conplex biologic process so that we can
eval uate and | earn nore about the system

So what 1'Il try and convince you of
today is that autol ogous short-term cultured tunor
cells are useful and that they can provide us sone
i nteresting dat a.

Now, I"Il just start with our rationale
for using these cells, and the first point is that

aut ol ogous tunor cells contain unique antigens and
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9
potentially are a source of MHC Class | and O ass |
epi t opes.

l'"d like to start with this first point.
It's beconme very clear over the past several years
that cancer is a disease of genetic instability.
Sone of these genetic changes contribute to the
transforned phenotype; sone contribute to the
metastatic potential or potential to recruit blood
vessels; but there's also probably a whole host of
genetic changes that occur that have a very subtle
phenotype and many that that's probably just the tip
of the iceberg. There are probably many other
genetic changes that occur just as a byproduct of
genetic instability, and that these can potentially
give rise to unique proteins that can be recognized
by the i mune system

Now, that's theoretical. There's al so
sonme very hard experinental evidence that carcinogen
i nduced ani mal tunors contain uni que antigens as the
i mmunodom nant epitopes, and actually this was first
descri bed one year before | was even born by Prenin
Mahi n (phonetic), and nor e recently Pri mad
Shi vastaves has shown that the antigens carried by
heat shock proteins also tend to be unique for

different tunors.
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And in our own system using adoptive
transfer T cells, we find that the response that is
generated in tunor draining lynph nodes is
exquisitely specific for the tunor that was used to
synt hesi ze, and not even cross-reactive against
different tunors of the same histologic type
generated in the sanme litter of mce by the sane
car ci nogen.

So | think this is a very inportant
poi nt t hat we should not force, t hat t he
experi nment al evi dence suggests t hat t he
i mmunodom nant antigens are unique to tunors.

The other thing is that autol ogous tunor
cells can serve as a source for Cass | and C ass |
epitopes, and we're very interested in |ooking at
treatnment of brain tunmors, and what we found in our
experinmental nodels is that CD-4 cells are crucial
to this process.

And actually wunder the right culture
conditions, CD-4 cells alone, in the absence of CD 8
cells, can eradicate tunors, and the tunor that we
use is Class Il negative. So | think it's inportant
that we also keep in mnd a source of Cdass Il

epi t opes.
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The second point is that wunlike the
field wth nelanoma, where a nunber of very
i nportant advances have been nmade in identifying and
characterizing tunor antigens, for many tunors the
tissue restricted or shared tunor antigens have just
not been identified and characterized at a nol ecul ar
| evel . So we just don't have these reagents
avai l able for sone types of tunors, and especially
for the gliomas which we're interested in studying.

So that provides a rationale for using
aut ol ogous tunor cells. Now, in ternms of the point
of short-termculture, what we found is that -- and
"Il show you sone slides to denonstrate this in a
mnute -- is that the short-term culture can renove
accessory cells that contam nate the original tunor
digest, and also there's quite a bit of necrotic
debris in the original tunor digest that can be
elimnated by just a sinple process of short term
cul ture.

What 1'd like to do is just run you
t hrough our protocol so that you have an idea of how
we use the tunor cells, the vaccine.

First of all, we obtain tunor sanples
fresh from the pathologist at the tinme of surgery.

These are enzymatically digested to prepare a single
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cell suspension, and we take an aliquot of these
cells; we freeze them and then the remainder are
growmm for a period of two to four weeks, and 1'l]I
describe this step in a little bit nore detail in
just a mnute.

The second step is that the patients are
vacci nated for renal cell carcinoma one nonth after
surgery or for the malignant brain tunors after the
patients have conpleted their radiation therapy.
The culture tunor cells -- we use the dose of 20
mllion -- are irradiated and then m xed with Gw CSF
as an adjuvant. These are injected intradermally on
the upper thigh, and then GMWCSF is injected into
the vaccine site for an additional three days.

I'd like to make one comrent about the
vacci nati on. Prior to wusing GWCSF, we used
autol ogous tunor cells mxed wth BCG and this
caused severe ulceration in sonme of these patients,
especially the brain tunor patients, many of whom
have sone degree of i mmunosuppression.

And in contrast to that, this is very
wel | tolerated. The mxture of GWCSF with the
aut ol ogous tunor cells causes about a two to three

centineter area of erythema and a smaller area of
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very well tolerated.

Now, this is due to the conbination of
GVt CSF and the tunor cells because when we inject
tumor cells alone at a distant site for DTH
response, here's no erythema, and additionally, when
you inject GWCSF, by itself it doesn't cause
eryt hema.

So it's really this mxture that causes
this | ocal reaction

Now, this also causes a reaction in
draining |lynph nodes, and we see hypertrophy of
drai ni ng | ynph nodes that occurs over the subsequent
week. So nine days after the vaccination, we renove
t he vaccine sites.

And just one little caveat here. W're
usi ng vaccination as one step in a chain of events,
and for our purposes vaccination is given as a
single injection, and it is used solely for the
purpose to sensitize T cells and draining |ynph
nodes.

So the requirenents and the optinm
conditions for this type of vaccination may or may

not differ from successful strategies for
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vacci nation for active i mmunotherapy. So I'd just
like you to keep that in m nd.

Once we obtained the |ynph node T cells,
they're dissociated into a single cell suspension
and then activated with staph. aureus enterotoxin A,
which is a very powerful mtogen for human T cells,
for two days and then cultured in serum free nedia
containing IL-2 for an additional five to seven
days.

And with the proper culture conditions,
we can in nbst cases get greater than 30-fold
expansion of the T cell nunbers, and in sone cases
close to 100-fold expansion over this short period
of tine.

The patients are conditioned wth
cycl ophospham de one day prior to receiving their T
cell infusion, and this is done as an out-patient
procedure. The patients do not receive conconitant
| L- 2. This is based on our preclinical data in
mouse intracranial tunors where we found actually
IL-2 was detrinental to the trafficking and efficacy
of the T cells. So we just used the T cell infusion
al one.

So you can see now how vaccination fits

in as a single step in this chain of events.
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Now, to concentrate a little bit nore
since this is about tunor vaccines, about the exact
met hod that we used to prepare the tunor sanples, we
obt ai ned fresh sanples. They're transported under
sterile conditions to a dedicated tissue culture
facility, and then necrotic debris and blood clots
are renoved, and the tunor tissue is m nced.

And this is a very inportant point,
especially for the malignant glioms we worked wth.
One of the pathologic hallmarks of gliobl ast
homomul tiform (phonetic) is that there's necrosis
and vascul ar proliferation.

So these tunor sanples tend to be very
bl oody, and there's quite a bit of necrosis and
debris, and you'll see that in sonme of the slides
comng up in a mnute.

And then a single cell suspension is
prepared by digestion with a mxture of these
enzynes, coll agenase, hyal uroni dase, and DNAase, and
then the cells are filtered and washed tw ce.

Now, this washing step gets rid of sone
of the soluble debris that's present in the culture,
but quite a bit of necrotic debris does pellet with

the cell s.
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Some of these cells are frozen away
imedi ately after the tunor digests, but the
majority are cultured. They' re added to fibronectin
coated flasks, and then cultured in this mxture of
DMEM ex vivo, 15, which is a serumfree nedia, and
then five percent AB serum

The glioma cul tures are al so
supplemented with this G5 which contains sone
seleniumtransferrin and hydrocortisone and a little
addi tional hydrocortisone, and then we're able to
fairly reliably in about 80 percent plus of the
cases establish short-termcultures of tunor cells.

And just to address the issue of whether
there's long-termselection of different phenotypes,
what we do is just use short-term cultured cells.
So presumably there's not been a lot of selection
that occurs during this short period of tine.

Prior to vaccination, again, the cells
are given a single dose of radiation imrediately
prior to their use. So that's how we prepare the
cells.

And what I'd like to do is just show you
sonme exanples of short-termcultured cells, and many
of you in the audience have probably worked wth

renal cell carcinona. So this is a patient with
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renal cell carcinoma, just to give you kind of a
perspective that you're famliar with, and this is
the original single cell digest.

And what you can see is there are
adherent cells here that have flattened out in this
fibronectin coated flask, but there's also sone
debris in here, and there's sonme red cell
contam nati on

Now, two days later we just rinse off
the | oosely adherent and nonadherent cells, and what
you're left with is a lawn of cells, and in here
many of the cells are flatted out, but there are
still quite a few that are very |oosely attached to
the fibronectin coated plate.

These are probably dead cells that are
just stuck onto the plate. After one passage
t hough, what you see is that many of these cells now
have flattened out, and so it's a nuch cleaner
preparation.

And this is just another exanple of a
renal cell carcinoma sanple where you can see in the
original digest there's in this sanple quite a bit
of red cell contamnation and not so nany dead

cells, but then quickly the cells establish a
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nmonol ayer flattened out, and it gets rid of a | ot of
the necrotic debris.

Now, this really becane nmuch nore of an
i ssue when we started working with glioma sanples
because what you can see here is in the origina
single cell digest, you can't even see the cells
that are attached to the plate. There's quite a bit
of red cell contam nation. There's also a thick

film of necrotic debris that just rests on top of

the cells.

Now, a lot of this can be rinsed away,
but a lot of the residual cells are still probably
dead in this original mxture. After passing the

cells, you end up with a nuch healthier 1|ooking
cul ture.

Here's another exanple showing pretty
much the same thing, where there's quite a bit of
debris in the original digest. It cleans up, but in
this case many cells are probably deal, and when we
| ook at Trypan blue exclusion in the original tunor
digest, in many cases greater than 50 percent, sone
cases greater than 70 percent of the cells,
especially for these glioma tunor digest, are Trypan

bl ue positive.
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So we don't really care to immunize
patients with a m xture of nostly dead materi al

The ot her consideration for brain tunors
is one way to induce EAE in animal nodels is to just
smash up a spinal cord and inject all of the nyelin.
So by cleaning out all of this debris, presunmably
we're getting rid of a lot of things that could
potentially be autoantigens and detrinental even.

So this is what the culture, again,
| ooks |ike after one passage, and just to give you
anot her exanple, a simlar type of phenonenon.
These cells tend to pile up in many cases and form
foci, and then just another exanple, and in this
case a lot of the initial cells are dead, are fairly
scattered live cells, but they quickly formcol onies
and quickly proliferate.

So one thing | think that's maybe
evident from sone of the cultures you' ve seen, this
just looks at four different cultured glioma |ines,
and then on the next slide, four additional glionma
tumor lines, and | think you have an appreciation
her e. There is quite a bit of variation in the
nmor phol ogy of these cul tures.

And we spent a lot of tinme |ooking at

these cells under the mcroscope, and when we were
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establishing the conditions for growi ng these cells,
we were really inpressed with the variation in the
nmor phol ogy, and kind of at a subconscious |evel for
us, it kind of remnds us that there's probably
quite a bit of heterogeneity in antigens in these
different tunmor cultures as well as the variations
i n the norphol ogy.

So since this is a workshop, what I
thought I would do is just touch on a couple of the

points that | think are inportant.

First of all, what would be necessary
qualities of an autologous tunor cell vaccine?
Well, of course, we want sterility in ternms of gram

fungal in cultures, endotoxin negative.

Another thing that | think is quite
inportant is that we have intact cell nenbranes. In
animal nodels it's quite clear that if you break the
cell nmenbrane and inject that and try and use that
to generate vaccine draining |ynph nodes, that it
doesn't work very well.

So it's inportant really to have Trypan
bl ue excluding cells, viable, healthy cells in the
vacci nation m xture, and when we harvest these cells
fromtissue culture flasks, routinely they' re 85, 90

percent-plus Trypan blue excluding cells. So they
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seemto be in a bit healthier state conpared to the
original tunor digest.

The third point that's inportant is that
they should have an inability to form tunor, and we
use irradiation to prevent these cells from grow ng.

W followed many of these patients out
now past a year after their vaccination, and we've
seen no evidence that there's any tunor growh at
the vaccination site. So whether the irradiation
kills every last single cell or whether just the
injection site intradermally is a poor substrate for
t hese tunors to grow

W have not seen any problenms wth
tunors due to the vaccination procedure, and then
of course, the certificate of analysis for all of
the reagents used in the tissue culture.

Now, these are necessary qualities.
When | was thinking about what would be ideal, in an
ideal world what would be desired properties of an
aut ol ogous tunor vaccine, it would be very nice if
we could have sonme way to docunent the tunor
phenotype of cells that we grow out in short-term
cul ture.

Now, this is, | say, in an ideal world

because practically speaking, as you' ve seen, |
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think, from the slides |'ve showed you, we can't
really use norphology as the criteria because the
nor phol ogy is highly variable. Sone types of tunors
contain cell surface markers which are convenient to
use.

We've tried | ooking at GFAP in our brain
tunor nodel s. That's not routinely expressed.
W' ve | ooked at tol enerase (phonetic). W see it in
many  cases, but , agai n, it's not uni formy
expressed.

So this is a bit of a conundrum for us
because in nmany tunors there doesn't seem to be a
uniformy expressed marker that's easily tested at
the tine that you give the vaccine.

Anot her approach would be genomc,
genotypic characterization and identity wth the
original tunor specinen. Many tunors contain
genetic abnornmalities and perhaps through a use of
conparative genomc hybridization or spectral
karyotypi ng, sone of these newer genetic approaches,
it would be possible to docunent that the tunor
cells that are used for the vaccine are identical to
the tunor cells that are renoved fromthe patient.

The technology here, | don't know if

it's developed to a point where it can be routinely

SAG 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

23
used in an easy manner by a nunber of |aboratories.
So | think this is something that may have to wait
until the technology develops and is a little bit
nore accessi bl e.

And this last point, again, is a bit of
a conundrum for us because, of course, you'd like to
have sonme type of functional test that what you're
injecting into the patient is inmunogenic. The
problem is that these are unique vaccines for each
patient, and when we test these patients before
they're treated, we really don't see any T cel
I Mrune response. So how can you test sonething
that's nonexi stent before you adm nister t he
vacci ne?

We have plenty of post hoc evidence that
the cells we get from the |lynph node respond to
aut ol ogous tunor by production of gamma interferon
and ot her types of neasures, but again, prior to the
procedure vaccination, it's very difficult to do a
functional test on each individual patient.

So these are sonme things that, you know,
in an ideal world it would be nice to have, but
we're sort of limted in our ability to satisfy al

of those potential requirenents.
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So in conclusion, what 1'd like to say
is that short-term cultures of autologous tunor
cells can be established for nost patients, and
we've been nore than 80 percent successful in
patients wth nmalignant glionmas and renal cel
car ci nona.

This is a big advantage. The cultured
tunor cells are free of debris, and they're also
free of accessory cells. | didn't show in the
slide, but we've tested sone of them tunor digest,
and for renal cell carcinoma, many tines there's
greater than ten percent CD 14 positive cells in the
original tunor digest. There's a nunber of CD 31
positive endothelial cells in the original tunor
di gest, and when we test the cultured cells, these
di sappear.

So it helps to get rid of these
accessory cells, and this can be done during short-
termcul ture.

And then the procedure of vaccination
with irradiated culture tunor cells is associated
with mniml toxicity. We've treated close to 60
patients now, and really there's mninmal toxicity at

t he vaccine site.
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And what we observe is that there
hypertrophy of vaccine draining |ynph nodes, and
we've tested -- we haven't tested every patient, but
when we've tested, we see that there is reactivity
agai nst autologous tunor from T cells in these
drai ning |ynph nodes. So that's one immunol ogic
measure that there is sone response.

And then we've also, in our Phase |
trials, seen sonme clinical responses in patients.
So, again, this is a harder piece of evidence that
patients treated with ex vivo activated |ynph node
T cells, that these «culture tunor cells are
sufficient inmunogen.

So I'd stop there and thank you.

(Appl ause.)

DR. FOX: Thank you, G eg.

I'd like to now call on Dr. Ernie
Yankee, who will give our next presentation. Ernie
Yankee is the Executive VP of AVAX, and before that
he was at Upjohn, and he has responsibility for al
of the R&D and regul atory affairs at AVAX

DR, YANKEE: Dr. Noguchi, Dr. Fox, on
behal f of AVAX Technologies, | want to thank Dr.
Puri and the other nenbers of the organizing

commttee for the opportunity to present.
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Thi s meeting is very tinely and

especially inportant not only because of the |arge

nunbers of novel technology product INDs currently

at the FDA, but also the |arge nunber of conpanies
devel opi ng novel technol ogy products.

Especially this neeting is inportant

because of the many thousands of patients who need

new t her api es.

Successf ul devel opnent requires the
productive cooperation between science, industry,
and the regulatory authorities. However, as

evidenced by this workshop, novel technol ogies
chal | enge the existing regul atory framework.

| want to first discuss where the
existing regulatory framework can accommodate
characterization of our novel technology product,
but the bulk of ny talk will be spent discussing the
chal | enges that novel technol ogy products |ike ours
face in dealing with the historic framework, and of
course, I'm going to provide a proposal on how we
think we can deal with one of those chall enges.

Next slide, please.

W view that in the area of energing
technol ogies, we view FDA's role to be not only the

traditional insuring safety and efficacy and
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preventing fraud, but equally inportantly, assuring
regul atory flexibility.

This provides a bit of a challenge to
the agency because they need to balance regulatory
flexibility wwth also providing clear and consi stent
gui dance.

Thi s neet i ng al so provi des t he
opportunity to aid in devel opnent of policy to avoid
podi um policy and provide a |level playing field for

all of us who are trying to develop these novel

pr oduct s.

Next, please. Back, please.

Probably nost of you know about these
guidelines, but I want to just review very briefly

the agency's criteria for premarket review for
cel l ul ar based products.

There are four key conponents of this:
nmore than mnimum mani pul ati on; conbination with a
non-ti ssue conponent; used for a nonhonol ogous
function or used nostly for netabolic function.

The first two are probably nost rel evant
to ny talk today, and we view the second one as a
conbi nation with nontissue conponent, although not

explicit in the guidelines, as enconpassing the
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conbi ned therapeutic admnistration wth adjuvants
in other agents, in our case today BCG

Next, pl ease.

These are sone exanpl es of t he
distinction made between mnimal rmanipulation and
nore than mnimal manipulation. On the latter, nore
than mnimal manipulation for our purposes is nost
inportant with regard to change in biological
characteristics of the product, and |'ve given sone
exanpl es of where this would be in the latter case.

Next, pl ease.

Qur product is a Hapten-nodified tunor
vacci ne. It's autologous, and it's intended for
patient centered therapy.

There is cell mani pulation wth a
pot enti al change in Dbiological characteristics
through the Haptenization procedure and through
irradiation.

It is conbined wth a noncellular
conponent, namnel vy, Hapt en nodi fi cation and
adm nistration with an adjuvant, BCG

Next .

There are a nunber of chal | enges
inherent in the nature of our product. The shel f

life provides a limted w ndow for product release
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testing. Because it's an autol ogous system for the
purposes of lot release it's an n of one.

The imune response which we want from
our product requires in vivo induction. The
correlation with any in vitro assays is obviously a
very serious chall enge.

Finally, sterility can be a challenge if
the vaccine is manufactured from a Ilikely non-
sterile tunor source.

Next, pl ease.

Qur experience leads us to believe that
central manufacturing is far superior to multiple
site manufacturing because  of a nunber of
advant ages. Centralized manufacturing provides
decreased variability both in manufacturing and in
val i dati on, and it m nimzes the need for
denonstrating bioequival ence for products prepared
at different sites.

Next .

In neeting the challenges of t he
regulatory framework wth this novel technol ogy
product, we have gone a considerable ways. W
foll ow good tissue practices, for exanple, including

patient screening for comuni cabl e di seases.
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W have 1in process reagent solvent
removal wth validation or established finished
product specification, and we've established the
nonproliferation of the tunor cells.

Next, pl ease.

We've also denonstrated the efficiency
that Hapteni zation with appropriate process controls
or finished product characterization. W have
measures of cell wviability and norphology both in
process and finished product specification. W have
an endotoxin assay, and we test each lot, and we
don't do a general safety test.

Next, pl ease.

Sterility is tested on every l|lot and
results, of course, are reported after
adm ni strati on because of the shelf Ilife. This is
an example of where the agency has been very
flexible in trying to help work with an area |ike
t his.

W have identity assay which we are
using, which is a conbination of neasurenent of
expression of nelanoma cell antigens, as well as
anti - Hapt en anti body neasurenent.

Next, pl ease.
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As you've seen, products such as ours
can neet the existing regulatory framewrk for
characteri zation. Nevert hel ess, chall enges remain,
the largest of which is the potency assay.

Product specific potency assays are
required for | ot rel ease according to the
regul ations, and the regul ati ons defi ne what potency
means, which |'ve indicated here.

| want to just point your attention to
the part that we have italicized from this:
appropriate |aboratory tests, adequately controlled
clinical data.

Next, pl ease.

Dr . Noguchi in a 1996 publication
reviewed this area and indicated that potency as a
measure of clinical usefulness was added over 50
years ago to the Public Health Service Act. The
inplications for patient centered therapy are that
the extent of characterization should be consistent
with focus on potential clinical utility.

Next, pl ease.

|"ve listed here the attributes that are
comon wth the potency assays, that 1is, for
traditional small nolecules and biologics used to

characterize the product to nonitor consistency, to
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assure stability. Results are available prior to
rel ease. Close relationship to the putative
physi ol ogi c- pharmacol ogic activity of the product,
ability to elicit a dose response, and the ability
to validate the assay.

Potency may also be neasured then in
ani mal nodel and/or functional assay performed in
vitro or in vivo.

Next, pl ease.

There are two key conceptual chall enges
for a product like ours in dealing with a potency
assay. First, an animal nodel is not an intuitive
option, and nore to the point, it's sinply not
avai |l abl e.

Secondly, and nore to the point for what
we're going to be presenting later this norning, can
the ability of an autol ogous product to induce an
antitunor imrune response in vivo be neasured in
vitro?

W've spent a great deal of tinme
t hi nki ng about these problens, and we've invested a
fair amount of research trying to address them and
| want to summarize in the next two slides sort of
where we are wth what we have found in our
t hi nki ng.
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Next, pl ease.

Pot ency assays can be sort of
arbitrarily differentiated between preadm ni stration
and  post adm ni stration assays. Prior to
adm nistration assays, for exanple, could be an
allogeneic T cell stinmulation neasuring as an
endpoi nt ei t her cyt oki ne rel ease or cel l
proliferation.

Clearly this has a big advant age because
it can be conducted prior to lot release of the
product . However, there are very serious
[imtations to this.

The nechanistic relationship to the
activity of the product; it's very difficult to
validate for an autol ogous product. Hapt en
nmodi fi cati on has been shown to decrease the response
of an allogeneic assay with these endpoints, and the
question of whether this is related to clinical
efficacy is a very big question.

Finally, we get to the point of what is
the value added in even trying to conduct such
assays.

Next, pl ease.

Post adm ni stration assays, two exanpl es

are an autologous T cell stinulation after a round
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of inmmunization, taking cells from the patient.
This was published in 1995 with this vaccine.

The other one is a neasurenent of a DTH
response, again, after a round of imunization with
the vaccine, neasuring DTH response to each of
nodi fi ed and unnodi fied tunors cells.

The advantages to both of these are
there's a close nechanistic relationship to the
activity of the product, and there may be potenti al

for predicting or correlating at least with clinical

utility.

There are serious |imtations, again,
her e. I nherently these are post release, post
adm ni stration assays. In particular, DITH assay is

hi ghly susceptible to false positives and, by the
way, false negatives.

And finally, the assessnent of DTH
reaction is highly operator and techni que dependent,
and what | don't have up here is all of these assays
put a great burden on the patient.

Next, pl ease.

W want to propose what we think m ght
be a reasonable alternative to these, that is, that
the potency assay should be identity assay plus,

that is, the identity assay which |I've described to
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you before for this product, plus, the plus neaning
in conjunction with cell viability.

This would insure relevant pot ency
measure prior to admnistration, and it would

correlate. Utimately one would correlate this with

critical measure obtained in the Phase |1l studies.
There are precedents for this.
Tradi tional vacci nes, for exanpl e, Vari vax,

quantitate live virus via the plaque assay. Q her
products such as Carticel, where cell count and
viability are used as the potency assay for rel ease
pur poses.

Finally, | want to summarize where we
are.

Next, pl ease.

The vaccine that we are developing is a
novel autol ogous therapy. As such, the regul atory
framework to address this needs to be not only
scientifically rigorous, but both flexible and
creative.

ldentity plus, as we have proposed,
nmeets the potency assay requirenents of the
regul ations. There are appropriate |aboratory
tests, and there wll be adequate clinical data, and

it's also consistent with precedence.
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Thank you.

(Appl ause.)

DR. FOX: Thanks, Ernie. That's great.

Okay. Qur next speaker is Dr. Jim Mile.
Jimis the Maude Tul ane Professor of Surgery at the
University of Mchigan, and he's been very actively
i nvol ved in adoptive inmmunotherapy strategies over
the |l ast 20 years.

Jim

DR. MJLE: Thanks, Bernie.

I'd like to begin by thanking the
organi zers for the neeting for the invitation to
share with you today sonme of our npbst recent
information on wusing tunor |ysates as a way of
pul sing dendritic cells to serve as an inmunogen
both preclinically as well as in sone recently
initiated Phase |I clinical trials.

If I could have the first slide, please.

Ckay. The hypothesis for this work is
the fact that a potent DC, as you' ve heard yesterday
and early today, as antigen presenting cells may
uncover in cancer patients very low |level activity
or T cell reactivity to poor or noninmmunogenic
tunors that are virtually undetectable by other

met hodol ogi es.
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Now, why wuse tunor |ysates? Agai n
yesterday you heard the possibility of using fusion
of whole tunor cells by Don Kufe, as well as the
possibility of using apoptotic tunor cells as a way
of presenting antigens via dendritic cells.

And whether or not |ysates are as
efficient as peptides or these other nethods is
sonething that | think we really need to pay
considerable attention to and design appropriate
preclinical studies conparing the different ways of
mani pul ating dendritic cells with these different
sources of tunor antigen.

But for the purpose of the talk today,
I'"'m going to share with you the reasons why |
believe |ysates have certain advantages, and of
course, if soneone were to give a talk with defined
peptides, |I'm sure that the advantages would be
clear in those cases, as well.

But neverthel ess, from our perspective
using tunor |ysates allows a greater potential for
augnenting a broader T cell response, given the fact
that presumably tunors express nmultiple tunor
associ ated antigens on the cell surface.

By doing this, the possibility is to
| essen the potential for tunor escape from inmune
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recognition. | think sone of the recent peptide
studies clear that imunity can escape, can be
overcone by antigen nodul ation on tunor cells.

A greater potential to trigger T cell
reactivity to tunor rejection antigens, obviously to
date there's been a nunber of peptides nolecularly
cl oned, particularly in mel anonsg, and nor e
information it's now becomng clear from the
clinical trials that give us an indication of
whet her or not any of those peptides are defined as
classic tunor rejection antigens.

And then lastly, the fact that |ysates
may allow you -- and you'll see from sonme of our
work in the nouse -- allow one to generate a greater
potential for presentation of both helper and CITL
defi ned epitopes.

Now, from a practical standpoint, the
use of lysates allow the foll ow ng advantages. One
is that one can use crude |lysates, and it becones an
i ssue of how one defines these tunor |ysates, which
we can talk a bit nore during the panel discussion
per haps.

But neverthel ess, it allows wus to

circunvent the need for viable fresh tunor cells
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since we use crude |lysates of freeze-thawed three
cycles and use that to pul se dendritic cells.

Qoviously it avoids the necessity of
nol ecul ar characterization of tunor antigens. That
beconmes a critical issue when one recognizes the
limtations to date in trying to identify tunor
pepti des associ ated on histologically distinct human
tunors that are distinct from nelanoma, as an
exanpl e.

And then lastly, it's becomng nore
clear that CD-4 responses are playing a significant
role in the antitunor response generated, and that
one very nmuch needs to take into account the
necessity for help in any of these vaccine
strat egi es.

We showed years ago in this nouse node
that one could readily take a sarcoma 207 and post
the lysate onto dendritic cells and in vitro bring
out a specific proliferative CD-4 response and in a
crisscross experinent in parallel using a variety of
different tunors, such as a colon cancer or the
Lewws lung cancer, essentially one could show
exquisite specificity of the proliferative response
of CD-4 cells when one uses crude |ysates post onto

DC.
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W then noved on to using bone marrow
derived dendritic cells for the remaining nurine
studies that I'll discuss. This shows the classic
slides of dendritic cells generated in GW CSF plus
| L-4 using whole bone marrow from m ce.

And clearly these cells, as you' ve heard
yest er day from Ral ph St ei nman and Jacques
Banchereau, are very potent in their ability to
stinmulate primary aloe responses. This is one
exanple in which Metrizam de separated dendritic
cells from the marrow could trigger very powerful
MR conpared to the pellet from the Metrizam de
gradient, and in every indication that we have in
t hese assays, the proliferative potential induced by
dendritic cells surpasses manyfold what one can
achieve with the opti num anount of CON A (phonetic)
stimulating those T cells in culture.

This just shows a battery of antibodies
that one can use to show we have dendritic cells.
They're high class 286, 80, 40 CD 11C, but do not
express B-220, and this is the pellet from that
gr adi ent .

W showed in a paper that was published
sonme nonths ago that in vitro one could educate CTL

by taking naive spleen T <cells, incubating or
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stinmulating those T <cells wth Ilysate pulsed
dendritic cells in the presence of |ow dose IL-2
plus IL-7, and one can show specific induction of
CTL by using |ysates against the 207 tunor, but not
an irrelevant sarcoma 102.

W then showed that this response was
Class | restricted by using the appropriate
hapl otype specific Class | antibodies. W could
essentially elimnate that CTL activity.

And also, the CTL could generate in a
specific way when triggered in vitro by the
appropriate |ysate post DC GWCSF production
conpared to controls.

So we were, in fact, able to generate in
vitro specifically reactive T cells by using a
| ysate. Now, obviously one needs to showin in vivo
nodel s that what we have wll inpact to sone degree
on tunor, and what we then did was to nove on to in
Vi vo experinents

Here is one exanple within a syngeneic
MI-901 breast tumor in which we immunized mce with
| ysate pul sed DC and then rechal | enged those ani nmal s
wth large amounts of friable tunor cells. Al |
animals were protected as one would expect conpared

to the control groups.
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We then went on to show, using an early
establ i shed nodel of pulnonary netastases. In this
case, these data are with an MCA-207 sarcoma, but
we' ve al so done this with the mammary tunor as well,
that the use of tunor pulse |ysate DCs adm ni stered
subcut aneously to mce that had three-day mcro
nmetastatic disease in the lung could substantially
reduce the nunmber of netastases.

This shows the nunber in the |ungs
versus the treatnent groups, and nore inportantly,
we showed that if one were to deplete the animals
selective at CD-4 cells or CD-8 cells, that that
inpacted significantly on the ability of this
i mmuni zati on procedure to cause regression of these
m cro metastatic nodul es.

So clearly the effect was nediated by T
cells. It was nedi ated predomi nantly by CD-8 cells
and CD-4 played a participatory role as well.

We've noved on to a Phase | clinical
trial based on those preclinical animl studies, and
we're in the mdst of the Phase | trial. Thi s
cartoon shows the approach.

W take fresh tunor, prepare a lysate
ahead of tine. It's characterized by sterility and

so forth, and then the patients are |eukophoresed
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for four hours and dendritic cells are generated in
the standard way from nonocytes using GwWCSF plus
| L-4.

W pulsed the I|ysates overnight, and
then the patient receives interdermal injections of
this pulsed dendritic cell over time, and we then
nmoni tor the peripheral blood for response.

This gives a little bit nore specifics
about the trial. |It's a dose escalation Phase |I in
whi ch half the nunber of dendritic cells are pul sed
wth KLH Half are pulsed with the tunor |ysate.
They're m xed and injected. The |owest dose is one
mllion cells.

W're nowin the mdst of the ten to the
seventh dose of this escalation, and were approved
in a separate cohort of six patients once we reached
the highest dose level to evaluate the capacity of

tunor pulsed DC to sensitize draining of |ynph node

T cells.

As | said, in the patients we're now
very early in the analysis, but ['ll show sone
prelimnary data. W have used LDA |ooking at

proliferative T cells, and if one does pre versus
post PBMC | ooking for a response to tetanus in these

patients, as you woul d expect, there's no difference
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pre versus post in the frequency of T cells in the
peri phery of these patients.

However, after immunization with KLH
we're now able to show in all patients that the ten
to the seventh dose so far with this LDA assay, a
skewing or biasing or the frequency is shown here,
whi ch in nost cases represent a frequency simlar to
what the patient is showng with tetanus toxoid.

And we skin test the patient one nonth
after the last inmunization. Before we skin test,
we take a two-hour |eukophoresis for the imune
assays.

This shows the patient that was skin
tested post immunization at one mcrogram ten
m crogranms, and 100 mcrograns of KLH, conparing
that DTH response wth tetanus toxoid in this
patient.

In a patient, the first patient at the
ten to the seventh dose, we've seen a partial
response of nelanoma in this periodic (phonetic)
| ynph node. W've now gone on to retreat this
patient wwth a second cycle of inmmunizations at the
ten to the seventh dose.

The patient has now received the second

i muni zati on of the second cycle.
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Now, we're also interested in where we
go once the Phase | is conpleted. So what |'m going
to share with you now are sone new data that will be
appearing in the PNAS in the next nonth or so in
whi ch we, based on the fact of the data that were
shown to you that T cells play an inportant role in
the antitunor effect nediated by |ysate pulsed DC
i muni zations, it was clear to us that IL-2 may be a
cyt oki ne of value in augnenting the T cell response.

So what we did was to use |L-2 doses in
t he nouse that were 25 to 50-fold bel ow the MID, and
if one extrapolates to humans considering the MID in
patients, this dose, perhaps wth a nunber of
caveats, would represent doses that one would call T
cell reconstituting doses based on the studies of
Cal ogary (phonetic), for instance, in HV and Al ex
Pfeffer (phoneti c) W th patients under goi ng
pul monary transpl ant.

But what you see here are treatnent of
pul monary netastases that were established at three
days versus those in which immunizations are
delivered at day seven. One grossly visible tunor
is seen on the surface of the |ungs.

In this case, tunor |ysate pulsed DC

al one have a small effect. However, as we published
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earlier, on three-day mcro netastatic disease, the
effect is quite considerable.

However, 1L-2 at |ow dose adm nistered
in a three-day cycle after each immunization gives
you a significant antitunor effect over that
achieved by tunor pulsed DC alone, which is nore
significantly seen when one goes to a nore
establ i shed tunor nodel.

It was interesting to us that aninmals
that were actually cured of disease at seven days --
we followed these aninmals out for at |east 100 days
-- if we took spleen cells from those animals at
about two weeks after tunmor -- we believe tunor was
cleared from the lungs of those animals, we were
able to show in vitro that those T cells could
selectively secrete gama interferon in this
particular experiment on the level of 250 units,
with low |l evel of activity against the controls.

G ven that information, we went to a B-
16 nel anoma nodel, and this tunmor is a subline of B-
16 nel anoma denoted D-5, which has very |ow |evel
Class | expression, no evidence of Cass Il
expression, and other antibodies are used here.

But as was published by WMnson Seay

(phonetic) at Harvard and a nunber of other
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investigators, CD-44 is a marker for netastatic
pot enti al of these cells. These are highly
aggressive, highly netastatic. This is a highly
nmetastatic subline of the B-16 tunor, and again,
it"'s lowin Cass I.

Wen we incubate in culture, not
surprisingly this line with 200 to 300 units of
gamma interferon, we can up regulate Cass |, and
again, those are the levels that we've detected in T
cells in vitro that are incubated with |ysate pul sed
DCs to trigger those <cells to produce gama
interferon in animals that are treated with |ysates
plus IL-2.

W can treat B-16 D5 in a three-day
nodel . W're now noving on to nore established
nmodel s by conbining tunor pulsed |ysates, tunor
| ysates pulsed to DC, conmbining that with IL-2, and
here is an experinent in which IL-2 alone has very
little effect; lysate plus IL-2, no effect. The
controls, the other controls are shown.

Lysate plus IL-2 at three i mrmnizations
wll inpact to sone extent. It's not great, but you
can see here a significant antitunor effect when one
conbines the lysate pulsed DC with |low dose IL-2

adm ni stration.

SAG 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

48

So we're now in the mdst of submtting
to the IRB a clinical protocol which will allow us
to conbine IL-2 with DC based i mmuni zati ons.

I'd like to finish by telling you
anot her strategy that we're involved with and have
| RB approval to go ahead with, and that is to
conbi ne DC i nmuni zations in the Pul nonary Transpl ant
Center.

We have a dedicated facility in our 16-
bed «clinical research center at M chi gan, a
dedicated facility that allows wus to perform
| eukophoreses. W also have a dedicated set-up for
CD-34 stemcell isolations. This is the Baxter 300l
separati on devi ce.

We've conpleted a nunber of studies in
the transplant wunit of giving -- successfully
reconstituting patients with selected CD34 cells
off the colum, and given that information, you' ve
heard from Jacques Banchereau, as well as Ralph
Stei nman, yesterday the potential of generating
dendritic cells from CD 34 cells.

All the data I've provided so far were
wi th the nonocyte derived dendritic cells, and we're
now pursuing conpari sons between negative fractions

off the CD-34 colum, conparing the activity of
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dendritic cells generated by this negative fraction
conpared to the highly purified fraction off the
clinical colum, and these will be done by in vitro
assays.

Anot her inportant aspect of this work is
that from a single |eukophoresis collect or pool
col l ects, depending on the nunber of cells that are
needed for the transplant, one can obtain both a
negative fraction to generate |large nunbers of
dendritic cells for immnization post transplant, as
wel | as having grafting dose of purified or highly
enriched CD-34 cells for the transplant.

And this shows a trial that we've
started not wth tunor |ysate pulsed dendritic
cells, but using KLH as a marked anti gen pul sed onto
dendritic cells in which we're immnizing non-
Hodgkin's |ynphoma patients, internediate grade,
with dendritic cells pulsed wth KLH, starting at
| ymphocyte counts of 500 post transplant, and
conparing that to patients being inmmunized with KLH
alone, and that will be an imunologic pilot study
to determ ne whether or not we can bias or educate
t he devel opi ng response early on post transplant.

So I'lIl stop here and thank ny many

col |l aborators within the Departnent of Surgery, the
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bone marrow transplant group within the Departnent
of Internal Medi ci ne, Paul Watkins who's the
Director of our GC-RC and Sandy Hoffman in the Bl ood
Bank.

Thank you for your attention.

(Appl ause.)

DR NOGUCHI : Now, vyesterday Dr. Zoon
said that when she started at the FDA tunor vacci nes
had been around for a while. Well, |'ve been at the
FDA maybe ten years |onger, and that statenment was
true for me as well.

And perhaps even |onger than that, Dr.
Morton is really one of the pioneers in this whole
field, and we're very pleased to have him here today
because | think Don has been able to not only
initiate and start this very exciting field, but has
been able to nmve and to evolve wth new
t echnol ogi es.

So Dr. Morton.

DR. MORTON: Thank you, Phil.

You know the definition of "pioneer" is
sonebody who's lost in the w | derness.

(Laughter.)

DR, MORTON: But it is really very

exciting for me to be here and to see 500 people at
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a nmeeting on tunor vaccines. Even a decade ago when
you got up to talk at the nedical oncol ogy neetings,
why, all of a sudden everybody would go to the
exhibits, and --

(Laughter.)

DR MORTON: -- and it's just amazing.

| really want to tell you that | know
this is an inportant field today because if you go
through the attendance list and see all of the
attorneys in the audi ence, you know that --

(Laughter.)

DR MORTON. -- tunor vaccines have
arrived.

Now, this is, | have to say, very
nostalgic for nme because in this very building 30
years ago, we began our first experinents wth
aut ol ogous vaccines, and it's been a long, |ong
time, but we're very excited that the FDA and the
NCI have put this conference together. Dr. Raj
Puri, thank you for inviting ne.

So I'd like to just review sone of the
conceptual. These studies that go back to the '60s
we asked the question: in asyngeneic ani mal nodel s,

first in mce and then guinea pigs, what's the nost
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efficient way to inmmunize against the already
i npl anted and grow ng tunor?

And we | ooked at a nunmber of things, but
we found irradiated tunor cells mxed wth
m crobacterial adjuvants were the nost effective
i mmunogen, and these had to be living tunor cells.
Dead cells or cell lysates or purified antigens in
this nodel didn't work.

So we went , after failing wth
aut ol ogous vaccines, we asked ourselves: wel |,
could we use allogeneic vaccines grown in tissue
cul ture?

And from '71 to '84, we tested three
di fferent conbinations of randomy sel ected nel anona
cells based upon their ability to grow in culture
mxed with BCG and we saw no clinical responses,
and when given in the adjuvant setting, no overal
survival effect.

And we were really about ready to give
up this approach when one of our postdocs. working
in Dr. Rako Erie's lab found that the patients that
formed | gM antibodi es exhibited prol onged survival
and the problem was only one-third of the inmunized
patients devel oped such a response, but those that

did had a 90 percent five-year survival
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So for the T cell chauvinists in the
room | want to say but before T cells there were
anti bodi es, and --

(Laughter.)

DR MORTON: -- and to say that tunor
antigens were discovered with T cells is not quite
correct. In fact, the work in our |aboratory by Dr.
Rako Erie suggests that both T cells and anti bodies
can recognize the sanme antigen, in fact, the sane
decapeptide. And so let's not ignore antibodies.

Now, after these failures, we said,
well, we've got to go back and reengineer our
vaccine, but by this tine we had identified in our
| aboratory six antigens that were i munogenic in man
and induced an immune response, an anti body
response.

And so we went back and selected from
our 150 nelanoma cell lines three that had high
concentrations of these six antigens, which then
were pool ed, cyropreserved, irradiated, go through
quality assurance and quality control, and then we
used as a vacci ne.

This vaccine has nultiple antigens. Al
of the ganglioside antigens, the nyelinogenesis

antigens, and a whole host of protein antigens, and
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we've shown that we nmake antibody responses, in
fact, to all of these antigens.

Now, the inportance of a polyvalent
vaccine is shown by this experinent of nature that
Bob Goode used to talk about. This is a patient
wth no netastasis in which | did a groin
di ssection, and here you see a clone of nelanocytic
cells.

Here you see an anelanotic clone in a
different |ynph node, and here in the same |ynph
node you see nel anotic, anelanotic, and a gray. You
can see phenotypically the heterogeneity that exists
in all cancer, and therefore, we have to have a
i nduction of a polyval ent response.

So because it's nore difficult for tunor
cells to nodulate or delete nmultiple antigens
si mul t aneously, even though they are genetically
unstabl e, and the induction of cytotoxic antibody is
very inportant because it's not susceptible to HLA
nmodul ati on by which to escape the CTL

Now, in | ooking at the regul atory aspect
of this, the fact is the cancer vaccines have no
direct cytotoxic effect on tunor cells. It is not
like a drug. So you give the vaccine to a patient.

They haven't had the effective therapy until they
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i nduce an immune response to antigens shared by the
vacci ne and tunor target cells.

And this 1is sone exanples of our
vaccine. This is antibodies to MAGE-1 that Dr. Dave
Hoon's | aboratory -- and here you can see two out of
the three patients respond.

The purpose of this is to enphasize that
there's heterogeneity not only in the tunor, but in
t he out bred human popul ation that you're inmuni zing.
So one patient will respond to an antigen; another
one wll not.

And here's another response, an |gM
antibody to TA-90, which is a very inportant antigen
i S cancer.

Now, of course, it's necessary to induce
reactivity with the allogeneic vaccine that cross-
reacts with the autologous tunmor, and this 1is
| ymphocytes co-cultivated with tumor cells and a
m xed tunor-I|ynphocyte reaction at baseline versus
16 weeks | ater.

As you can see, we get stimulation. |t
varies from patient to patient, but we get enhanced
t hym di ne i ncor poration stimulation W th t he

aut ol ogous tunor.
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Dave Byrd has enphasized he |ynphocytic
infiltrate into tunors. Metastatic tunors typically
don't have T cell infiltrates. Here you can see a
pati ent with a pulnonary nodule that after
vacci nation stood stable for 12 nonths, and finally
| got tired of watching it and took it out, and this
is what it |ooked |ike.

You can see you hardly see tunor cells
there with the T cell infiltrate

W also in fortunately few patients
i nduce nelanoma associ ated hypopignmentation, that
this occurred about two nonths after the patient was
i mmuni zed.

So to understand how vacci nes work, the
i mmune response adduced nust be studied. The
vaccines can only work in individuals who nount an
I Nrune response. Knowl edge of what constitutes an
effective antitunor inmune response then will guide
sel ection of QC assays.

And this is the devel opnent plan that we
devel oped for our vaccine, Cancer VAX, which we
abbreviate in the slide C VAX

First, we test it in Phase I-Il trials
| ooking for clinical activity. W think that the

rule that you have to show sone evidence that the
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tunor goes away is a good one, and then once --
because we're not really just here to induce immune
responses. W're here to induce inmune responses
t hat wor k.

And then we determne which of these
i mmuune responses to which antigens correlate with
the clinical activity and develop | ot rel ease assays
based on these antigens, produce |ots of vaccine

based on these |ot release assays, and then test

these in Phase Il trials for their consistency in
inducing imune response to inportant t unor
anti gens.

And only after we had done that that we

saw it was tinme to begin Phase IIl trial.

Wel |, does this vaccine work? In people
wth in transit nelanoma -- and this was a
specifically selected nodel. As Dr. Keegan said

yesterday, the problem is it's asking a lot to
expect a vaccine, the host immune response, to take
care of a pound of tunor, but people with in transit
di sease, you can detect small anmounts of tunor, and
in 54 patients we've immunized, we got 13 conplete
regr essi ons. Four of those are still in conplete
regression 22 to 105 nonths later. There's been no

relapse in the CR sites.
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Now, peopl e say, wel |, mel anonma
spont aneously regressed. Vell, 1 can tell you I
have treated over 8,000 nelanoma patients in ny
career, and |'ve seen two spontaneous regressions.
So the incidence is very, very rare.

The other thing we have done is | ooked
at giving this a post surgical adjuvant, the other
nodel that Dr. Keegan nentioned, and we have highly
significant prolongation.

Now, in addition to the heterogeneity in
the patients and their ability to respond and the
heterogeneity in the tunors in ternms of their
expression of antigens, we have the heterogeneity in
the tunor burden in the patient.

And if we look at the |evel of
nmetastatic disease, whether it's low or high, and
the |l evel of antitunor immune response, whether it's
low or high, you can see that if you have a high
| evel of netastatic disease and a |ow imune
response, you don't do well. If you have a |ow
level of netastatic disease and high antitunor
i mmune response, you do very well.

So there's this other factor that's

going on that has to be taken into consideration.
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Now, here's a patient with nmultiple in
transit disease, the failure of radiation therapy
and surgery. These are hypotherm a burns. Four
months later lesions begin to fade, and four years
later this patient is still in conplete rem ssion
al nost nine years now.

We see responses occasional ly in
vi sceral netastasis. As you know, it takes a
certain size tunor to be detected. This is a two
and a half centineter liver netastasis. This is
five nonths later. This patient is still in
conpl ete rem ssion al nost five years.

Now, going to Stage |V disease, in our
institution there's been absolutely no progress in
the treatnment of Stage IV nelanoma over the |ast 25
years. As you see, the nedian survival has stayed
t he sane.

However, in those patients that one can
resect a distant netastasis, we do have, in fact, a
medi an survival of 17 nonths and a 15 percent five-
year survival

But in 150 patients that we resected
their distant netastasis and then gave them this
vacci ne, we have a 39 percent nedian and 42 percent

five-year survival. I  was shocked when our
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statisticians analyzed the data because, you know,
as you're taking care of these patients on a daily
basis, you renenber your failures nore than your

successes, but this is extraordinary.

Now, our statistician said, "Wll, vyou
are selecting the patients. You know which one's
going to do well. So, therefore, you select those."

So they did a matched pair analysis
where they took the inportant prognostic factors for
Stage |V nelanoma and then nmatched them with the
vacci ne patients by gender, site of netastasis, and
nunber of involved organ sites, and again, the data,
medi an survival 36 nonths, five-year survival 40
percent, and the control.

So it's very clear that there was no
selection going on here, as best we can tell,
W thout proving this in a random zed trial.

Now, we asked the question: what are
the immune responses in this population that are
inportant for a clinical effectiveness? And we have
| ooked at 77 of these patients and then to correlate
the specific imune response in patients receiving
t hi s vacci ne.

The antibody we're neasuring is TA-90

as shown here, glycoprotein. It's present in 72
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percent or nore of nelanomas. |t's autoi mmunogenic,
and we get 1gG and I gM anti body responses to it.

Now, in order to say that the imune
response to a particular tunmor is specific, you need
to have a control antigen, and since we imrmunize
with BCG as part of an adjuvant, we have the BCG as
the control adjuvant, and we then neasure anti bodies
to PPD as a control and DITH to PPD as well as to the
vacci ne.

Vel |, the correlations are really
remarkable. |If you have both an I gM response and a
DTH response, in these people with resected Stage |V
mel anoma, 76 percent nedian, 75 percent five-year
survi val

| f you have one or the other, 32 nonths,
36 percent, and if you have no response, 19 nonths
eight percent, this is really equivalent to the
group of patients that had no vaccine, just surgical
treat ment al one.

And by nultivariate analysis, the PPD
response, either antibody or DITH, has no correl ation
with clinical course, but the specific antibody
response both by univariate and nultivariate
analysis is when all of the prognostic factors taken

care of is very significant.
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Now, we have also |ooked at other
anti gens. Gw 2, and again, we see those that nmake
high |l evels of antibody to GW2 do better than those
that don't.

W meke antibodies to GD-3, the sane
t hi ng. Both of the gangliosides, as well as GD 2,
seens to be inportant.

So goi ng back on our devel opnent plan,
we have gotten to this point, and then we need to
develop |ot rel ease assays based upon this
i nformation.

So theoretically the quality control
tests assure |ot consistency, should reflect those
characteristics whi ch correl ate W th t he
effectiveness of that particular vaccine, and what
those tests are are going to be different for
di fferent vacci nes dependi ng upon their nature.

Now, for our vaccine, we know anti body
responses to Ta-90, to the ganglioside antigens. W
have shown the skin test responses. W' ve shown
that MLTR correlates with DTH, and we've shown the
induction of cytotoxic T cells to allogeneic
hapl ot ype matched and autol ogous tunors correlate

with clinical course.
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So we then have selected the follow ng
for quality control. Viability, and these are the
publications that describe the studies which | don't
have tine to go into.

HLA expression, we have a haplotype
match so that our nelanoma, viable nelanoma cells
can direct antigen present to 95 percent of the
Caucasi an popul ation, and then we have to depend on
indirect antigen presentation by host APCs in about
five percent of patients.

Anti gen expression, TA-90, DC 100, GD 2,
GD-3 and G2 were all |ooked at. W have devel oped
in vitro potency assay based upon cytokine rel ease
and the identity of the cell lines by DNA type.

This shows the ganglioside profile GO 2
and GD-3 of the three cell lines and of the fina
m xture of the three, and this is done so that the
percentage of each of these antigens the final via
shoul d equal the individual cell |ines.

And with GP-100 we have the three cell
lines and then the m xtures. Notice that one of the
cells does not carry GP-100.

The in vitro potency assay, it shows a
dose response to GWCSF, and if we kill the cells by

heat at |ow tenperatures, they're still intact, but
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they don't stinulate in this assay, and confirmng
the wviability of our particular vaccine is an
i nportant aspect.

The FDA has been ruthless in insisting
we had to have a quantitative antigen assay, and Dr.
Gupta's | aboratory finally devel oped this assay for
TA-90. It shows different lots of vaccine, the
values obtained by three different technicians on
all of these lots, and the nean, and we really have,
| think -- are there with a quantitative antigen
assay.

So allogeneic vaccine to be effective
must induce response to tunor antigen in a high
percentage of patients, and the ability to induce
the response nust be consistent over tinme and anong
di fferent vaccine |ots.

And does our vaccine do it? Yes. Phase
Il trials denonstrate consistent in vivo activity to
these criteria and the survival correlates with the
i mune response function.

This 1is the skin test response to
different lots of vaccine in tw-week intervals, and
as you can see, every lot of vaccine induces a good
skin test response and a good | gM anti body response.

When you see variations, |ow responses, they're
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usually small nunbers of patients, and it gets at
the problem of the heterogeneity in the imune
response.

And this is a prospective study, testing
this, but we see the sane thing as we see in the
retrospective studies, that is, those that make both
anti body and DITH do better than those that make
either, and notice that only six out of sone 70
patients did not mnmeke either, and wth Stage I1]I
di sease we see the sane thing.

So the vaccine then has been through
these steps that we thought were inportant to Phase

I-11 trials, that conplete regression of netastasis

seen, prol onged survival as a post surgical
adj uvant . In Stage |1l and IV nelanonma, we've
conpared to matched controls. We retrogressed

prospectively, conpared the antibody responses to
specific antigens and the cellular inmune responses
in regard to clinical course.

W developed QC and QA lot release
assays based upon «clinically relevant product
characteristics. We've produced a vaccine based
upon these assays.

The test of vaccine in Phase Il trials

for their ability to induce consistent inmmune
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response to clinically relevant antigens and have
evaluated in prospective trials the relationship
between the specific immune response and clinica
results.

And then finally, an issue began this
year, Phase 11l trials of the vaccine as a post
surgi cal adjuvant, and here you can see Stage |11
mel anoma stratification factors random zed to BCG
pl us G VAX versus BCG plus a pl acebo.

Now, this trial began as an equival ence
trial in which we had interferon over here, but with
the recent data on interferon we thought that it was
no | onger a good equivalence trial. So we swtched
it to an efficacy trial.

For Stage |V nelanoma, we resected just
the netastasis, random zed on the nunber of |esions,
and the sane parallel format.

In closing, | would |ike to acknow edge
the team of collaborators at the John Wayne, Dr.
Ri chab Gupta, Dr. Dave Hoon, Dr. CGuy Ganmon, and
those many others that have worked on this project
over many years.

Thank you very nuch.

(Appl ause.)

SAG 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

67

DR, NOGUCHI : W're just a little bit
ahead of time here, but | still would like you to
try to get back at about 9:40 so that we'll try to
keep on schedul e.

Today and yesterday's speakers, at the
back of the screen, we have sone refreshnents, and
everyone el se, at the sane place as yesterday.

Let's be back at 9:40.

(Whereupon, the foregoing matter went

off the record at 9;23 a.m and went

back on the record at 9:43 a.m)

DR, NOGUCHI : Now, when we're talking
about autol ogous and al | ogenei ¢ tunor vacci nes, nost
of the time we're talking about actually using
tunors thensel ves or the putative antigens for them

There are other parts of the body though
that do react to that, and next talk before our
panel discussion is going to be on autologous or
al l ogeneic tunor derived heat shock protein-peptide
conpl exes.

Now, this is sonething I know a little
about because one of our scientists work on
Josophel a (phonetic) where heat shock protein is a

maj or constituent, but | think it's going to be very

SAG 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

68
interesting to see how this fits into the whole
t unor vacci ne paradi gm

And to present this today wll be Dr.
Ri chard Young from MT.

Dr. Young.

DR. YOUNG Thank you, Dr. Noguchi, and
t hank you, Dr. Puri, for the opportunity to conme and
present this work to you.

Dr. Morton just rem nded us of sonme of
the lessons of history, and it remnded ne of a
lecture at MT by a fanmous physicist |ast week who
was nmuch less polite in rem nding us of a historical
| esson. He said, "Many of you are too young to know
this and the rest of you are too old to renenber.™

(Laughter.)

DR YOUNG What I'm going to do is to
talk about something that is a bit nore of a
reducti oni st consequence. It's a consequence of a
reductioni st approach to what you' ve seen so far
wi t h aut ol ogous cel |l vacci nes.

I'm in fact, going to talk about a
highly defined heat shock protein reconbinant
appr oach. This work focuses on -- |I'm going to go
t hrough several topics. First, 1'm going to

describe sonme of the history that led to realize
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t hat heat shock proteins have a specific utility for
i mmunot herapy. I'll tell you a little bit about the
design of these heat shock protein fusions. "1
descri be sonme preclinical evidence for efficacy, and
then I'll end by describing the manufacture of
clinical grade material where the identity, purity,
and reproducibility in the manufacturing process is
quite critical.

The history of this actually begins in
the early '80s when Douglas Young and | realized
that the immune system in humans and in aninal
nmodel s during nycobacterial infection was focusing
on alimted set of antigens, and when we identified
these antigens, it turned out that they were
cl assical heat shock proteins.

Now, quite a bit was known about heat
shock proteins at this point, and we began to think
it was possible that, in fact, not just in
mycobacteria, but in mny other bacterial, fungal
and parasitic infections that one would find that
the i mmune system focuses nmuch of its attention on
t hese specific antigens.

In bacteria, the two nmmjor heat shock
proteins are HSP-70 and HSP-60 or 65, and those two

proteins can account for up to 20 percent of the
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total protein mass in bacteria that have been
stressed by infection.

So there are abundant antigens that are
seen as anong the immunodom nant targets of both
antibody and T cell responses. In fact, in
mycobacterial infections in mce where it's been
quantitated and appears to be simlar in humans,
about 20 percent of the entire CD-4 T cell response
that is focused on nycobacterial antigens is devoted
to HSP-60 and HSP-70.

So they're imunodom nant antigens, and
it's energed that these proteins are in a class of
proteins called nol ecul ar chaperons, and the job of
nmol ecul ar chaperons is, in fact, to facilitate the
folding of proteins and to facilitate their
unfolding an elimnation fromcells.

Moreover, we know a whole |ot about
t hese proteins. Not only do we know their
sequences, but we know their crystal structure, and
this is an exanple of just a piece of bacterial HSP-
70. It's a substrate binding domain, the Cterm nal
hal f of HSP-70.

So these are very highly characterized
proteins. W know and understand themin many cases

down to the three Angstrom | evel
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Wy heat shock pr ot ei ns for
i mmunot herapy? Well, what | hope to show you is
that, in fact, they're powerful imunostinmulants.

They can be used in an adjuvant independent fashion.
Their action in all of the experinents I'm going to
describe to you is occurring in the absence of any
adjuvant. They elicit powerful hunoral and cell ul ar
responses, and |I'm going to show vyou sone
preclinical efficacy in tunor nodels.

We use fusion cassettes. W use either
mycobacteri um tuberculosis or mycobacterium bovus
BCG HSP-70 and HSP-60. These, whether their origin
is in tuberculosis or in bovus BCG the sequences
are identi cal

And what we do is nake these proteins as
r econbi nant protein fusion so their coval ent
i nkages -- these are single protein nolecules then
that will have attached to them a protein conponent
of either an infectious pathogen or in several cases
|'"'m going to talk about antigens potentially usefu
for cancer i nmmunot herapy.

The cassette approach allows us to make
reconbi nant fusion proteins single nolecules that
are easy to characteri ze. W have two choices in

t hese cassettes. W can either make a reconbi nant
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HSP- 65 or reconbi nant HSP-70 fusion. W can choose
any tunor associated antigen for which we have a DNA
sequence.

It's a hybri d pr ot ei n. It's
adm nistered, as | nentioned before, in an adjuvant
free, saline formulation, and it elicits tunor
antigen specific cytotoxic C |ynphocytes.

The first nodel system | want to
describe to you enpl oyed an HSP-70 ova fusion. This
is a fragnent of ova that represents inmmunoacids 161
through 276. 1In that fragnent there is a very well
st udi ed SI | NFEKL epi t ope for H2B, and we
col | aborated wth Herman Eisen to study the ability
of this fusion nolecule to elicit CTLs and protect
agai nst B-16 nel anonas.

The protocol we've used is to immnize
mce, C57 black mce, on day zero with a boost at
day 14; to neasure CILs at day 24; and to chall enge
animal s on day 24 and score tunor grow h.

Here's an exanple of the data we've
obt ai ned. Were we take splenocytes from animals
i muni zed with either the ova HSP-70 fusion, a
control fusion protein containing HV P-24 fused to
the sanme fragnent of ova, or that fragnment of ova

produced and admnistered on its own, and we've
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examned two kinds of targets, either T2-K of B
cells that have been pulsed with the SIINFEKL
peptide or the same T2-K of B cells pulsed with an
irrel evant peptide.

And what you can see is only in the case
where we have splenocytes from animals that were
i mmuni zed with the HSP-70 ova fusion do we, in fact,
get significant cytolysis of this clone.

The response is quite avid. This is a
peptide titration where we've used a cytotoxic T
cell clone specific for SIINFEKL, and if conpared
the titration in this cytolysis experinment exhibited
by where we have a range of peptide concentrations
used to load the target clone, and we've conpared
the ability of the CIL clone to lyse these targets
relative to splenocytes fromeither the control ova
al bumn inmunized mce or mce immunized wth the
ova HSP-70 fusion.

And remarkably, the half maximal |ysis
that you see across this titration is the sanme for
this very avid CTL clone as it is for the splenocyte
popul ation in these aninals.

These are CD-8 CILs that are exhibiting
this behavior. This is one of the experinents that

denonstrates that. |[|If we take both splenocytes and
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stratify them according to whether they're CD 4
depl eted, CD-8 depl eted, or if we take the CD 8
enriched population, it's the CD 8 population that
appears to be responsible for these inmunol ogical
behavi ors.

Now, when we've taken B-16 nelanom
cells that have been derivatized, a cell line called
MO 15 that's very well characterized that expresses
ova al bunen and we've asked what is the effect of
taking mce that have been imunized at day 24,
challenge them with approximately ten to the five
tumor cells, what we've seen is that in control mce
or in mce imunized with ova al bunen al one, that
there's very poor survival

Were, in contrast, animals that have
been i munized with the reconbi nant HSP ova protein
and saline, in fact, show reasonable survival, and
we followed these animals out there now for nore
than ten nonths, and they've exhibited this |evel of
survi val

So we see protection by HSP-70 ova. W
obtain ova specific cytotoxic T cells, their Cass |
restricted CD-8 cells. They recognize the specific
epitope that is typically recognized by C 57 black

mce when one immunizes with ova albumn and an
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adjuvant, and |'ve shown you preclinical evidence
that we can obtain prophylaxis against an ova
mel anoma chal | enge.

And we published this work |ast year.
Now, what was striking to us is that the literature
tells us that, in fact, if you take soluble ova
al bum n, you cannot elicit ova specific CILs even up
t hrough a range of one mlligram of ova al bum n.

If, in fact, you derivatize this in sone
way to namke it a particulate, you can, in fact,
elicit CILs, but we have a conpletely soluble
antigen we're | ooking at.

So that suggests to us that sonething
unusual is occurring that is a consequence of the
HSP-70 protein being there. It turns out it is not
a consequence of its presence per se, that is,
m xtures of HSP-70 and ova albumn wll not do it.
It has to be a fusion.

And so we've cone to wonder at the
mechani sm by which this occurs, the classic version
of antigen presentation pathways are just sunmarized
up here in which exogenous soluble antigen is
typically endocytosed, brought into a | ysosone where

it's degraded. It's associated with Cdass Il and
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presented on the surface of cells in the context of
Class Il antigens.

In contrast, the antigens that end up
going through the Cass | antigen presentation
pat hway have typically been described as endogenous
antigens, and the ability of these HSP-70 ova
fusions to elicit as a soluble antigen a Cass |
restricted T cell response suggests to us that
either there's sone violation of this standard
pat hway and/or that the HSP-70 fusions are driving
the antigen toward dendritic cells, which you heard
yesterday have a capacity to present antigen
obtained fromoutside cells via Cass | pathway.

Now, | want to turn to some work that's
been done primarily at Stresgen Biotechnologies in
col | aboration with us on an HSP-65 HPV E-7 nol ecul e.
The HPV is, as you know, the nost prevalent viral
sexually transmtted disease. It infects 30 to 50
percent of the sexually active population. The
virus can be detected in greater than 90 percent of
cervical carcinona. HPV-16 is thought to be the
nost prevalent etiologic agent, and it's detected,
as you know, by Pap snear.

The HPV associ ated cervical cancer, CIN

/11, is found annually in 300,000 to 1.5 mllion
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individuals, CIN IIl in 65, 000. I nvasi ve cancer
affects 14,000 or nore individuals, and that |eads
to alnost 5,000 deaths per annum all in the United
St at es al one.

Now, we thought what we'd do is to nake

a fusion with the E-7 antigen. That's because the

E-7 antigen is essential for transformation. It's
expressed continuously as far as we can tell in
infected cells. It's a true tunor specific antigen.

It's not always clear that tunor associate antigens
are, in fact, tunor specific.

It's well known to be a CTL target in
humans and an abundant A-2 containing popul ation,
such as you see in North Anerica. It's relevant
that there are A-2 epitopes in the C7 antigen.

So the fusion protein that we've nade
here is a fusion with HSP-65 from BCG It contains
the entire heat shock protein fused to the entire
HPV E-7 protein.

So it's a single nolecule. It can be
purified then as a single reconbi nant protein.

The nodel we're using is a nodel for

cervi cal car ci noma devel oped in T. C WI' s

| abor at ory. It's called the TC 1 nodel. It's

devel oped here at Johns Hopki ns. It's devel oped by
SA G CORP.
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co-transformng cells wth HPV-16 E-7, E-6, and
Har vey- RAS.

And i mmunot herapy has been previously
denonstrated wth vaccine E-7 | ab constructs.

The experinental protocol to exam ne
tumor regression and rechallenge was to take G 57
black mce, to inplant that TC-1 tunor on day zero.
About ten to the five cells were used in this
i npl antation, and on day seven we adm ni stered about
100 mcrograns of the reconbinant fusion protein
wth a boost at day 20 of a simlar anount,
i nocul ated to the scruff of the neck.

Turmor incidence is scored throughout.
The subset of the animals that did not show tunors
have been rechallenged on day 45, and we've
continued to score tunor incidence.

And the data that we've obtained is
shown on this slide. VWhat we're scoring here is
percent tunor incidence in various groups. There's
been about nine mce per group, and what you can see
is that aninmals that did not receive the fusion
protein but rather received the saline control; in
fact, ultimtely obtained a tunor load that led to

100 percent incidence.
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Whereas animals that, in fact, received
the inoculation by day 35 were largely free of
t unor s. If we take the animals that are, in fact,
conpletely free of tunors and rechall enge them now
Wi th a super tunorigenic dose, about five tinmes ten
to the five TC-1 cells, what we find is that for a
transient period there is sonme tunor incidence, and
those animals then recover and exhibit essentially
no tunor | oad.

Wereas control aninmals that have been
inoculated with saline and added to this part of the
protocol in order to insure that, in fact, the tunor
cells are still quite active and show that that
control, in fact, works.

W wanted to know if instead of a boost,
i nstead of a vaccination and a challenge we could do
a single dose therapy, and so, in fact, this
experinment was designed to do that where about ten
to the five cells are inplanted on day zero. W do
a single treatnent on day seven with the HSP-7
i mmunot her apeutic, and then we score tunor grow h.

And the results are shown on this slide.
What you're looking at is the percent tunor
incidence in these animals and the days after

injection of the TC-1 tunor cells, and what you see
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is that in the control aninals where they' ve been
infjected with saline, there's a very high tunor
incidence. |If we've injected another control, which
is the E-7 nolecule alone, there's a very simlar
very high tunor incidence.

Wereas if we have used the HSP-7 fusion
protein for this therapy, then in fact, we can
elimnate tunors fromthese ani mals

So I've shown you that we can elicit
protection in a therapeutic node with these TC1
cells and this nodel of cervical carcinoma. W can
get subsequent protection froma rechallenge with a
hi gh dose of tunor cells.

|'ve also shown you that we can use a
single dose treatnent at a distal site. W see now
| ong-term survival. These animals have survived for
great than ten nonths, and we have Phase | trials

with this reagent planned for the first quarter of

next year.

| want to turn now to discuss just
briefly the production of clinical material. e
produce this material in E. coli. It's a standard
E. coli culture. The HSP E-7 is in cells. It's

rel ease on lysis. The crude HSP E-7 is obtained by

removing cell debris. That bulk product is purified
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from t he crude | ysate by mul ti - col umed
chr omat ogr aphy processes, and ultimately t he
purified bulk product is diluted in the fornulation
buffer and filled into vials.

These are the specifications that we
follow for any of the product. The bul k products
release, if it nmeets standards relating to identity,
which is a peptide map |'mgoing to describe in just
a nonent; the strength, which is the concentration
of material; and the purity as neasured by SDS- PAGE

It's also tested for sone specific
inmpurities including endotoxin, the bioburden, and
DNA cont am nati on. O her characteristics of the
product are also net, the appearance and pH and
osnolarity, and in conbination we think these tests
tell us what it is, how pure it is, and by follow ng
the manufacturing SOP, we think we know how to do it
agai n.

This is the peptide map that we can
reproduci bly obtain fromthe product, the HSP-65 E-7
protein product. It's produced by a proteolytic
lysis of the product, and this HPLC profile is then
assayed by nmass. spec., and the mass. spec. gives us
atomc resolution. W can identify each individua

pepti de. W can even identify peptides that are
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partial digestion products, and in this way get a
very high level of identity.

We can al so exam ne the product by SDS-
PAGE. Here you see two different preparations.
This is under reducing conditions. The product by
our analysis by scanning is at |east 95 percent
pur e.

And 1've told you that we have a well
controll ed manuf act uri ng pr ocess. W have
established rigorous quality control procedures.
These include identity, purity, strength as neasured
by the concentration, and stability as assayed by,
in a tenporal fashion, the quality of that peptide
map.

So where are we now wth the E-7
i mmunot her apy? We have preclinical evidence for
efficacy, a well controlled manufacturing process,
and as | nentioned, our first clinical trial wth
this material is planned for the first quarter of
next year.

Finally, I'd Ilike to conclude by
thanking ny collaborators, Kim ko Suzue, and
M D./Ph.D. student at MT and Harvard. Herman Ei sen
has played a critical role in the analysis of

cytotoxic T cells. H dde Pl oegh at Harvard, who's
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col l aborated on nmuch of this; Mrv Siegel, who's
Vice President for R&D at Stresgen Bi otechnol ogi es,
and a very talented team of his conposed of Lee
M zzen, Randy Chu, and Leslie Boux.

Thank you very nuch.

(Appl ause.)

DR NOGUCHI: 1'd like to nowinvite al
of the speakers for this session to join us at the
table and to supplenent us, we're al so going to have
Dr. Mchael Hanna, Dr. Mrvin Siegel, Dr. Jeanne
Novak, and Dr. Earl Dye.

And | think the way we'd like to do this
part of it is to start to get sone discussion going
on the four questions that we've posed to you
already. I'mgoing to just briefly read the outline
of what we have and then ask the panelists who have
not spoken yet to answer one or nore of the
gquesti ons. Because of time we would suggest that
you pick one and try to address that in sone detail.

When we're tal king about products, and
just to reassure everyone, while we are very happy
that sone fol ks can do peptide maps of the precision
we just saw, we're not going to require that for
everyone yet .

(Laughter.)
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DR, NOGUCH : But that's kind of where
you ultimately want to go, but given that that's the
gold standard, product characterization is going to
be somewhat Iless than that, and sone of the
guestions are what do you all think as a panel m ght
be the nost appropriate test.

W' ve al r eady heard from severa
speakers that the concept and the ability to do a
pre-i mmuni zati on pot ency assay IS somewhat
probl ematic, and we do recognize that, but we would
i ke some help on helping to figure out exactly how
we can both assure the quality in terms of the
product as far as potency goes and yet still be able
to nmove forward in this field.

Purity S anot her questi on, and
obviously if you can do a reconbi nant fusion protein
and get -- | was kind of surprised there. That was
only 95 percent pure. Actually for nost of our

reconbi nants we're shooting for a little bit higher

purity, but for the rest of you all, | think that
it'"ll be alittle bit of a different concept of what
purity is.

And then in terns of specifications,
once again, | think the last presentation was sort

of where we would |ike eventually people to be, but
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short of that, what are the neaningful paraneters
that are going to help us in this?

Now, what |I'd like to do is first call
on Dr. Hanna to see if he has a specific topic that
he would like to really address from those four
gquesti ons.

DR, HANNA: | would like to take a few
m nutes to address the topic of potency and the post
i muni zation value of del ayed cutaneous type
hypersensitivity in vaccines where it's inportant.

Now, for allogeneic vaccines, by nature
these vaccines are going to be inmmunogenic. The
guestion is: is it a functional or effective
I mmuni zati on?

For aut ol ogous vaccines, by nature they
should not be inmunogenic, except for tunor cells
that nay have a snall proportion of tunor associ ated
antigens, and in this case, this is what you hope to
achieve with an autol ogous vaccine, is an effective
I mmuni zat i on.

| have a few slides to nake this point,
and then we can open it to discussion. Could | have
the first slide, please?

This is a study that was perforned

t hrough the Eastern Cooperative Oncol ogy G oup, and
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it was an autol ogous colon tunor cell vaccination
program In this study, induction or primry
i muni zation with three vaccines, giving one a week
for three weeks, was the reginen.

And when it was first reported, the
intent to treat analysis was that there was no
significant inprovenent in outconme in Stage Il or
1l colon cancer patients based on i muni zation, but
because we took a decentralized nmanufacturing
approach, basically a hone brew vaccine production
approach, there was discovered that many patients
did not get the treatnent that they were supposed to
get or the treatnment didn't neet specifications.

So an evaluation was nmade of those
patients that got the specified vaccines at the
proper dose, and it showed a very strong trend
towards i nproved outcone in the treated group versus
the controll ed group.

And then we took and went one step
further, and the team of us, the ECOG investigators
and nyself that was exploring this data, then | ooked
at those patients that did get immunized and | ooked
at their delayed cutaneous hypersensitivity response

to their third and final inmunization, which was
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autologous irradiated tunor <cells alone, and
conpared that to clinical outcones.

And you can see that for both surviva
and disease free survival, those patients that did
not have a significant induration had a very poor
out cone for both survival and di sease free survival
In fact, it was not significantly different than the
surgery only control group

But in patients that had what would be
considered by the Mann |11 t est Criteria a
significant DTH, the outconme was nuch inproved, and
for patients that had greater than centineter
induration, it was even better, indicating that DCH
could be a very inportant surrogate endpoint that
takes into consideration both potency of the vaccine
when it's admnistered, status of the patient's
I mmune response, and tunor burden.

The reason | say this was these
differences were significantly different in Stage |
col on cancer, but not in Stage Ill col on cancer.

The next Phase |1l study we did where we
kept an eye on this surrogate endpoint was a study
where we gave the induction inmmunizations and
boosted at six nonths, which this study indicated

woul d have been hel pful .
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In this study, we had two indurations to
measure, the induration to the third vaccine and the
induration to the boost that was given six nonths
|later, and | show this slide just to show you that
the basic tenet of inmunology is that a boost shoul d
be equal to or greater in ternms of reactivity than
the primary imunization is true because you could
see the fourth vaccinations, the DCH were equal to
or greater In nost cases than the primry
i mmuni zation, and the resultant outconme on an intent
to treat analysis in all patients, Stages Ils and
I1ls, was a significant difference in disease free
interval, and even nore inportantly, a statistica
difference in disease free survival in the Stage I
patients and not the Stage Ill patients.

So it makes a poi nt t hat t he
i mmuni zation could be effective and tunor burden
could be the limting factor.

Thank you very nuch.

DR, NOGUCHI : M ke, thank you for
presenting that data.

Wiy don't we spend a few mnutes here
di scussing it? Because | think that this represents
one of the biggest dilemmas that FDA faces. Here we

have sonme very inpressive data in terns of a direct
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test on a patient, but the real critical issue we
would like to explore is what can you do before you
actually inject such that you at |east have sone
idea that is going to have a chance to have that
DTH?

| know the people from AVACS have been
struggling with this, but 1'Il open it up to the
panel here to see if we have any further thoughts on

this particular issue.

Yes, M ke.
DR HANNA: Qur mjor criteria for
potency in both of these Phase 11l studies was

viability and netabolically active irradiated tunor
cells. W had to have greater than 70 percent
viable cells going into the immunization.

DR, NOGUCHI : Is that good enough for
the panel? Do you think that's going to be good
enough or are there other things that m ght be done?

Early.

DR.  DYE: | think that autol ogous
vaccine certainly presents sonme very uni que probl ens
in terns of trying to assess their potential to do
benefit in these patients, but |I think that it --

DR, NOGUCH : Yeah, Earl, put it right

in your face just |ike FDA
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(Laughter.)

DR. DYE: | don't know if this mc is
on. Can you hear ne in the back?

Okay. | think that the point I'mtrying
to make is | agree very nmuch with what the speakers
have had to say here today in regard to the
uni queness  of the autologous vaccine product
si tuation. | mean, we're not faced wth the
advantage of being able to do a great deal of
characterization on these kinds of products before
they need to be adm nistered to patients.

And so it behooves us during the early
stages of pr oduct devel opnent to develop an
under standi ng of what the inportant critical
criteria are associated with these vaccines that do
benefit in patients.

| f assessnents of viability or netabolic
activity are inportant conponents that elicit
responses in patients that can be neasured and
correlated wwth clinical benefit, then these are the
ki nds of things that need to be foll owed, nonitored,
controlled for in the devel opnent of these kinds of
pr oduct s.

DTH type reactivity may be a perfectly

acceptabl e form of assessnent of biological activity
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of these products, but it needs to be denonstrated
that there is sonme rel ationship between that type of
a response in patients and the ultimte clinical
benefit that they intend to derive.

The real challenge for us is to try to
denonstrate that these vaccines are doing sone
benefit in patients. If we can identify correl ates
of clinical benefits and clearly establish that they
do represent a neasure to predict how these things
are going to performin patients, then that's what
we have to try to do.

DR. NOGUCHI: Ckay. | think that was an
agreenent. |s there -- yes, fromthe audi ence.

| feel like Jerry Springer up here. So

(Laughter.)

DR, NOGUCHI : Yes, please use the
m crophone so we can all hear the question or the
comment. Actually, we hope it wll be advice.

DR. SOSMAN: | guess | had two comments
and two questions, and the comments are really just
to instigate not a riot but discussions.

And | guess the two comments are one is
obviously very sinple. You know, | guess ny feeling

as opposed to Dr. Mdrton's is that, you know, tunor
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i mmunol ogy has arrived because of all the great
scientists that are in this audience, not attorneys,
but that was just one.

And the other is | guess | see
aut ol ogous tunors and allogeneic tunors differently
than the panel. | see that this is an inportant
field. | nmean, I'mnot interested in working in it,
but I think it is a critical field.

(Laughter.)

DR. SOSMAN:  No, no. | nean | certainly
want to take the side that peptides are better, but
maybe peptides aren't better. Maybe tunor cells are
better. | agree.

But | don't quite understand where you
go with this because it looks to ne |ike allogeneic
tumor cells and autologous tunor cells are really
proof of principle, and that's what we should do
with them and not then manufacture them for |arge
clinical trials.

But then if we can prove a principle in
small trials, then take them and devel op products
that are translatable to everything, there nust be
sonething in those tunor cells, and | agree. I
t hought, Dr. Mrton, your talk was outstanding. I

agreed with conceptually everything you said, but |
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do have a question for you after this; that
everything you said nade sense.

But I would have taken fromthat is not
to do the study you're doing, but instead try to
figure out how to purify products that we could al
use and we could all understand.

And those are the two, and maybe | won't
ask ny questions.

DR. NOGUCHI: COkay. Let ne just address
that in a general sense. | think that from our
point of view from the FDA, the question is which
way should we go. Should we purify? Should we do
this? Shall we use crude |ysates, whatever?

VWhat our basic bottom line is we're
| ooki ng for whatever works. Now, it's easier in a
way to use well specified types of products because
t he control activities for t hat are quite
straightforward, but that does not necessarily nean
that they do or don't work any better.

And unfortunately, you know, it's sort
of what will you approve? Whatever works.

Now, yes. Let's have Bernie take a
crack, too.

DR FOX Sort of a comment to Jeff's

comment s. W do autol ogous tunor vaccination as
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wel |l as other nodel studies, but in the nodels if
you vaccinate with an autologous tunor in the case
of a nelanoma in D5, which is the same tunor that
Jimuses, if you look in the adjoining |ynph nodes
of those animals, you find T cells that are specific
for at least five of 20 GPU- 100 peptides. They also
recogni ze TRP-2, but don't recognize other peptides,
any of the other 15 GPU 100 peptides or other ova
pepti des.

So as a comment, |'mglad Jeff's getting
back up, but as a comment to that, | think that
while peptides are nice, being as this is an
aut ol ogous and allogeneic vaccine panel, that at
| east we know that at least in some nodels that
vaccination with the tunor does give you specific
peptide reactive T cells.

DR. NOGUCHI: Dr. Hanna

DR, HANNA: I think that the peptides
are nice, and Don had nade a point to ne that if we
had had this neeting 15 years ago, there'd have been
12 people here and a few people wandering in and out
and wondering if we're not on the fringe.

| think that when ten, 15 years passes
and we have this neeting again, if we have the

peptide data that shows clinical effectiveness, we
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would all go in that direction, but clinical trials
have to be conducted before a decision can be nade
as to which is the best way to go.

The autologous and allogeneic cell
vaccines could be the <control groups that the
pepti des woul d have to conpete agai nst.

DR, SOSMAN: No, | actually don't even
think -- | nean, it my be right that you could
i sol ate. There'd be too many as Bernie said, just
too many to isolate, but then what you're going to
really have to do is figure out how to make it
sinple because, you know, | treat patients like a
nunber of people here, and it's just not feasible to
do this.

And what vyou're going to have to do
then -- | nean this is obviously ny opinion -- is
you're going to have to figure out a way to get it
out of paraffin blocks because that you'll have on
everybody, but you're not going to have fresh tunor
on everybody.

DR, NOGUCHI : Ckay. A question here.
Now, let's try to direct it alittle bit back toward
potency if we can.

DR. BYSTRYN: Well, maybe | can nmake a

coment regarding potency assays, and it's really
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inportant to differentiate between assays which are
| ooking at the ability of the vaccine to induce an
i mune response in people where, for exanple, DTH, |
think, is a very sinple and good assay, and assays
that are going to enable you to neasure the potency
of the product hopefully before it goes into a
patient.

The problem with assays which |ook at
the ability of the vaccine to induce an inmmune
response in people to evaluate potency is that now
you have two variables that you are |ooking at. One
is the potency of the vaccine itself, but the other
is the ability of the patient to respond, and that
is going to nake it very difficult to interpret the
dat a.

And, therefore, | think that in terns of
trying to think about potency assay, you really want
to think about assays that you can do in vitro, sone
kind of an assay of that type, using animals as a
way to examne potency again, | think, as a
fundanental flaw, which is that if you inmunize an
animal with a human product, you're going to get an
i mune response to that, and you're not going to

know whether it's a response sinply because you have
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a xenogenic protein or because this protein happens
to be i munogeni c.

And at that point all you are really
getting is an assay of identity, and you can get
identity a lot nore sinply by sinply probing the
product directly wth whatever you have to assay.

So | think that in terns of |ooking at
potency, you really want to focus on in vitro assays
that are going to exam ne sone aspect of what you
think is inportant fromthe strength.

DR, HANNA: You know, | didn't nmean to
make it an either/or contest. In the FDA today for
the BCTG vaccine it requires a variety of in vitro
assays. It requires a variety of assays in
preclinical studies, and the last | knew, as of |ast
year, it required a functional test in patients
where you inmmunize with one lot and show that 90
percent of them converted in the Mann Il test to
PPD.

So we have a history of vaccines, and we
shouldn't reinvent the wheel. DCH has been a
primary mneasure of both the vaccine's quality and
the patient's ability to recognize it and response

i mmunol ogically, and |I'm saying that there's a
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precedent for it. W ought to not fail to recognize
it in the tunor vaccine situation.

DR NOGUCHI: Dr. Seaver.

DR, SEAVER Yes. I think in this
approach, and I'm talking mainly about autol ogous
not all ogeneic, and probably things have been dated
before, is either you pay the piper now or you pay
it later, and that's what 1'd |ike to suggest.

If you can well characterize, if there
is a test that you can do on the patient beforehand
to say it's going to work or not work, |I'm sure al
of us would agree to do that, but let's assune that
that 1isn't the case, and we do have this
het er ogeneous response.

| think the issue comes up it's not to
say that we can't do a potency assay whatsoever,
throw up our hands in the air, because think of it
from the patient's point of view Because |'ve
coached sone people that have had cancer and we're
trying to figure out which trial to go into, and
that is if | have a therapy that's relatively
nont oxi ¢ over standard therapy which is relatively
toxic and is going to really affect nmy lifestyle,
then 1'm probably going to opt for the nontoxic

therapy first.
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But I would like to know whether it's
wor ki ng or not. So the ability to do sonething on
the patient later, whether it be DIH whether it be
T cell, I don't care. To have a response within a
nmont h, to know whether you should do this,
especially since many of these autol ogous therapies
are nultiple injections, and if you're going to go
t hrough the expense of nultiple injections and want
rei mbursenment for it, we'd better have sonme way of
saying that it is working in lieu of having, quote,
unquot e, these potency assays.

DR, HANNA: And | agree, and we test
themat three weeks. W have a three-week assay, at
three weeks afterwards. Now, if the patient has no
DTH, other interventions may be warranted.

DR SEAVER Right, and that's what |I'm
saying, is maybe one can formulate with the FDA a
tradeoff strategy that in that case a post testing
is part of it.

DR. HANNA: Exactly. Thank you.

DR, NOGUCHI : kay. Yes. Let's have
sone nore conments.

Go right ahead, Jeanne. Dr. Novak.

DR, NOVAK: Yes. | think wth regards

to the issue of potency, one of the things that 1'd
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like to come back to is some of the coments
regarding whether or not you have assurance that
your product is going to work once it's in the
clinic.

Now, | just want to touch back on the
point that that's why we're doing Phase I1I
random zed trials, to get an assessnent of whether
this product is going to work, and I think certainly
if one can |l ook at a potency assay that would be an
absolute predictor of outcone, that would be the
gold standard. There's no doubt about it.

But I think I would also have to say we
need to |ook back at a couple of other historica
per specti ves. That also should guide wus and
hopefully the regulatory agency about how we view
pot ency.

| think we should consider that this
assay is in place certainly to help guide and give
us assurance that this product, in fact, 1is
consi stently manufactured, and can we always find an
activity test for a product that is always going to
give us an outcone or give us a handle on how it's
going to work in the clinic, and I would tell you
that based on preventive vaccine work, there are

certainly a nunber of vaccines where the potency
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assay is not always directly correlated to what one
m ght expect in the clinic.

Many of those assays are oftentinmes just
an assessnent of inmmunogenicity, and a l|lot of that
work was done before sone of the key antigens or
protective epi t opes, for exanpl e, had been
identified, and it's only now as vaccines, for
exanpl e, preventive vaccines, are noving towards
wel | characterized technol ogi es where one can begin
to ask nore rigorous questions because you have the
tools and the ability to do that.

Again, it's not to say that we shoul dn't
be looking for that gold standard, certainly an
activity test where you can have a high assurance of
the activity in the clinic, but I think we need to
come back and also think about are there activity
tests or in cases of autologous vaccines where you
are faced with a tine line, are there other types of
assays, anal ytical assays or characterization of the
product that would give you an assurance that if
your product is alive, for exanple, it's viable or
if It expresses a particular antigen at a certain
| evel or has other characteristics that you' ve found

in previous studies to have had sone correlation
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with outcone, then those, again, are assays that |
t hi nk shoul d al so be consi dered.

You can't discount that because, again,
we need to go back to help FDA feel confortable with
how do you rel ease a product and what do you set as
a specification.

So | would also propose, in addition to
continuing to look for the gold standard, to
consider potency assessnent as part of a total
quality assurance package, certainly a validated
part of an aspect of assuring validated manufacture,
but also |ooking at paraneters that could, in fact,
provi de sone assurance based on the initial clinical
data that you have, such as, again, correlative
assay, be it analytical only rather than functional.

DR, NOGUCHI : Ckay. Let me put this
back to you directly then. s cell nunber and
viability and the correlate of a certain anmount of
DTH reactivity in the clinical trial, albeit after
it has to be neasured three weeks after the
injection, is that enough? Do you think that's
appropriate for this stage of devel opnent?

VWhat other correlates can we really | ook

at?
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DR. NOVAK: Yes, | think that is a very
good question, and | think I have to stay relatively
open on that because one of ny concerns always
about, for exanple, the DIH assay, relying on
sonething that's post treatnment one has to say how
do you make a decision about the manufacture or
admnistration of that product when it's post
treat nent.

So the caveat there, |I'd have to agree
is that you're already into an admnistration
process, but if that <could be translated to
devel oping a useful assay on the sane prem se soO
that that could be done at the tine of manufacture
or potentially gaining a particular history wth
that activity in a particular patient base, maybe
there has to be room to look at that option for
pot ency.

| think it's a very difficult question
for the autol ogous vacci nes.

DR. NOGUCHI: Ckay, yes.

PARTI Cl PANT: I'd like to address this
across the whol e panel .

Since we're not sure what specific
i mune test to nonitor, mght it not be useful, and

|'"d be interested in the ganmut of opinions, mght it
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not be useful to sequentially neasure perhaps sonme
nonspeci fic par anet er s, C reactive pr ot ei ns,
circulating |IL-2R, neopterin, changes in TNB
subsets, and then perhaps to try to use that, and
that could even be done retrospectively as a marker
that we gave this vaccine and sonething was
happeni ng physiologically, and then to go back and
| ook at that in conparison with who responded and
who didn't respond.

DR, NOGUCHI : Ckay, panel. There's a
potential way to address this.

Yes, Dr. Morton.

DR. MORTON: | think the problemis that
the very key point that Jean-C aude Bystryn nmade is
that the ability to induce a response will vary with
the tunor burden, the stage of the patient, and in
our work with the genetics of the patients.

These are self-antigens or nodified
self-antigens, and we know from work in aninal
nodel s that i mrune responder genes are real, and so
you'll have one patient that wll respond to a
particular antigen but not to another antigen, and
Vi ce versa

And so since when you're trying to base

the characterization of your product on the clinical
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responses in the patient, it's not a valid -- in ny
estimation it's not valid because the response of
the patient is going to depend on so many factors.

So | think in order to assure
consistency in manufacture, you have to have sone
mar kers. You have to have sone mlestones that tel
you you have, in fact, produced a consistent product
fromlot to |ot.

DR, NOGUCHI : well, | think the point
being here is we know that response is going to vary
per person, but are there sone responses that are
nore nonspecific so that you could at |east say this
has sonme potency, and if the patient can respond,
then at least | know that this lot of vaccine is
worth injecting.

| think that's kind of what you're
getting at. |s there sonmething nonspecific we could
measure that --

PARTI ClI PANT: Vll, suppose we give a
vaccine and it's going to elicit regression of a
metastatic disease. Now, that has to reflected. In
our state of the art, certain we wish we had better
tools, but that's going to have to be reflected
sonehow in other ki nds of internmediary and

det ect abl e mar kers.
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And perhaps that mght be an early
detection of some kind of physiological activity
even in those patients where whatever inmune
response was nounted wasn't effective in producing a
clinically observabl e regression.

DR NOGUCHI : Right. | think it's sort
of like there still remains the two issues. One is
the individual who has a variable response, but the
other is trying to get sonething that has sone
consistency to it so that if the patient can respond
they will.

DR. MJLE: The whole prem se in many of
these immunization strategies is based on the
concept of eliciting a specific response. That's
t he whol e basis of many of these vacci nes.

And Session |V actually is going to
tackle a lot of the issues surrounding immunol ogic
nmoni toring, and maybe sone of these questions should
be delayed until we hear nore about appropriate
i mmunol ogi ¢ nonitoring in the next session.

DR. NOGUCHI: Any other comments? Yes.

DR HANNA: Plus there's another point.
We've had a |lot of experience with in vitro assays.
| nmean this place here and the building behind it

devel oped nost of them
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What we learned fromthemis that on a

popul ation basis, they seem to correlate, but when
you got down to the individual, you couldn't make a
decision in ternms of response or no response, but if
you had an average, it seened to correlate wth
responsi veness of a group, and that canme from

syngenei ¢ nouse experi ments.

DR, NOGUCHI : Bernie, did you have a
conmment ?

Ckay. Yes.

DR. LI VI NGTON: I think the question is

quite different for autologous and allogeneic
vacci nes. The all ogeneic vaccines, as Don Morton
has descri bed or Jean-C aude Bystryn or others who
are using allogeneic vaccines, readily are anenable
to potency assays wth antibodies, as has been
descri bed very nicely today.

The whol e basis for autol ogous vacci nes,
whi ch are so nmuch nore cunbersonme to use and prepare
is individually specific antigen, the nmutated self-
antigens which are, you know, so inportant in nouse
nodel s, and that, | think, inherently is inpossible
to determine in advance in the vaccine.

And so | guess you're thrown back even

in the autologous to using sone of the shared
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antigens which have been defined to gauge potency,

but | nust say | have a sinking feeling about that
because really your whole goal, if you want to
i mmuni ze  agai nst these shared antigens, t he

al l ogeneic antigens or higher tech. vacci nes,
al | ogenei ¢ vaccines or higher tech vaccines are a
better way to go.

The only reason to go to the trouble of
autol ogous is individually unique antigens, and |
don't know how you gauge that. | think that's a
pretty inportant question though.

DR. NOGUCHI: Okay. Yes, please.

DR, BYSTRYN: You know, taking into
account the difficulty of neasuring potency, |
wonder whether -- and the need to, you know, nobve
ahead with the devel opnent of products that may help
the American public, | wonder whether at the present
time maybe one possible solution will be to accept
the suggestion that was made by one of the earlier
ot her speakers that we talk about identity plus and
that we think of potency perhaps as the ability to
denonstrate in the vaccine the presence of a nunber
of antigens that, you know, you believe nay be
biologically relevant, the assunption being that if

the antigens were there, then the vacci ne woul d have
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the potency to induce an inmune response to these
anti gens.

Because right now | think we're al
having a very difficult time trying to conme up with
assays that can neasure potency that don't rely to
actually doing clinical trial with the vaccine to
see what the immune response is that is induced,
which is kind of, you know, potency post facto,
whi ch you probably don't want.

So ny suggestion would be that we just
| ook at potency, define it as the presence of
relevant antigens in the vaccine, and of the
denonstration of such antigens

DR. NOGUCHI : Ckay. | want to use that
coment sort of as the closing point of discussion
for the panel. We've heard kind of all different
sorts of proposals being sent around here, but let's
just try to close with whether the panel thinks
individually and as a whole is that going to be
adequat e enough.

And | want to just kind of close this by
going right down fromthe end.

DR S| EGEL: | think the issue that we
keep talking about is really one of being able to

predict or get a prognostic indicator that we are,
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in fact, manufacturing the same thing over and over
again. Ganted that we don't know, as you said, on
an individual patient basis whether they're going to
respond, but at least can we control what we're
putting in on a patient-by-patient basis so we can
even determne whether or not there 1is any
statistical correlation to any of those paraneters?

| think we're forced to nake a series of
anal ytical mnmeasurenents on whatever we're putting
in, and in fact, can conduct those trials to see
whet her there is any correlation to naybe an anti gen
map or sonething like that that enables us to go
back into the clinical trial situation and see
whet her anything correl ates because at this point |
don't know that there is a single entity or even a
series of entities that you can use prospectively to
say, "well, if I have A, B, C, and D and not E and
not F, then | will get a certain kind of activity."

| think you're alnost forced to say,
"Let me map what | have. Let nme do the very
expensi ve experinent instead of in mce, but in
people to see if there is any correlation between
what | put in and what | get out the other end."

Because | think that's where we are at

this point. W don't know what to map.
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DR. NOGUCHI: Dr. Young.
DR YOUNG | think 1'd just like to

echo a comment that Marvin just made, and that is to

say | don't know how you deal with this entirely
today, but | think very soon, in nonths if not
weeks, you wll have the ability to take this

material and do genonme-wide profiling and actually
determ ne the precise nunber of nessenger earning
nmol ecul es for every species that you can detect on
chi ps.

And although that is an expensive
technology, you wll be able to understand the
identity of that material to an extraordinary |evel,
and you'll be able to do cluster analysis on the
information you get later on when you determne its
clinical efficacy.

So |l think it's a very difficult problem
to deal with now, but in echoing Marvin's comments,
| think understanding the material you re dealing
with is just going to be critical.

DR. NOGUCHI: Dr. Novak.

DR NOVAK: | think I'd like to just
focus back on the issue from a regulatory

perspective and with regards to the requirenents for
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having confidence in the release of a product based
on purity, potency, et cetera, and ID

The potency test, in ny mnd, for these
products, again, as we've already discussed, is very
difficult. If one holds to the strict sense of
having an activity that correlates with the outcone,
again, it's very difficult. W don't know enough
about, especially in this case, the autol ogous
vacci nes because of the individual nature of these
vaccines, and froma rel ease point of view, it makes
it very difficult when you have short tine lines to
do activity tests even in a generic sense, such as
cytokine release assays or other in vitro assays
that mght give you a sense that there's sone
activity here, albeit it my not be directly
rel at ed.

And | also agree with the comments that
we certainly don't know all of the entities in these
vaccines that are absolutely required for positive
out cone.

But all of that said, |I think that the
challenge still has to be at this point in tine
because we don't have these advanced technol ogi es,

we don't what all of the antigens are that are
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critical; we have to |look at the paraneters that we
do know sonet hi ng about.

And we've heard today that for both the
al | ogenei ¢ and the autol ogous vaccines by ability is
a factor, and I think that has to be quotiented into
a total package where you can't necessarily | ook at

an activity specifically and say, Yes, this
satisfies a requirenent for release.”

We need to | ook at the package in total,
and again, | think that's a conbination of antigen
identification where possible, activities where
possible and tinme permts, be it in vitro or in sonme
sort of an aninmal nodel, and also as nuch
characterization as possible, also keeping in mnd
that characterizing your product and setting up
release assays 1is really just there are two
di fferent issues.

Your release assays are still only a
subset of what you hopefully are doing as a tota
characterization of your product. So, again, we
need to bring that back down to what we're talking
about as far as product rel ease and characterization
and separating that from everything else you'd Ilike

to know about your product and hopefully we wll
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know as we continue Phase 1Il studies and we

conti nue further characterizati on.

DR, NOGUCH : Early.
DR. DYE: Well, | think that pretty nuch
sunms it up. I think from a regulatory perspective

Dr. Novak has really captured very eloquently the
i ssues that face us with all biologic products, not
only the autologous or allogeneic tunor cell
vacci nes.

| think it's critical to realize that
there's a need to know from lot to lot or from
patient to patient that the process that's being
used to prepare these vaccines is preparing products
that are going to do benefit to these patients and
not cause harm

It's inmportant to know that if these
patients are going to receive nmultiple injections of
t hese vaccines, that the injections they receive the
first tinme are going to be conparable with the
injections that they receive at later tines, and so
there needs to be a way of assessing these products
for the inportant characteristics that are going to
define whether or not they induce the kind of

response in patients that we're hoping to induce.
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| think identity plus is a no brainer.
Certainly we need to know what the critica
conponents or markers are on these products that are
going into patients, howthey relate to the kinds of
responses that we're trying to engender, whether or
not things such as «cell wviability, nmetabolic
activity, the ability to induce sone sort of a
functional response in tissue culture in aninmals or
in patients are all part of a package that need to
be assessed in terns of evaluating whether these
products are going to be useful or not.

And | think that it's a challenge that
we can't ignore, that we have to continue to | ook
for sol utions.

DR. NOGUCHI :  Ckay. In the interest of
time, since all of the rest of you have actually had
a chance to speak except for Bernie, but you're
going to speak later, if there's any disagreenent
with what we've been hearing, this 1is your
opportunity.

Yes, Dr. Mile.

DR,  MJLE: Wth respect to DC based
vacci nes, we discussed yesterday actually the
conplications involved in defining potency at this

early stage. What conplicates it, of course, is the
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fact that we don't know yet, and you hear from
Jacques Banchereau and Ral ph Steinman that we don't
know yet what dendritic cell to use.

We don't know how best to expose antigen
to dendritic cells. W don't know how to best give
dendritic cells. There's a lot of information about
|V route of adm nistration, interdermal, subcu. W
don't know how | ong the vaccine is efficacious once
it's injected.

So to nme it's like trying to get to the
ball before Cinderella' s stepsisters. | think it's
alittle bit early to make clear-cut definitions of
potency with respect to at Ileast the DC based
vacci nes.

DR. NOGUCHI: Ckay. Wiat I1'd like to do
is just thank the panel and thank the audience for
providing an extrenely val uable discussion. | can
assure you from our FDA perspective, we wll be
i mredi ately | ooking and trying to evaluate this and
spread the wi sdom t hroughout all of our evaluations
of all the vaccines, including the ones you can
characteri ze.

So thank you very nuch.

(Appl ause.)
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DR, NOGUCH : Now we'll be noving right
into our next session. One of the co-hosts here is
actually ny boss, Dr. Jay Siegel. Dr. Siegel has
had a | ong and distingui shed career here at the FDA
and the NIH canpus and is an inmmunol ogist of sone
repute. | think just a few years ago he reluctantly
gave up the lab, but he certainly has not given up
his interest in immune responses, and especially of
t unors.

Hs co-host here wll be Dr. Mrio
Sznol, who is the head of the Biologics Evaluation
Section at the Investigational Drug Branch, Cancer
Therapy Eval uation Program NCI. W |ike those |ong
acronynms, but Dr. Siegel wll be opening this
sessi on.

DR SIEGEL: Well, thank you.

Ckay. | have an announcenent that the
poster abstracts nust be renoved from the boards no
|ater than 2:30 this afternoon.

W now nove to Session IV entitled
"Preclinical Strategies and | munol ogi cal Assessnent
in Early Cinical Trials of tumor Vaccines." 1In so
doing, we cross a bridge that several have ventured

across already, noving from how to characterize the

SAG 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

118
product to how to characterize the inmune response
to the product.

| think this is a very exciting and
i nportant question. As we heard from Dr. Keegan
yesterday, the immune response is not a neasure of
benefit, nor is it an accepted surrogate, and |
would add that it's far from being one. We're
several controlled clinical trials short for any
given product in response and benefit of know ng,
under st andi ng a rel ati onshi p.

Yet it's extrenely inportant, as sone
speakers have noted, to select which strategies to
go into clinical trials, to optimze the strategy,
dose, and reginen, and the like, and | would add to
that even after the denonstration of efficacy for a
given product in disease, it wll remain quite
inportant as these sorts of products, vaccines and
cellular products in general can be nodified and
inproved in how they're nade. They can be nodified
and extended in how they are used.

And in order that not every nodification
requires random zed controlled clinical trials,
understanding correlates of efficacy wll be

critical.
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To reach t hese ends t hen, it's
critically inportant early in devel opnent to
identify relevant inmmune effect or arns that are
relevant to the intended nechanism of action and
thus likely to correlate wth or predict benefit
and to identify imrune response neasures which can
characterize that effect or arm and which can be
performed reliably and reproducibly across tine in a
patient, acr oss patients in a center, and
inportantly also, across sites in nulti-center
trials which are likely to be necessary.

So with that, enphasizing, | think, the
critical i nportance of these topics, it's ny
pl easure to introduce our first speaker, Dr. Steven
Rosenberg of the Cancer Institute and needs little
introduction, who wll talk about his work in
identifying cancer regression antigens and using
Strategies to target those in tunor vaccines.

DR. ROSENBERG  Thank you

I n devel opi ng cancer vaccines, we need
to understand two basic phenonenon. First, what is
it we want to i muni ze agai nst? And, secondly, what
is the optimal way to performthose inmunizations?

And I'd like in the next few nonents to

tal k about our studies, trying to develop at | east
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the beginnings of answers to those two questions.
What should we be imuni zing against in the cancer
patient, and how can we best perform those
i mmuni zati ons?

In attenpting to find the antigens in
patients with nelanoma, a human tunor that we've
used as a nodel, although as you'll see, we're
beginning to extend beyond that diagnosis, we
attenpted to define the relevant tunor rejection
antigens in patients by identifying the genes that
encoded what we thought to be the relevant tunor
anti gens.

And those studies were derived from a
pilot clinical trial perfornmed here in the clinical
center.

Can | have the first slide, please?

This clinical trial used a kind of cell
we had defined in animal nodels and in humans call ed
tumor infiltrating |ynphocyte, cells that we could
derive fromtunors that in vitro exhibited specific
antitunor activity and recognition of t unor
anti gens.

In a trial we admnistered them to 73
patients with netastatic nel anoma. About a third of

those patients would respond. This was about tw ce
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the response rate seen with Interleukin-2 al one, and
when these cells were adm nistered with Interl eukin-
2 to patients who had previously not responded to
Interleukin 2 therapy, again, about a third of
pati ents responded.

And what this clinical trial did is
provide us with a cell that was recogni zi ng anti gens
that when admnistered to patients, adoptively
transferred, were capable of medi ating tunor
regr essi on.

And the question we then asked with the
specific subpopulation of TIL cells that were
involved in tunor regression, the question we asked
was: what was the antigens, what was the chem ca
nature  of the antigens recognized by these
particul ar |ynphocytes?

And the strategy that we utilized in
t hese studies had four parts:

First, to grow tunor infiltrating
| ynphocytes from patients with cancer and identify
the TIL cells that <could recognize appropriate
antigens in vitro;

To adm nister those TIL to patients, as
|"ve just nmentioned, and identify the selected

subpopul ations that could nedi ate tunor regression;

SAG 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

122

And then utilize those TIL associated
with in vivo effects to clone the genes that encoded
the antigens they recogni zed.

Now, it was necessary, of course, to
then close the loop by utilizing those genes that
encoded these putative cancer aggression anti gens by
evaluating clinical responses in patients after the
adoptive transfer of |ynphocytes sensitized in vitro
specifically to those antigens or to utilize those
genes or gene products in the devel opnent of cancer
vaccines to see if, in fact, those selective imune
responses could translate into tunor regression in
patients.

Well, in beginning those efforts, we
began with a patient shown here who had multiple
tumor nodules. He received his TIL, along with IL-
2, and showed a dramatic regression not only of
t hese tunor nodul es, but also intraperitoneal tunor
as wel | .

This was patient 1200, and Dr. Utaka
Kawakani asked what were the antigens that were
recognized by this TIL that resulted in this tunor
regression, and these were the first exanples of our

efforts in this direction.
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| won't go into it in nuch detai
because it's been published, but in these first
series of experinents, tw antigens, GP-100 and
MART- 1, standing for nelanoma antigen recogni zed by
T cells, were identified by TIL associated wth
tunor regression.

The GP-100 nol ecul e, previously known as
a nol ecul e recogni zed by a nonocl onal anti body, HVB-
45, but unknown as a T «cell antigen; MART-1
previ ously unknown in any gene or protein data bank,
but the surprising observation was that both of
these proteins were normal, nonnutated proteins
present in nelanocytes and nelanoma cells, and in
fact, the Northern Blot studies that were perforned
denonstrated the expression of these proteins only
in nmelanomas, sone in retina, no other norm
tissues with the exception of nel anocytes.

As we began further to define the nature
of these reactivities, sone additional surprising
findings reveal ed thensel ves of 29 HLA-A2 restricted
TIL that recognized shared nelanoma antigens from
patients, and this represents over 50 percent of al
HLA- A2 TIL.

Twenty-one of these 29 that recognized

specific nelanoma antigens recognized the MART-1
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antigen that we defined, and all of these 21 TIL
recogni zed the exact sanme nine amno acid peptide,
this AAGGALTV, and no other peptide in this
nol ecul e.

Thirteen of the TIL recognized GP-100,
five different epitopes. W've now actually
identified an additional five, and they were
het erogeneous. Eight reacted with both of these.

W have two TIL that have recognized
tyrosi nase, and those represent the three antigens
recogni zed by all of the TIL that we've identified
from nmel anoma patients.

I't, t her ef ore, appeared that many
mel anoma antigens were normal, nonnmutated self-
proteins presented on the surface of nelanoma cells
in normal nel anocytes, and sonehow the growth of the
mel anoma resulted in break of tolerance to these
normal differentiation proteins because, of course,
the TIL that were used to identify them cane from
the grow ng tunors of patients.

Now, this explains something which had
mystified us for the previous ten years of our
i mmunot herapy experience as exenplified by this

patient, who is one of the patients who had nmultiple
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mel anoma deposits followng resection of a primry
| esi on.

He underwent a conplete regression of
t hese deposits. That's just sone nelanin staining
in the skin, and he showed us as the nelanoma
deposits wer e di sappeari ng this vitiligo
depi gnentation, which on biopsy showed conplete
destruction of nelanocytes in this area.

Thi s t hen | ed us back to our
i mmunot herapy clinic to |ook prospectively at all
patients that were seen in our clinic at |east one
year after receiving Interleukin-2, and in none of
104 patients did we see, wth renal cell cancer, did
we see vitiligo. W saw it in 12 of 73 nelanoma
patients, again suggesting that sonehow the growth
of the nelanoma had sensitized the patients to
reactivity against these differentiation antigens
that led to the vitiligo.

But nore conpellingly, if we |ooked at
the nel anoma patients, all of the vitiligo occurred
in those patients showing objective clinical
responses, either conplete or partial regressions,
and no vitiligo seen in nonresponding patients,
providing what | think is conpelling circunstantia

evidence that it is the reactivity against the
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differentiation antigens, the sane antigens that are
causing the response to the nelanoma, that are also
resulting in vitiligo.

Now, this leads to a conjecture which
could potentially lead us to extend these
observations to other tunors, and we're very
vi gorously pursuing this area.

| f nor mal tissue specific
differentiation proteins from nel anocytes expressed
on tunors can serve as tunor antigens, well,
virtually every organ in the body contains unique
proteins unique to that organ. Per haps tissue
specific proteins in tunors derived from other
nonessential organs could serve as inmunotherapy
targets. After all, the loss of the epithelial
cells of organs, such as the thyroid, the ovary, the
testes, the breast, and the prostate, would be a
very small price to pay for the destruction of the
tunors that arose fromthose organs and continued to
express those differentiation proteins.

Well, that was only part of the story.
I'd like to present just two additional exanples
t hat denonstrate not only additional tunor antigens,
but other biologic principles involved in how tunors

present antigens to the i mune system
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A 26 year old woman who had dozens of
cut aneous net astases, nelanoma in both tonsils, soft
pal ate, lung underwent conplete regression of her
mel anoma when treated with TIL cells and IL-2, and
when Paul Robbins studied TIL-888, TIL associated
with the conplete regression in that patient, and
another TIL, TIL-1290 that was derived from anot her
lesion in that patient, he identified the beta
ketenin (phonetic) nolecule as the gene that was
encodi ng the protein recognized by this TIL.

The base and amno acid sequence,
however, revealed a single C to T mutation which
resulted in a serine to phenylalanine nutation
switch that resulted in a nine amno acid peptide
ending in this phenyl al anine that accounted for all
of the reactivity of this TIL.

And so here's a case where a nutation in
a normal protein resulted in the generation of a
tumor antigen, and when Dr. Robbins |ooked at the
normal sequence conpared to the nutated sequence,
there was a one mllion-fold difference in
recognition by TIL fromthis patient.

Beta catenin, of course, a protein that

reacts with the APC tunor suppressor gene product
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and is quite inportant probably in the nalignant
phenot ype of that patient.

And so a second principle of the
degeneration of tunor antigens in patients is not
only differentiation antigens, but nutation of
normal cell products.

Well, the final exanple I'll discuss is
this patient 586, who studied by Dr. Ron Fu Wng,
who underwent a partial regression when receiving
those TIL plus IL-2. Dr. Wng identified the gene
sequence of the protein recognized by this TIL.

It turned out to be a protein TRP-1,
anot her differentiation pr ot ein, but quite
surprisingly, none of the peptides from the nornal
protein conferred reactivity to TIL 586. It was
only when Dr. Wong then explored the third open
reading frame that we found a 21 amno acid,
probably nonsense pol ypeptide, encoded by the third
open reading frane. So this is now an epitope
comng from not the protein encoded by the nornal
gene, but by that sane gene sequence, and it was the
first nine amno acids from this 21 amno acid
pol ypeptide that conferred the reactivity to TIL 586

starting in this nethionine.
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Now, clones of TIL 586 identified TRP-2,
anot her differentiation protein as a protein
recogni zed by this heterogeneous TIL in this patient
that underwent a good partial regression, a second
anti gen.

But a third clone fromthis patient, al
derived fromthe sane TIL popul ati on, denonstrated a
clone that now reacted with that patient's nelanonma
restricted by HLA-A31, not A31 negative nelanonas,
but now for the first tinme this TIL could recognize
HLA- A31 breast cancers, but not normal cells from
t hat sanme patient.

And so this patient was devel oping
reactivity not only against nelanoma antigens, but
antigens now shared nore broadly on other tunors
and when Dr. Wong identified this gene, it encoded
the NYESO-1 as a gene product, at that point known
only to be reactive with antibody, but not with T
cells, as the antigen recognized by this patient's
TI L.

And, in fact, two different epitopes on
the ESO antigen were recognized by two different
cl ones.

Interestingly, this antigen is expressed

in about 25 percent of breast cancers, prostate
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cancers, even nore non-small cell lung cancers, and
the 10-amno acid epitope was identified as well as
a second epitope recogni zed by another clone in an
alternative open reading frane.

And so we have to look not only at the
known protein products of the genes that encode
tumor antigens, but also their alternative open
readi ng frames, as well.

And so as we summarize this patient,
this patient's TIL, isolated froma grow ng tunor of
t hat I ndi vi dual , recogni zed three di fferent
antigens, TRP-1, TRP-2, and two epitopes of the ESO
antigen, as well. Most patients with nelanoma are
probably recognizing not only a single, but perhaps
even nultiple antigens, and we have several exanples
of this in our own patients.

el |, we' ve now descri bed ei ght
di fferent antigens. | won't go into others, and
there are others that are being found in the
| aboratory that recognize not only differentiation
antigens, intronic sequences, nutations, alternative
open reading franes, as well as sone that are shared
on other nelanomas, and there are other antigens to

be di scovered as wel|.
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It's quite clear that if you have a T
cell that recognizes an antigen, you can clone that
gene, and in this summary of 135 different TIL
restricted by HLA-Al, 2, 3, 24 and 31, there are
still TIL that we have that have antigens that are
not enconpassed by any of the genes and gene
products we know about, and these are being cloned,
in fact, a new antigen just found by Dr. Mamrero
Hrata in the last week, and so finding of these
Class | restricted antigens is sonmething which is
vi gor ousl y ongoi ng.

Now, we've talked only about nelanon,
and in fact, for tunors other than nelanoma, it's
very hard to raise Class | restricted CTL that
recogni ze tunor antigens. However, one can generate
from about ten percent of breast cancer patients CD
4 positive TIL that recognize tunor antigens
uni quel vy, and this was publ i shed by Dr.
Schwartzentruber and Dr. Topali an.

TIL cells from a breast cancer patient
recogni zi ng that breast cancer, but not normal cells
fromthat patients or other tunors, and Dr. Dadmars
along with Dr. Schwartzentruber have described from
about a quarter of ovarian cancer patients CD 4

positive TIL that recognize uni que anti gens.

SAG 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

132
As you can see here, the autologous
tunor being recogni zed in each of these experinents,
but not autol ogous normal tissues or other tunors.
But the problem of recognizing the genes
encoded by CD-4 cells is a far nore challenging
probl em and one that up until very recently we've
had no nethod for identification, and the reason for
the difficulty comes from an understanding of how
antigens are processed.
Antigens recognized on Class | by CD8
positive cells are the result of the processing of
intracellular proteins, which are cleaved and

transported through the ER to the surface of the

cell. Whereas Class |l recognized antigens are
exogenous antigens, in general brought into the
cell, into different subcel lular conpartnents,

endosones, that are then attached to Cass |
nmol ecul es and brought to the surface.

And if we try to use the classic
expression cloning techniques that we've used, one
cannot just sinply introduce a gene into the cel
and expect it to enter the Cdass Il pathway.
Sonmehow net hods have to be devel oped to bring these
endogenous proteins specifically into the Cass I
pat hway.
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And in the past several nonths work,
again, by Dr. Ron Fu Wng has generated a genera
met hod for the cloning of genes expressed by d ass
Il antigens by developing CDNA libraries with the
vector encoding and variant chain sequences which
target these transfected genes to the Cass Il
pat hway and doing that in 293 cells that are highly
transfectabl e, that have been engineered to express
the appropriate Cass Il DvA, DVB, and in varying
chain nol ecul es that are necessary for gene cloning.
And so utilizing now this new techni que
just being submtted for publication as we speak,
using CD-4 positive cells that recognize a unique
mel anoma antigen restricted by HLADR, the gene
cloning techniques were used, as |'ve just
mentioned, by screening CDNA libraries, and this now
first cloning technique identified a gene, a quite
uni que gene, recognized by this TIL, restricted by
Class Il, which is a fusion product of the LDL
receptor gene on Chronosone 19 with a fructose
transferase gene on that sanme chronosone, and the
pepti de epitope has been identified as well.
In other words, the gene for the LDL
receptor, the gene for the fructose transferase as a

result of a chronbsone inversion gives rise to a
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fusi on product, probably a reconbination between the
two ends of this chronosone that gave rise to the
gene recogni zed by this TIL.

A study of the individual amno acid
epitopes has also identified the particular peptide
epi tope recogni zed, which is in this fusion product
of the ligand binding repeats of the LDL receptor,
as well a the fructose transferase gene, now as a
result of a chronosomal rearrangenent being read in
the reverse direction, a nonsense sequence that
gives rise to the peptide epitope.

And |"ve nentioned this just to
illustrate again we know there are so many
chronmosomal abnormalities and nutations that occur
in tunmor cells that have an opportunity to give rise
to nutations. This is the first antigen recogni zed
by this approach. Dr. Wng has now identified a
second T cell antigen and the epitope derived from
the CDC-27 gene, and ny suspicion is now we'll be
able, using this general technique, to identify CD 4
restricted antigens in a variety of tunors as well.

Well, we understand a |ot about the
nmol ecul ar nature of these antigens, but of course,

the goal of these studies is to use themto devel op
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t herapeutic approaches to these treatnents to turn
this theory into perfornmance.

And as we engage in this effort, there
are, of course, two main issues to deal wth. One,
the passive transfers, we've talked about passive
i mmunot her apy or active i mmunot her apy, t he
devel opnent of cancer vacci nes.

A daunting problem as we attenpt to
translate this into human trials, the nunber of
possibilities are staggering. W have multiple
antigens, nultiple ways to immnize wth peptide,
pr ot ei n, DNA, a variety of viruses, mul tiple
adj uvants, routes of admnistration, and obviously
very careful selections have to be nade.

Based on animal studies, Dr. N chol as
Restifo in the Surgery Branch and his group have
over the vyears perforned extensive analyses
attenpting to determne the general principles in
animal nodels to use for human vaccination. | won't
present any of his data, except to present the
principles that we've used to try to determ ne how
we approach this.

In general, based on animl nodels,
i muni zations nost effective in generating reactive

T cells and nost therapeutically effective as we
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| ooked at nultiple cytokines, IL-2 and IL-12 turned
out to be the nost effective analogues to use with
I mmuni zat i on.

The nore i mmunogen we give, the better.
Extending the | ength between immuni zations seens to
be i nportant, as wel | as repeat ed boost
i mmuni zations with different vehicles containing the
sane antigen to avoid immunization to the vehicle
itself.

Now, we've now treated over 280 patients
with these different approaches, using adenovirus
t hat encodes MART-1 or GP-100, supplied to us by the
Genzinme Corporation, very close collaborations with
the Thereon Corporation, providing to us a QW
virus, vaccinian fow pox virus encoding these
genes, and studies with these products are very nuch
ongoi ng.

|"d |ike, however, in the remaining few
m nutes to tal k about our peptide studi es because as
of right now, these appears to be the best ways to
i muni ze  humans  agai nst these gene products,
al though the viral studies are very actively being
pur sued.

One of the problenms we believe we have

in sone of these viral studies that attenpt to use
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viruses for immunogens is the problemwth the fact
t hat nost humans have neutralizing antibodies
agai nst adenovirus, and we need to find ways to
overcone this.

W're now looking at ways to use
adenovirus to infect dendritic cells. Simlarly,
with pox viruses, patients have high titers of
anti body agai nst vaccinia, but not against fow pox,
and so we're enphasizing in our current study the
intravenous admnistration of very high |evels of
anti-fow pox antibody to inmunize patients in these
st udi es.

The nost successful inmunizations that
we' ve achieved thus far, however, have been in
patients receiving peptides, the imunodom nant
peptides from these proteins, and, in general, our
best results have been obtai ned when we use peptides
that have am no acid nodifications that inprove the
bi ndi ng of these peptides to HLA nol ecul es.

Each of the i mmunodom nant peptides we
identified 1is a relatively poor bi nder, an
internmedi ate binder to HLA-A2 for the antigens that
are restricted by A2, and Dr. Mriah Parkhurst, by
| ooki ng at hundreds of different nodifications, has
identified peptides wth specific amno acid
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nodi fications at the anchor residues of the peptides
that can increase binding ten to 50-fold.

W' ve tended to concentrate on the GP-
100 nolecule, and in studies in whhich we've
i mmuni zed patients with a variety of different
peptides, a nine amno acid peptide beginning at
am no acid position 209 that contains a nethionine
substitution that increase binding to HLA- A2.

And when we performthose i muni zati ons,
we can in virtually every patient get a strong
reactivity not only against the peptide, but against
HLA- A2 positive tunors, and an exanple of one such
assay is the follow ng.

If we immunize wth the 209-2M peptide
and inconplete Freund s adjuvant every three weeks
wth two inmunizations and now just take PBMC from
patients, mx wth peptide, and seven to 12 days
|ater sinply ook for reactivity against the peptide
or tunor, we do not see it in patients prior to
i muni zation that are sensitized wwth 2M exposed to
2M peptide in vitro, but now tested against the
native peptide. No reactivity, no reactivity based
on ganma interferon rel ease agai nst tunors.

The patient is highly inmunoconpetent,

can r eact to flu, but after t wo in vivo
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i muni zati ons, when we now | ook at the sinple ten-
day assay in vitro, we get very high reactivity
agai nst the imuni zing peptide that also translates
into very high reactivity against the A2 positive
tunors, but not A2 negative tunors.

When we imunized eight patients wth
the unnodified peptide, only two showed evidence of
weak i mruni zati on. Wen we wused the nodified
peptide, and | won't go into nore detail because
we' ve just recently published this a few nonths ago,
ten of 11 patients showed strong reactivity to the
i mmuni zi ng peptide, as well as to tunor. And we
have, therefore, concentrated our efforts on these
nodi fi ed peptides as cancer vacci nes.

One can by a whole variety of assays,
ELI SPOT assays, limting di lution assays,
denonstrate this imuni zation as well. W can never
detect by limting dilution reactivity at the limts
of the assay, one in 30,000 frequency imune T cells
agai nst peptide or tunor prior to inmunization.
However, post immunization reactivities are in the
one to three to 6,000 range. This would be the sane
precursor frequency that one wuld have after

clearing the body of a natural flu infection.
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And so it is possible to highly immunize
patients. The problemis the in the face of all of
these ~circulating precursors, we saw no true
obj ective responses. W saw individual tunors
di sappear, but no patient that showed the strict
criteria of an objective response until we then
added Interleukin-2 to those individual peptide
i mmuni zations, and then in our pilot trial of 31
patients, 42 percent showed an objective regression
conpared to the 15 percent or so that we normally
see with IL-2 al one.

W saw no increased activity when we
gave these peptides with IL-12 or Gw CSF.

There's not a random zed trial, but if
we | ook at 182 patients that we treated with IL-2,
our response rate was 15 percent. If we |ook at
patients who are sinultaneously being treated with
reconbi nant virus along with the sane |IL-2 reginen,
12 percent. This 42 percent appears to be up to
three tines higher as a result of the 2M peptide
vaccination, but this requires a random zed trial to
see if this is, in fact, correct.

The Cytoki ne Working G oup is | ooking at
209-2M in conjunction with IL-2 to treat patients,

and a Surgery Branch fellow extranural trial being
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run by Dr. Schwartzentruber should be initiated
soon, which will conpare Interleukin-2 treatnent to
Interleukin-2 treatnment with this peptide to see if,
in fact, that provides effectiveness.

I'd like to show just sonme anecdotes,
realizing they are anecdotes, that denonstrate sone
important principles of this treatnent.

Patients that were treated in this trial
showed with peptide al one, showed inflammuatory areas
around their subcut aneous deposits and nmany
di sappeared, but sone woul d appear at the sane tine,
and we saw no objective responses to that.

Patients that did have responses to the
2M peptide plus IL-2, such as this patient who had
hundreds, if not thousands, of I|esions, including
ones growing out of her cornea, had a conplete
regression, and as these | esions di sappeared, so too
were destroyed the normal nelanocytes surroundi ng
t hese | esi ons.

"1l finish in another mnute and a
hal f .

(Laughter.)

DR. ROSENBERG For the first tinme we

saw |l esions in the brain disappear, sonething we had
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never seen with Interleukin-2 alone, as we see with
these two | esions showi ng this shrinkage, as well.

And in this patient, this brain
nmet ast asi s has di sappeared conpletely.

| would close by just nentioning the
trial we now have ongoing, and that is instead of
using a single peptide for 1imunization, we're
immunizing with four different peptides, two from
the GP-100 nol ecule, one from MART-1 and one from
tyrosi nase, and now for the first tinme in our first
16 patients treated with these four peptides in the
absence of IL-2, we're seeing responses to peptide
al one, such as in this patient now who's had a quite
extraordinary response of these lesions to peptide
alone in the absence of |IL-2. You can see
di sappearance of these, as well as in the posterior
t hi gh.

And in this final patient 1'Il show
recei ving peptide alone who had |lung | esion go away;
liver lesions disappear with these four peptides;
and intraperitoneal lesion as well as this |arge
intranmuscular lesion in the thigh. This patient
went on to a conplete response and then devel oped
vitiligo as these lesions were disappearing wth
this peptide inmunization.
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Can | have the lights on pl ease?

And so we're continuing our studies
attenpting to imuni ze not only agai nst peptide, but
agai nst viruses encoding specific nolecules that
hopefully can be devel oped as successful targets for
I mmuni zat i on.

well, thank you for your very kind
attention.

(Appl ause.)

DR SIEGEL: Thank you.

There's been a m nor change in program
The next two speakers have sw tched positions. So
our next speaker and | ast speaker before |unch break
-- 1s that correct? -- is Dr. Jeffrey Wber of the
University of Southern California and the Norris
Conpr ehensive Cancer Center speaking about his

experience wth imune responses to peptide pulsed

vacci nes.

Thank you, Dr. Weber.

DR. WEBER  Boy, talk about a tough act
to foll ow

(Laughter.)

DR. WEBER  Based on the inmune tour de
force that Steve talked about, as well as very

el oquent data generated by Cass Milief and Tiery
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Boone, I'm going to talk to you a little bit about
sone peptide trials that |I've done at USC- Norris.

And if we can have the first slide.

I'"'m going to talk to you about tunor
antigen peptide based therapy both in nelanoma and
in HPV induced preneopl asia, and basically there are
a lot of good and bad things about peptides, sone of
whi ch Steve has already alluded to.

The good news is that peptide vaccines
for cancer, well, they're not toxic. They' re cheap.
Clearly he's shown and others have shown that they
can induce imune and clinical responses.

The bad news is that not all patients
have the correct haplotype if you have a single or
even several peptides. Cinical responses in
patients with netastatic disease, nostly nelanons,
are uncommmon. The ugly news is that
there's clear evidence that there is i munosel ection
that occurs in vivo, and that can cause resistance,
and Cass Malief and Martin Cast have shown that sone
pepti des can even be tol erogenic.

The hope is that multiple peptides with
potent adjuvants and potent cytokines wll Dbe

ef fecti ve.
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As we've heard, MART-1, GP-100, and
tyrosi nase are all found in nelanomas, and they are
neoanti gens. They are normal antigens found on
mel anocyt es.

You can induce i nmune responses to these
normal antigens in patients wth netastatic or
resected disease. MART-1 specific T cells are
prom nently found in blood or in tunmor infiltrating
| ymphocytes, and as Steve Rosenberg inplied, GP-100
TIL have been found to be therapeutical.

VWat we did at USC-Norris was to take
the MART-1-27 to 35 nononer, that peptide wth
inconplete Freund's adjuvant, and we took the
nononer which has been found to be an inmmunogenic

peptide in vitro in work done by a nunber of

i nvestigators. It's also been found to be
I mmunogenic in vivo. It's been found to be wel
t ol er at ed.

And the question that we asked was:
will patients wth resected Stage IIl and 1V
mel anoma at a high risk of relapse nount an inmune
response to MART-1, and nore inportantly, wll the
i mmune response correlate with tinme to relapse as a

clinical endpoint?
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The schema was very straightforward. It
as a Phase | trial with cohorts of three or nore
patients who got 300, 1,000, or 2,000 mcrograns of
the peptide with inconplete Freund' s adjuvants.

We gave them four injections three weeks
apart subcutaneously, and the objectives of this
typical Phase | trial were toxicity and did we
generat e i mmune responses.

We also skin tested with peptides. e
did | eukophoreses on all the patients to collect
their peripheral bloods, and that was done prior to
and after the series of vaccinations.

This was not toxic, as one m ght expect.

e saw very transi ent, non-t her apy rel ated
t hronbocytopenia in one patient. The sane patient
also had a low white count. These were trivial

toxicities. The vast majority of patients had sone
| ocal pain and granuloma formation, but both the
investigator, i.e., nme, and the patients agreed that
this was therapy that was well tolerated.

In this slide, which is probably a
little difficult to read at a distance, it shows the
i mune assays that we did, and these imune assays
are based on nultiple restimulations of the

patient's peripheral blood nononuclear cells three
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times, done three weeks in a row, and then a
cytoki ne rel ease assay using gamma interferon ELISA
as the readout was used as the immune response
i ndi cat or.

And it shows pre and post, pre and post
in order for 22 patients that we had phoresis
sanples on. W treated 25 patients. Three of them
coul d not be phoresed due to access problens, and it
shows in yellow -- and this just shows T-2 cells
that are not pulsed with peptide; T-2 targets that
are pulsed wth MRT-1; or 624 ML cells that
express the MART-1 antigen and are HLA- A2 positive.

It shows that you get boosting that is
an increase of at I|east 100 picagrans per nL of
gamma i nterferon post conpared to pre in ten, if you
can count them in yellow, out of the 25 or out of
t hese 22 patients.

Wat we also did was to do cross-
specificity assays, which | didn't show on that
slide. It would have been nuch too conplicated, and
what we did is we wuld take the sanples of blood
from these patients after vaccination, and we would
stinulate them with either the flu matrix peptide,
which virtually all of them should respond to, or

with the MART peptide, and then we would crisscross
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t hem and ask whether there was reactivity by the flu
stinmulated cells to MART, which there should not be,
and by the MART stinulated cells to flu, which there
should not be, but the flu stinulated cells should
show a response pre and post. Hopeful |y the MART
shoul d show an augnent ati on.

And in this patient, who was an inmune
responder, there's no question that in the cross-
hatched areas there was a flu specific response pre
and post. In the flu stimulated cells there was a
trivial MART response. Pre, there was no MART
response against MART stinulated cells, but a very
ni ce response here post vacci nation.

In a patient who was not a responder,
nice looking flu reactivity, suggesting that the
patient was imrune conpetent against flu, but no
evi dence of any reactivity against MART, suggesting
that the patient was a nonresponder.

And these are the kinds of assays we've
performed for all of the so-called responders and
for nost of the nonresponders.

In addition, in patients who have
cytoki ne rel ease al so have chrom um rel ease, again,

much hi gher backgrounds. This just shows post MART
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specific cytolysis. This is the post control, pre,
pre. So there was sone augnentation here.

Anot her patient who was a responder by
cytokine release had post MART-1 vaccination,
i ncreased cytolysis here conpared with control, and
again, this is pre conpared with control. So if you
subtract this fromthis, obviously there's al nost no
background, and there's some significant activity,
although with a background against a nonspecific
target, post.

So those are the kinds of data we
generated, and the question was: was there any
evidence in this very small trial of only 25
patients of whom 22 actually had assays avail abl e
was there any evidence that there was clinical
benefit that correlated with the imune response
i ndi cat or?

The nedian followup is 16 nonths. N ne
of the 25 patients who had Stage Il and |V disease
have rel apsed. Three have di ed.

For those patients who had an ELISA
response greater than 100 picogranms per nL as a
continuous variable, we found that there was a P

val ue for association or correlation of relapse free
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interval, or relapse resurvival, with a P value of
. 003 based on a Cox proportionate hazard nodel .

And, again, | don't nean to overplay
t his. It's a very small trial. W only had 22
patients with inmmune response data, but the bottom
line is if you had a very good ELI SA response, those
are the patients who are alive NED. Al of the
rel apsers had either no or a |esser response, and
that's just a hint that there may be sonme value to
this i mmune response assay.

Concl usi ons. | mmune responses by ELISA
in ten of 22 patients. W saw 12 of 22 who had
positive DTH for the MART peptide, but only three of
11 correlated wth the ELI SA

Meaning of the DITH to ne was unclear.
Again, nine of 25 relapse with three deaths. The
toxicity was mnimal. The correlation, there was
certainly a hint of sonme beneficial effect, but that
remains to be seen in followup trials.

Let ne quickly switch gears, and then
we'll go on to an inportant question based on sone
data we've heard before, and again, a strong
rationale to be asking questions about peptide
pul sed dendritic cells as an i munogen was that data

froma variety of labs, including Mke Lotze whom we

SAG 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

151
heard yesterday, suggested that dendritic cells were
potent antigen presenting cells.

There is also data froma nunber of | abs
suggesting that you could grow dendritic cells in
| arge  nunbers derived from peripheral bl ood
mononucl ear cells by the expedience of wusing IL-4
and G\t CSF, setting up a hypothesis that potentially
tumor antigen peptide pulsed dendritic cells could
i nduce potent antitunor i mune responses and
hopefully a clinically beneficial effect.

So our goal in a trial that started
about a year ago was to treat up to 20 patients with
Stage IV nel anoma with neasurable disease with up to
100 mllion dendritic cells derived from peri pheral
bl ood nononucl ear cells, pulsed wth nultiple
peptides from nel anoma anti gens.

We set out in the classic Phase |I style
to evaluate the toxicity, whether there were inmune
responses, and since we chose patients deliberately
who had sone neasurabl e di sease, we would be able to
| ook at clinical responses.

And the overall goal was to refine
techniques for the generation of |arge nunbers of

potent immune stinulating dendritic cells.
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Denogr aphi cs. So far 11  patients
treated. W just accrued the 12th, and that's about
a patient a nonth over the last year. Four of them
have actually had four cycles of dendritic cells.
Typi cal patients for our population, five wonen and
Si x men.

Everyone had visceral disease. They
were all HWMB-45 positive because that's the antigen
that is actually -- that's the antibody that
actual ly recogni zes the GP-100 anti gen.

Several of them actually had never had
systemc treatnent, and two of them actually had
ocul ar or choroidal nelanoma prinmaries.

The schema, very straightforward. As
Steve di scussed, we used the GP-100 210M substituted
peptide and the tyrosinase 370D substituted peptide,
whi ch are found to be i nmunogeni c.

This was a Phase | trial wth two
injections of dendritic cells given intravenously

two weeks apart, starting at ten to the seventh

cells, noving on to ten to the eighth or, if
possible, if practical, three tinmes ten to the
ei ght h.

The endpoints initially were toxicity

and inmmune response. W did a |eukophoresis with
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skin testing just prior to the first infusion, and
then four weeks after the second infusion, and
patients, if they responded, we asked if they could
be retreated.

And again, they were not toxic as one
m ght expect. No irreversible Gade IIl and no
Grade 1V toxicity. No change in any hematol ogic or
chem cal paraneter related to therapy.

One of the patients who got three tines
ten to the seventh cells had sone pretty inpressive
nmyal gi as and arthral gias for several days after both
of the infusions.

One patient had high fevers and fatigue.
W called that transient Gade IIll toxicity, but
overall the investigator and the patients agreed
that these peptide pulsed dendritic cells were well
tolerated in general.

The schena. W ficolled t he
| eukophoresed PBMC. They were adhered to plastic as
inplied by Ral ph Steinman and Jacques Bancher eau.

We then renoved the nonadherent cells,
and the adherent cells were grown for eight days in
AlMYV serumess nedia with 1,000 units of IL-4 and
GVt CSF. Twenty-four hours prior to harvest, we

added peptides in separate aliquots to the cells,
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and on day nine we harvested the cells, and actually
we irradiated the dendritic cells prior to their
adm ni strati on.

They were put in a transfer bag wth
sone albunmen to stabilize them and intravenously
i nfused over 15 m nutes.

W did gram and fungal stains. W did
the usual QA/ QC things. For exanple, bacterial and
fungal cultures were sent as they were infused. W
did endotoxin nycoplasna assays in cultures, and we
| ocal |y devel oped all of our SOPs and performed this
in a dedicated roomat our cancer center.

And, again, as other people have shown -
-1 won't harp on it -- in forward and side scatter
these are very large cells in general that are HLA-
DR positive. If you gate on the large cells,
they're predom nantly CD-86 positive in our hands;
again, DR positive; CD-54 and CD 58 positive.

And, again, our cells are sonewhere
between an inmmture and a mture dendritic cell
because they are relatively CD 83 positive.

And again, yields in phenotypes. The
bottomline is on the bottomline, and | would just

| ook at the yellow bottom Iine. Qur cells turned
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out to be across the board about 50 percent
dendritic cells.

And again, one can argue over Wwhat
defines a dendritic cell, but it's a cell that we
called CD 14 negative, 58 positive, 86 positive, DR
positive, and if you average these together, you
came up with about a 49 percent purity.

The wviability of our cells, and this
just describes how many we infused, when we nade

them fresh we then froze an aliquot and infused the

frozen and thawed aliquot two weeks |ater. The
viabilities here were 85 to 90 percent. Here the
viabilities were sonewhat |ess. They were, of

course, frozen and thawed cells.

And the bottom line in ternms of the
I mmune responses, this is an ongoing trial and so
far we've | ooked at five patients. Peter Lee, who
will talk later, is looking at the tetranmer assays.

We're doi ng t he sanme ki nd of
restinmul ated PBMC cytokine release assay that was
done for the MART trial. So far only one of five
patients has had any evidence of inmmune reactivity.

Again, cytokine release against flu,
meaning that the patient is flu conpetent, against

GP- 100 suggesting that there is evidence of boosting
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agai nst GP-100 pre as opposed to post, and sonewhat
weaker boosted immunity against tyrosinase, again,
pre as opposed to post, and these are all T-2 cells
pul sed with the appropriate peptides, either none
flu, GP-100 or tyrosinase.

This turned out to be a patient who has
had evidence of tunor aggression, by the way, and
continues to be treated, and this just shows you the
usual anecdotal patient. The fifth patient or sixth
patient in the trial actually had nultiple pul nonary
nodul es and was a partial responder after cycle one
of the dendritic cells. That just shows a pul nonary
nodul e on the left side going away, gone.

She also had a very snmall nodule down
here, difficult to nmake out, there, there, gone.
That, by the way, for the nonclinicians is the top
of the right diaphragm

The patient also had another pleural
plague that was about four <centinmeters that
di sappeared after the second infusion, and this is a
patient who actually seens to be a conplete
responder after the second cycle of dendritic cells.

And, of course, in answer to the usual
gquestion, it's a patient whose <cells we have

coll ected both pre, post cycle one, post cycle two.
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| honestly will not know the answer to the immune
assays for another week or two.

This is another patient, actually the
first patient we treated, who had very indistinct
| ooking liver lesions that were biopsied positive
for nelanona. He had multiple |esions. Most of
t hem shrank down significantly. He was about a 48
percent regressor. So he just mssed being a PR
He was scored as an MR or a mninmal response.

dinical results. El even patients
treated at varying and increasing doses for two
i njections each. Two patients had mnimal tunor
regression, not quite neeting the criteria for PR

One CRwith multiple lung nets. El even
are alive, ten wth disease. We've done DTH
testing. No one has responded to GP-100 and
tyrosi nase. Everyone has had a positive DIH control
to candid. or nunps.

W have seen evidence of augnented
immunity by ELISA only in one patient. this one
patient just happened to be a patient with multiple
lung nets. who has had a m ni mal response.

We'll get nore data about the patient
who had the conplete response in the next couple of

weeks.
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Qur plans for the future involve using
CD-40 ligands to now activate the dendritic cells
and hopefully make them better antigen presenting
cells, which can be shown in vitro.

We'll be working with Jim Mile also to
utilize low doses of [1L-2 as an adjuvant post
dendritic cell infusion based on sone of the nice
work that he's done and has already presented this
nor ni ng.

Now, in the last couple of mnutes |et
me very quickly switch gears and finish up. W' ve
al so perfornmed a peptide trial in patients who have
HPV i nduced preneoplasia, and again, as soneone
mentioned previously, this is an excellent tunor
specific antigen as opposed to a neoantigen, which
is nost of what the nelanoma antigens are.

HPV-16 and 18 are inplicated in the
majority of cases of high grade cervical and vul var
i nterepithelial neopl asi a, which is a clear
precursor to cervical cancer. As we've already
heard, they encode E-6 and E-7 transform ng proteins
whi ch contain i mmunodom nant peptides restricted to
HLA- 2. 1.

There are a nunber of peptides that

Martin Cast, Cass Malief and others have shown can
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be used to generate specific CIL ex vivo. The
rationale for our trial is that nost cases are 16,
18, 31, 33, 45 positive.

Si nce t he hi gh gr ade HPVs wer e
inplicated in causing high grade CINVIN, then
hopefully if we could vaccinate patients using
peptides from HPV E-7 we mght resolve or prevent
viral infection, and that wuld be a strategy
potentially to prevent cervical cancer.

And the idea was to immunize against
HPV-16 E-7 to generate a T cell response and ask
whet her we could elimnate the virus.

And, again, very sinple schenma. e
chose wonen with high grade CIN or VIN, which is
vul var interepithelial neoplasia. They had to be
HPV-16 positive by a sensitive PCR assay, and of
course, HLA-2 positive.

We gave four doses of an HPV E-7 12 to
20 peptide vaccine with inconplete Freund s adjuvant
prior to their definitive therapy for their CIN VIN
So we delayed their definitive therapy by four
mont hs, and we gave doses at 100, 300, 1,000, and
2,000 mcrograns every three weeks tines four.

We actually had, courtesy of the NH,

the E-7 86 to 93 I|ipopeptide available, and that
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began to be added after patient nunber 11, and,
again, now we have a clinical endpoint or at |east a
clinical surrogate. W have disappearance of virus
as an endpoint. W have again the famliar inmune
CTL response assay, and now we have anot her clinical
endpoi nt, regression of dysplastic |l|esions by
bi opsy.

And we've seen, again, mniml toxicity,
one patient with local pain. It's really been
again, according to investigator and patients, very
wel | tolerated vaccine therapy.

And, again, these are the immunol ogic
assays. W've actually treated nore patients. It's
really nore of the sane. So | only show you the
ki nds of cytokine release assays that | showed you
bef ore. They're grouped in pre/post pairs,
pre/ post, pre/post.

| f you look at this colum here, it just
shows the flu. Virtually all of the patients were
flu conpetent.

If you ook at this colum, and | won't
bel abor the point, it shows that of the first ten,
six of them had evidence of boosted imunity.

Typi cal patient here, here, et cetera.
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We've done 12 patients' inmmune assays.
Seven of the first 12 had evidence of boosted
immunity, but to end up what we found is that when
you | ook at viral clearance, there was not a clear
correlation between the inmune response assays and
the clearing of virus.

There is also not a clear correlation
between the imrune response assays and pathol ogic
clearing of the lesions which occurred in three of
t he patients.

To our surprise, we sent PBMC to Martin
Cast and found again, surprisingly, that TCR zeta
chai n expression was severely reduced in the PBMC of
these patients, and again, a very surprising
findi ng.

Results and conclusions fromthis tria
to end up. So far we've treated 15 patients. e
just added 16 and 17 this past week. Three our of
12 have conplete disappearance of their |esion.
Seven out of 12 had increased E-7 specific inmmunity
by chromium and we've confirnmed this or by cytokine
and we've confirmed this wth chromum release
assays.

Seven of the 12 had di sappearance of the

virus by PCR assays for up to six nonths. There was
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no clear-cut correlation between the disappearance
of virus, the disappearance of the |esion and these
I mmune response assays. It's not been toxic, and no
one has progressed to invasive disease, which is an
i nportant thing to neasure.

Concl usions overall based on snapshots
from three clinical trials. Yes, you can neasure
boosted antigen specific immunity by doing cytokine
rel ease assays. These are very difficult assays to
do. They're | abor intensive. They're hard to
reproduci bly quantitate.

There's a smdgen of evidence from the
initial MART trial that there's a correlation
bet ween the post vaccine ganma interferon rel ease as
a continuous variable and the favorable clinical
effect of relapse resurvival.

This is not an assay that's ready for
prime tinmne. | think the overall over arching point
is that we need to cone up with a better i mmne
assay where there's a clear <correlation to a
beneficial <clinical effect. | do not think we
shoul d devel op i nmune response assays in a vacuum

Finally, let me conclude by thanking ny
col | aborat ors: my group of technicians, ny data

managers and research nurses, nmy GYN oncol ogy
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col | eagues, Mario Sznol from CTEP, Jay G eenblatt,
Jan Morgan who made the peptides available, and Mary
El | en Rybak, who's | believe here from Schering who
kindly nmade available IL-4 and GWCSF for the
dendritic cells.

Thank you.

(Appl ause.)

DR SI EGEL: kay. We're now breaking
for lunch. I'd like to stick with the time for
reconvening at 12:30. So |I'd ask you to try to eat
expeditiously. W'Il|l start up again on schedul e at
12: 30.

(Wher eupon, at 11:46 a.m, the workshop

was recessed for lunch, to reconvene at

12:30 p.m, the sane day.)
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AFTERNOON SESSI ON

(12:33 p.m)
DR. LEE: Good afternoon. I'"'m Peter
Lee, and I'm a Fellow at Mke Davis' lab at

Stanford, and it's a real honor for nme to be
speaki ng t oday.

In the next few mnutes, 1'd like to
tell you about a new way of studying antigen
specific T cells that could be particularly useful
for nonitoring the immune response to cancer
vacci nes.

In this neeting we've heard a lot of
exciting dat a about di fferent vacci nation
approaches. However, so far no strategy has given a
100 percent response rate, and why sone patients
respond while others don't to the sanme inmune
intervention remains largely a black box.

The nore that you can understand what's
going on inside this black box, the nore quickly you
can devise Dbetter vaccination strategies. The
i nportant questions include not only what is the
magni tude of the response, the quantity, but also
the quality of the response. VWat are the
functional characteristics of the cells? Are the
cytolytic in vivo?
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VWhat are the phenotypic characteristics?
What surface markers do they express? What
cyt oki nes do they secrete? And what is the tenporal
dynam cs of the response? Do the cells cone up
qui ckly or disappear quickly or do they conme up
gradual |y but stay hi gh?

These are paraneters that are inportant
for cancer chenotherapy. So it would nmake sense
that they would be inportant also for cancer
i mmunot her apy.

The current nmet hods of getting
antigenic T cells mainly include the LDA, limting
dilution analysis, and ELISPOT. Now, these nethods
mai nly address the quantity of the response and not
really the quality. They're both sensitive and
specific, but they're also labor intensive and tine
consumng, making it difficult to screen a lot of
patient sanples at nmultiple tinme points.

In addition, the LDA detects only those
cells that remain proliferative and cytolytic in
vitro and, therefore, could mss a lot of cells that
for whatever reason don't proliferate in vitro, and
in fact, a nunber of recent studies have shown that
the LDA underestimtes the true nunber of antigen

specific cells by anywhere between ten to 50-fold.
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Li kewi se, ELISPOT detects only those
cells that secrete the cytokines that you' re | ooking
for and, therefore, could mss cells that either
secrete cytokines that you didn't expect or just
don't secrete cytokines at all.

And so if you're using solely these two
methods to nonitor your inmune response to your
vaccine, you nmay be getting a gross under estinate
of the true picture.

A very inportant point is that both of
these nethods don't allow further analysis of
antigen specific T cells. You can't use them to
isolate these cells out and study them further to
understand the biological activity properties, and
because both nethods require significant in vitro
stimulation which could otherw se activate or alter
these cells in vitro, they don't tell you what's the
native in vivo state of these cells in the patients,
whi ch could be a very inportant question to ask when
you're nmonitoring your clinical trial

So what can you do to nmke it better?
Vell, we know that the T cell receptor binds to MHC
pepti de nol ecul es. So is it possible to nake
soluble MHC peptide nolecules to stain antigen

specific T cells through the T cell receptor?
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It turns out that this interaction has a
fairly low affinity, approximately 1,000-fold | ower
than anti body antigen interaction. So if you were
to make soluble WHC peptide nol ecules, they would
sinply fall off during the wash and you woul d get no
st ai ni ng.

John Altman, a previous postdoc. in our
lab who's now at Enory, found a creative solution
He engineering a biotinylation signal peptide at the
end of the MIC nolecule which allows vyou to
biotinylate the WMHC and by adding avidin, you can
then bring forward these nonomers together into
tetraneric conpl exes.

These conpl exes can engage two or three
T cell receptors sinultaneously, thus greatly
increasing the avidity of the interaction and making
st ai ni ng possi bl e.

Very briefly, the way that t hese
reagents are made is that the beta-2-mcroglobulin
and the MHC nol ecules are synthesized in E coli
The peptide of interest is synthesized by a machine,
and these are mxed together in a folding reaction
whi ch goes over three to four days.

At the end of this, a very snall

fraction will be properly folded in a trimaric
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conplex. They are biotinylated with the enzyne VRA
and then extensively purified using FPLC and nono-Q

At this point you add avidin at the
correct nolar ration to bring these together into
tetrameric conplexes, and by wusing avidin that's
directly conjugated to different fl uor ophores
(phonetic), such as PE or APC, you can use these as
stai ning reagents for FACS anal ysis or sorting.

There are certain limtations to this

approach. First of all, it requires you to know the
exact peptide target. However, in cancer vaccines,
that may not be such a big limtation because

oftenti mes your vaccine is your peptide target.

Tetraners do require a fair bit of
experience to make, and therefore, they're not
wi dely available yet, and the sensitivity of this
method is limted by the sensitivity of FACS
analysis, and we've gotten our limt of detection
down to approximately .02 to .01 percent, or
approxi mately one in 10,000 cells.

So now let nme show you a few brief
exanples of what you can do with the tetraners,
| ooking at patients wth nelanoma and cervical

cancer.
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In coll aboration with Jeff Weber at USC,
we've | ooked at sonme patients wth cervical cancer
who were vaccinated wth the human papilloma virus
E-7, 12 to 20 peptide. Here are exanples of two
patients that responded i mmunol ogically.

On the X axis is CD-8 staining that were
gating around CD-8 positive cells. On the Y axis is
staining wwth a tetraner, which is nade of HLA-A2.1
in association wwth the E-7, 12-20 peptide.

Pr evacci ne, bot h patients had
essentially no tetraner staining cells. Qur
background is .01 percent or |ess.

Thirty days post vaccine, Patient A had
a significant increase in the tetraner staining
cells to .21 percent of CD-8 or approximtely one in
500.

Patient B had a nuch nore subtle
response, representing only about .03 percent of CD
8s. However, you can see that this population is
quite distinct and discrete, making this data fairly
bel i evabl e.

| should say that in talking to Jeff
that neither of these patients had any clinical
response to the vaccine, suggesting that the nere

appearance of peptide specific T cells may or may
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not be sufficient, and so we're in the process of
sorting these cells out and further analyzing their
bi ol ogi cal characteristics to understand why they're
not doi ng the job.

Not only have we found evidence for
potentially tunmor reactive T cells in vaccinated
patients, but we've also found them in sonme non-
vacci nated patients. This is an exanple of a
patient wth netastatic nelanoma prior to any
t herapy or vacci ne.

We've stained this patient's PYMC with a
panel of three different nelanoma tetramers nade
w th MART-27, GP-100-154, and Tyrosi nhase-368, and we
f ound a very prom nent t yrosi nase specific
popul ation in this patient, representing over two
percent of all the CD-8 cells.

Remind you again that this patient is
conpl etel y unmani pul ated, no vacci nes.

This patient also did not have any
evidence of vitiligo to suggest that this is sonehow
a coi nci dental autoi mune process.

In addition, this patient had a smal
EBV, Epstein Bar virus, specific popul ati on

representing about .2 percent of the CD-8 cells.
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One inportant thing that we can do with
a tetramer is conbine it with a lot of different
anti bodies to know what are the other markers that
are being expressed by these antigen specific T
cells. We've stained this patient's cells with a
panel of anti-human V-beta antibodies, and we've
found that of all the patient cells that stain with
the tyrosinase tetraner, they all stain with a
single V- bet a ant i body V- bet a- 20, strongly
suggesting that this population is nonoclonal at
| east with regard to V-beta.

In collaboration with Mari o Rhoederer at
Stanford, we've coupled the tetranmer nethodol ogy
with a nine color FACS system which really allows
us to l ook at a whole host of different markers that
are being expressed by these cells to get a very
conplete picture of the phenotypic characteristics
of the cells.

And so far we've |ooked at over 30
different surface and intracellular markers that are
bei ng expressed, including markers |Iike CD-45 RA and
RO, which help delineate the T cell subsets,
activation markers, such as CD-38, and other

mar kers, such as the NK marker CD- 16.
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One of the cool things we can do is
directly conpare two different antigen specific
popul ations from the sanme patient sinultaneously,
and showing here at the tyrosinase specific
popul ation and the EBV specific population, and it
turns out t hat they're very di fferent
phenot ypi cal | y.

Wer eas t he t yr osi nase specific
popul ati on expresses CD-45 RA but not RO the EBV
popul ati on was the reverse. They express RO and not
RA, which is a nore classic pattern for nenory T
cells.

The t yrosi nase specific popul ati on
expresses |low | evels of the activation marker CD 38,
whil e the EBV popul ation does not, suggesting that
this population may be partially activated in vivo.

And interestingly, this popul ati on
expresses low levels of the NK marker CD- 16, which
suggests that these cells may have sonme NK-Ilike
properties or that they're NK-like T cells.

Another very inportant thing that we
could do is isolate by sorting these two popul ati ons
i ndependently and directly assay them for the

cytolytic activity wi t hout any in vitro
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mani pul ati ons. The EBV population had strong
cytolytic activity agai nst peptide pul sed targets.

The tyrosinase specific population was
conpletely noncytolytic against ei t her pepti de
pul sed targets or mel anoma  targets, strongly
suggesting that this population is noncytolytic in
vivo, and this may be the explanation why the
patient's nelanoma progressed despite the existence
of this large, potentially tunmor reactive T cell
popul ati on.

And this, | think, is a particularly
inportant point for this audience because so far
probably the main goal for cancer vaccination has
been to elicit a tunor reactive CTL response, but
this data strongly suggests that having this
popul ation nmay or may not be enough; that you al so
have to make sure that this population maintains its
cytolytic activity, kind of |like what Dr. Banchereau
sai d yesterday. It would be |like these crocodiles
turning back into zebras in vivo.

And potentially there may be a nunber of
theoretical reasons why tunor cells nay be able to
change the phenotype of tunor reactive T cells in
vivo, and | think that could be a very inportant

point for future vaccination approaches.
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Because this method is relatively easy
to do, we're able to study multiple tinme point in
this patient to get a sense of the tenporal dynam cs
of the response.

This patient was treated with a total of
four cycle of chenotherapy as indicated by the
arrows for nmnmetastatic disease. This popul ati on
dropped precipitously after the first «cycle of
chenot herapy and remai ned very |ow throughout, even
wel | after the chenotherapy was di scontinued.

VWhat's not shown on this slide is that
the EBV population did not change at all wth
chenot herapy, suggesting that these two different
antigen specific T cell populations have different
sensitivity to chenotherapy in vivo.

This could reflect the fact that the
potentially tunor reactive T cell population is nore
active in vivo and, therefore, nore susceptible to
the effects of chenot herapy, or that sonmehow they're
primed for the apoptosis pathway.

So in summary, the tetramers offer a
nunber of advantages that could be very useful for
nmonitoring inmmune responses to vaccines. First of
al |, it doesn't require the cells to remain

functional in vitro and, therefore, gives you a nuch
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nore accurate enuneration of the total nunber of
antigen specific T cells, and you can also get a
sense for what percentage of those <cells are
functional or not functional.

It allows you to directly isolate these
cells by sorting so that you can further analyze
them and also you can expand them in vitro for
adopti ve i mrunot her apy.

You can couple the tetraners with a
whol e host of different antibodies, both surface and
intracel | ul ar mar ker s, W th mul ti - col or FACS
analysis to get a nmuch nore conplete picture of the
phenotypi ¢ characteristics of the cells.

And finally, because it's relatively
easy to perform it allows you to quickly screen a
| arge nunber of patient sanples at nultiple tine
points to get a sense for the tenporal dynam cs of
t he response.

So going back to the black box that |
originally posed for the beginning, you know, you
have your vaccination strategy, and you have
clinical response. The tetramer is really going to
be a very useful nethod to start dissecting out
what's inside this black box, to understand what are

the imune characteristics that Ilead to good
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clinical outconmes, and then to screen different
i mmune strategies that could elicit those desirable
I nMrune responses.

| just want to acknow edge Mark Davis,
my Pl and nentor at Stanford; Mario Rhoederer, who's
a real FACS whiz at Stanford, who hel ped devel op the
nine color FACS system Cassian Yee and Phi
G eenberg at Seattle, who are very cl ose
col l aborators for wus; and Jeff Wber at USC, who's
coll aborating with wus to study the different
vacci nation approaches that he told you about
earlier.

Thank you.

(Appl ause.)

DR SZNOL: Thank you, Dr. Lee. That
was a very el egant talKk.

I'"d like to nove on with the agenda, and
I'"d like to introduce Dr. Kim Lyerly of the Duke
University Medical Center to speak about assays for
monitoring a CEA peptide induced inmunol ogic
response in a dendritic cell trial.

DR LYERLY: Thanks, Mario.

| want to again thank Raj and the
organi zers for really putting together, | think, a

wonderful program and it's a real privilege for ne
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to be here to chat a little bit about the program
and our particular interest in DC based vacci nes.

Could I have the first slide, please?
VWhat I'Il start wth is really to

acknow edge the fact that although I wsh I could be

a dendritic cell evangelist, | guess |I'mnore of an
agnostic right now, and what I'd like to do is
really see what the experinents will show us and

really determ ne what kind of data we can get that
we can elicit T cell responses of a nmagnitude and
durability that we think they may have sone clinica
benefit.

Now, this slide is a cartoon that just
depicts in very sinplistic terns what we all think
may be sonme holy grail, sone «cellular immne
function.

Again, not to belittle the contribution
of antibodies, let's say that there's sonme perhaps
functional activity that's good for us, and what we
have to achieve is a super threshold level of this
functional activity in which, in fact, we'll have a
clinically effective response, and |'m focusing on T
cell responses during ny talk.

VWhat we can see here is that rather than

the sinple enuneration of a digital response, a
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responder versus a nonresponder, we actually have to
perhaps look at the quantitative response and the
durability of these responses because if they are
clinically ineffective, they may, in fact, |ead us
to choose sonething that if further devel oped could
be nore effective.

And what | haven't included in this
slide, which is, again, very, very sinplistic, is
the fact that the magnitude and duration of the
response during active disease or during a period of
effector cell function may be quite different than
the type and magnitude of the response during the
menory cell function

So, again, | think | just want to
highlight that we're really poised to answer a |ot
of questions with sone new technol ogies, but we're
trying to be very receptive and say we're going to
be as unbiased as we can in trying to neasure sonme
of these things.

So what I'm going to do is focus, based
on reading the program and kind of thematically
being consistent with this session, is to |ook at
sone of the post immunization analysis issues that

we think are inportant.

SAG 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

179
The tetramer talk that we just heard, |
t hi nk, was a beautiful description of t hat
technology, and |I think the place that it really is
the state of the art, and | would say that it really
fits into the category of direct analysis of
cellular responses, agai n, in this case the
circulation, where, you know, the phenotype or the
TCR that's specific for that specific peptide can be
guantitated by flow
And there's another type of analysis
that is quite interesting, the imunoscope out of
the Pasteur Institute, and I'll show you sone data
on that.
The other forns of direct analysis that
"Il spend sone tinme tal king about are nore perhaps
functional assays, but they require a stinulation
phase, and again as pointed out, they do alter the
cell that we're trying to neasure, and this is the
Fasti mmune assay that we use, which is a three color
flow based assay that |ooks at intracellular
cyt oki ne expression.
Now, as you can see, |'ve actually
segregated the assays from direct to in wvitro
stinmnulated assays, and | think the in wvitro

stinul ated assays are probably the state of the art
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t oday. They require activation, say, usually
antigen or APCs, and even though dendritic cells may
not be added to the in vitro culture, the fact that
there is a |l ow frequency of APCs within the PBMCs is
probably the APC source here.

Otentines we take days, perhaps to
weeks, of in wvitro stinulation, and often the
unspoken is that there are accessory growh factors
added to these cultures, and they my be
phar macol ogi cal additions of defined cytokines I|ike
IL-2 or IL-7 or [1L-12, or they may actually
represent the fact that CD-4 cells are present.
They're being stinulated and are produci ng cytokines
that are sustaining growh of the antigen specific T
cells.

And then the assays are typically
performed, and again, sonething that's probably
unspoken is the fact that timng of these assays is
critical. If you actually restinulate antigen
specific T cells too quickly after an in vitro
primng, you'll probably reduce the type of response
you get. You may trigger a ptosis rather than
activation or cytokine release and so forth.

So as you might imagine, there's a huge
variety of paraneters just in the in vitro assays
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that require in vitro stimulation, and we are
focusing a lot of energy in trying to avoid all of
t hose by direct analysis.

One of the things that we've tried to
also do is try to cone to sone sense of what's the
magni tude of the responses that we're likely to see
versus the types of responses that we all can form
sone consensus on that are therapeutic, and sonme of
t hose therapeutic responses may, in fact, be T cell
responses against well known pathogens in which T
cell immunity is known to play a role.

So as an exanple, we |ooked at EBV
specific T cell responses, and if we do ELISPOT
anal ysis of the peripheral blood from healthy donors
that are EBV seropositive, again this cartoon
depicts this type of analysis, an ELISPOT that
depicts a circulating frequency of EBV specific T
cells.

And as an exanple, we can actually
gquantitate this wusing 1in this case the EBV
transforned autol ogous B cells as a target cell and
as an APC. They serve that unique role, and you can
see a very nice segregation of those responders.

W can also use this type of analysis,

call ed the Fasti nmune, which is three color flow in
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which we stain in this case CD-4 positive cells that
are CD-69 positive, and we can gauge on TNF al pha or
interferon ganma secreting cells, in this exanple,
and identify populations of cells that are
responding by the intracellular accunulation of TNF
al pha or interferon gamma in a fairly reliable and
reasonabl e fashion

We can also use this formof analysis to
look at CD-8 positive cells, and this is a
popul ation of cells that were stinmulated in vitro
and shown to be cytolytic, and again, analyze where
we see again a population of CD-8s that are cytokine
secreters.

Now, again, this seens very sinple. You
use three color flow, and you use brofeldinate
(phonetic) to prevent secretion and just use
anti body staining for intracellular cytokines, but
again, the unspoken is that there's a variety of
physi ol ogi cal changes in the cytokine as it resides
within the intracellular conpartnment, and the pH
changes change the confirnmation. So you have to
screen a large variety of antibodies.

So the antibodies that bind to soluble

cytokines in an ELISA may not bind very well in
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t hese Fastimune assays. You really have to | ook at
all of these details.

So let's switch to another system that
doesn't have an APC and a target cell wthin the
sane cell. Here's a CNV specific response, and if
we take CNV seropositive donors and generate CTLs in
vitro and we subject the V-CIL populations to the
sane type of analysis, you can see the traditiona
cytolytic assays where we have a nice EDT titration
of killing.

We can anal yze those sane popul ations to
see frequencies of CNV specific T cells that are
secreting in this case ganmma interferon, and you can
see that if we do the Fasti mune assays, gating CD
4s or CD-8s, we get populations of T cells.

What's very provocative is that although
we can get nice killing here, the actual frequency
of CD-8 positive cells secreting cytokine is quite
smal | conpared to the CD-4s, and in fact, again, can
give us sone insight as to the nature of the i mmne
response that appears to be much nore infornmative
and quantitative than the typical cytolytic assays
that we tend to use.

This is an exanple in which not only can

we use a gamma interferon, shown in the |eft-hand

SAG 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

184
panel, but can actually use intracellular cytokine
antibodies to I1L-2, TNF alpha, and 1L-4, again
giving us the opportunity to look not only for TH 1
type of responses, but in this case TH 2 type of
responses.

And | want to point out that these
assays, as nice as they look, they do require a | ot
of work. Yu Ping Dang and Paul Msca in the
| aboratory worked very hard to actually devel op an
assay that we can use on cryopreserved blood in a
direct, six hour assay using APCs and sone physical
separation nmethods to detect in this case an antigen
specific CNV T cell response gaited on CD8
secreting TNF-al pha and interferon gamma.

So | use these types of exanples, again,
to illustrate that probably in our hands the
functional state of the art in which we can detect
antigen specific T cells, that we have a fairly good
|l evel of confidence in that they do serve sone
clinically beneficial role to the host.

So let's nove on to how can we apply
these sane types of principles to analyzing T cell
responses in our clinical trials. This is actually
the house that Eli G lboa built at Duke, and |I want

to acknow edge, you know, his contribution as a
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coll aborator and a friend in helping us nove into
the field of dendritic cells, and in fact, this
building was built wunder his guidance to house a
G\NP-GLP facility for the processing of dendritic
cells based on nmuch of the work that he's done in
generating T cell responses in ani mal nodel s agai nst
peptide and RNA nodified dendritic cells.

So, again, based on sone of the feedback
|'ve taken from yesterday's sessions, let ne just
point out that we started clinical trials wth
peptide pul sed and RNA pul sed dendritic cells using
a single defined antigen called CEA Jeff Schl om
wi Il probably talk about that a little bit later.

We used the nonocyte derived DCs from
cancer patients after phoresis growh in serum free
media in GMCSF and 1L-4 kindly provided by Mary
El | en Rybak from Scheri ng.

Then we actually washed, pulsed wth
antigen, and actually we cryopreserve the entire | ot
of dendritic cells that we generate because we
wanted to do sonme characterization of these cells
before we adm nistered them

We | ooked at the typical sterility and
viability issues. W stained for these markers only

because we wanted to use a panel of other markers,
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but these markers we actually could get performed in
our bone marrow transplant |ab under G.P conditions,
and we actually |ooked at function, not as |ot
rel ease criteria, but as a research assay for the
cells that we were giving back

This is a very busy slide, but typically
it'"s going to give you two groups of cells, one in
which we just generated dendritic cells based on

that protocol, and you can see we get the typical

yields, and these are all in cancer patients.
W also used -- actually that's flipped
around -- we also used a strategy in which we did an

anti body depletion at the final step to renove that
contam nating popul ation of small cells found in al
the dendritic cell preps. to try to inprove our
yield and the purity of the product.

This is, again, the depleted and the
nondepl eted cells, the typical histograns from the
flow cytonetry. You know, we see a little bit of
contam nate 8-14. W see 86 and DR at fairly
significant levels, and these are the typica
yi el ds.

And what's interesting is although we've
spent, you know, about $2,000 worth of colums and

antibodies to deplete, we didn't really get, you
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know, an amazingly better product. So sonme of the
features of imunophenotyping for dendritic cells
that allow us to give nore pure or an apparently
nmore pure population, | think, wll rely a little
bit on defining the paraneters, defining the
features of dendritic cells that we want.

And I agree conpletely wth the
di scussion from yesterday which is it's hard to
define that ideal population, and we have no idea
that in this depleted population if we conpletely
removed the cells that were truly affecters or truly
benefi ci al . So we've actually stopped doing this
anti body depl eti on step.

The other point | want to make is the
issue of contamnation of the phenotype and the
assessnment of the maturity of dendritic cells. This
is just, you know, two dendritic cell preps. in
serum and serum free conditions in which we |ooked
at CD- 83 expression based on exposure to TNF-al pha.

And you <can see the hours after
exposure. You see a shift in the CD 83 expression
again, consistent with the ideas that CD-83 is
intracellular and being presented on the cell
surface as the dendritic cells mature, and this

change in phenotype al so changes in association with
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the functional ability to take wup antigen and
present .

So, again, | worry alittle bit if we're
presum ng that we know what type of cell to give
we'll set sone arbitrary conditions for what's real
and in fact, | would suggest that if, you know, you
say that you have to have 90 percent CD-83 positive
cells, you may bias all of the lot release criteria
to the people with the dirtiest | abs because they'l|
have a lot of contam nation. They' Il have sone
cyt oki ne rel ease from granul ocytes or sone
contamnating cells, and in fact, that's probably
not what you want to do.

Vll, we also did the functional assays
on all of these patients. W actually did primary T
cell responses. This is work done by Sneda Neyer
and Mke Mrris in the laboratory in which they
actually spent two to three weeks of in wvitro
culture denonstrating that in all of t hese
cryopreserved dendritic cell preps. in these A-2
positive patients, we were able to generate T cell
responses specific for the peptide, sone greater
than others, and you can see there's a variety of

| evel s of cytolytic activity.
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Again, | show this slide not to suggest
that we should be doing this, but to really
enphasi ze how inportant it is to search for
alternatives rather than the traditional cytokine or
cytolytic function, again, which is very |abor
dependent and depends on high levels of IL-2, IL-7,
depletion of CD-4 cells, and then an in vitro assay
for lytic activity against a target cell.

What this really neans is unclear. The
sane type of analysis on the RNA transfected cells.

Again, what | want to do is highlight
the contribution of Eli Glboa in his observation
that RNA transfection of dendritic cells can elicit
primary T cell responses, and this is a CEA specific
cytolytic activity correlating with this Fastinmune
type of analysis, which again perhaps nmay be a
functional assay that can replace sone of the
cytolytic assays that are done.

So for the last two mnutes of the talk,
I"d like to spend sone tinme tal king about the actual
clinical trial, which is using these cryopreserved
dendritic cells. W gave themlIV. W actually did
a couple of studies that are present in cancer

research after indium |abeling showing that 1V
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admnistration leads to a distribution to the |ungs
and then to the spleen and the liver.

And what | don't have for the lack of
time is the fact that if we do subcutaneous versus
intradermal injections, the radiol abeled dendritic
cells in the injection to the derms appear to
traffic to the draining |ynph nodes, but they don't
appear to traffic when they're i njected
subcut aneousl y.

Now, again, we have no idea if the
draining lynph nodes are attracting the dendritic
cells that are truly triggering T cell responses,
and again, those wll form the foundation for
further studies.

Ckay. Let ne point out that we have
been very adamant about getting prevacci ne phoreses
sanpl es as baselines, undergoing vaccination, and
appreciate that circulating and trafficking T cells
may, in fact, be different cell popul ations.

Here's an exanple where if we take a
post vaccination sanple and do a CTL expansion we
get sone activity. It appears to be a little bit
hi gher than the prevaccination activity, but what's
even perhaps a light bit higher is the T cells

associated wth tunor t hat are isolated from
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mal i gnant i nfusion, again, suggesting that if we
| ook in the peripheral blood only, the frequency and
function of the T cells, that in fact may be useful
in providing sone clinical benefit that, you know,
may be quite different.

Again, to highlight the fact that one of
t he advantages we think of whole protein or conplete
tunmor antigen | oading of dendritic cells is the fact
that CD-4 responses can be obtained, and this is
with an RNA transfected DCs stinulating T cells.

And let nme spend, again, sone tine
talking about the T cell analysis. Here is a
peptide pulsed dendritic cell patient, agai n,
ELI SPOT analysis, very |low frequencies of T cells
but maybe sonme hint that there's some T cel
activation in the post immunization sanple.

If we do a TCR analysis conparing pre
and post immunization, there's sonme hint that V-
beta-14 and V-beta-21 populations of T cells nmay be
expanding, and these are direct analysis of RNA
i sol ated from peri pheral bl ood.

And i f we actually do in vitro
stimulation of normal donors, as well as |ooking at
sone of our patients, we see in sone of those who

have had other <clinical or other inmunol ogical
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paraneters of T cell responses in the peptide sonme
sense that there may be sone ol igocl onal expansion.

What's interesting, this data is very
different. This famly, the V-beta-21 famly, is
very different than what has been reported for
restriction by Runella Philip. You know, | can't
explain that, and this is the confirmatory cytol ytic

activity, again, after two to three weeks of in

vitro stimulation, showing killing of CA specific
targets.

In ny last 20 seconds, | want to point
out that obviously the holy grail is data such as

this in which we can identify imunol ogical
surrogates that wll predict positive clinical
benefits, and | would say that in ny opinion we'll
have to look for prolonged life or an absence of
recurrence.

This is, again, an illustrative exanple
of other surrogates, you know, trying to correlate
with the surrogates. Cbviously we can see the folly
in trying to do that, but at sonme point in the
future we w il hopefully be able to develop these
surrogate markers, the activation of specific T
cells in a neasurable fashion that w Il hopefully

correlate to the developnent of positive or
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beneficial clinical responses, in this case CA-15-3
that drops back down into a preinmmunization or
preregression |evel.

Again, the one thing | wanted to
highlight, Eli Glboa had a poster here yesterday.
The one thing we |ike about the RNA in the group is
that we agree a lot wth Jim Miule and sonme of the
ot her whole tunor cell vaccine people in that we're
not exactly sure which tunor antigen is the
aut hentic tunor rejection antigen, and the potenti al
use of RNA may overcone sonme of the problenms with

i solating whole tunor cells fromevery patient.

Jeff Sosman was saying, "Well, you guys,
autol ogous tunor <cell vaccines wll never work
because you'll never get enough autologous tunor

cells from any, you know, great population of
patients to nmake this work. The only thing you'l
be able to do is get a paraffin fixed slide, and
that's the only source of tunor antigen that you're
going to have."

And, in fact, the use of RNA actually
overcones that obstacle. In fact, you can use the
RNA content from cells wthin the paraffin fixed
slide to generate nessenger RNA encoding for all of

the antigens wthin the tunor, and as a proof of
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principle, Eli, Smeda Meyer, and the clinical group
isolated the tunor from patients along with the
correspondi ng phoresis.

You can see here that the dendritic cel
stimulated wwth CEA and GFP as a control were able
to target RNA transfected DCs, autologous tunor
cells, and DCs transfected with total tunmor RNA

And, again, in ny last slide, it's very
i nteresting. If you take the total tunor RNA
content of that tunor cell, and this is fromEli's
poster, you actually can generate a T cell response
in vitro that's cytolytic for autologous tunor
cells.

So, again, | say we're at the beginning
of an exciting period of tine. | want to, again,
t hank the organizers for giving ne the privilege of
show ng you sone of our data.

Thanks.

(Appl ause.)

DR. SZNOL: Thanks, Kim

The next talk is by Dr. Mary Disis from
the University of Washington on peptide-based
vacci nes for cancer i nmmunot herapy.

DR. DISIS: Thank you.
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Basically ny mandate was to tal k about
| aboratory nonitoring, and |I'm going to follow up
what Kim was tal king about, not necessarily show ng
you the panoply of very quantitative assays that are
comng out right nowto nonitor clinical trials, but
rat her show you a snapshot of an assay that we use
in the lab and the struggles wth trying to
determ ne sensitivity and specificity and how assays
correlate to a gold standard in a field where there
really is no gold standard.

So firstly, what 1'd like to do is talk
alittle bit about clinical trial design in terns of
the patients that we're inmunizing, and really the
big problem of trying to imunize patients wth
cancer with a vaccine and exactly what's going on
with their inmmune systens and are they really i mune
conpetent, and just a little bit of data that we're
trying to <collect on the patients that we're
i mmuni zing, and really spend the bulk of ny tine
taking you through a particular assay and show ng
you how we're trying to conpare it with other assays
in the | ab.

And 1'Il start by telling you ny bias
that | really think we're at a point in tinm when

there are a lot of tools available to us, and

SAG 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

196
i nherent into Phase | studies should be people who
are willing to conpare assays in a fashion uniformy
in multiple patients over tinme so we can devel op the
type of database to tell us what the sensitivity and
specificity of these assays are.

"1l also start by telling you that I'm
going to talk about an assay for looking at CO-4 T
cells, and in fact, our current Phase | trial of
HER- 2/ neu peptide vaccines of, which |I'm not going
to talk about clinical data and the results we're
seeing, is to really inmmunize patients wth vacci nes
that are conposed of three peptides.

And these peptides are |onger hel per
epitopes that have been figured out in experinents
t hat have al ready been published to be epitopes that
will elicit a helper response to HER- 2.

The structure of t he HER- 2/ neu

antigen -- it's a transmenbrane domain protein that
consi sts of an extracel | ul ar domai n and
intracellular domain -- really lends you to think

that not only a cytotoxic T cell response may be
effective, but also an antibody response, and
i ndeed, people have already shown that antibodies
directed toward HER-2/neu can be «clinically

effective. So this is our strategy of immunization
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with longer 15 MER peptides that are potential
hel per epitopes.

W do have an immunization strategy
going for eliciting HER-2/neu specific CTL, but |
won't get into that today.

We i munized patients nmonthly for six
mont hs, and we used GVt CSF as an adjuvant, and the
primary endpoint of our study obviously is safety.
It's a Phase |, but the secondary endpoint is really
to see if we can generate imunity.

And when | talk about the generation of
immunity, | nmean quantitative or sem-quantitative
measurenents of HER-2/neu specific peptide and
protein inmunity because our bias is if you're
immunizing with peptides, it's only the protein
specific responses t hat may potentially be
functional , and looking at that immunity in
conparison with other antigens, both positive and
negati ve control antigens.

So looking at, let's say, CD-4 specific
immunity in ternms of what the tetanus response is,
am | even getting to the level of a vaccinated
antigen? So trying to bring into the system sone
i dea of where this vaccine works in conparison with

ot her known vacci nes.

SAG 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

198

And in addition, I'll show you we do do
anneal immunization with KLH at the begi nning of the
study to see what our level of vaccination is
conpared with vaccinati ng against a foreign antigen.

And our strategy inherently built into a
Phase | study is to use nultiple assays of anal ysis.
So not only are we looking for specific inmune
responses agai nst HER-2/neu, but also how many of
these assays correlate with each other in terns of
predi cting that imune response and which assay is
nmost robust and reproduci bl e over tine.

What |'d really like to just show you a
l[ittle bit of data on is our eligibility criteria.
W felt very strongly to try to immunize patients
that we would potentially want to immunize in terns
of a Phase Il study, and our shtick is that you
i muni ze patients with a vaccine to protect just
i ke an infectious di sease vacci ne.

So by definition we had to immunize
patients who were at a mninmal disease state or had
no evidence of disease. Yet we're imunizing
agai nst a sel f-antigen, HER-2/neu.

So the risk-benefit ratio for these
patients, if we generated i nmune responses and coul d

elicit autoimmune toxicity had to be worth their
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whi | e. So we |looked at Stage 11l or Stage 1V
pati ents whose tunors over expressed the antigen of
i nterest, best ovarian and | ung cancer.

These patients were all treated prior to
being on study, and they were at a point in their
treatment where just observation al one was what they
wer e undertaking. These patients had no evidence of
di sease or mninmal residual disease post therapy,
and the mandate to the physicians referring the
patients was these patients have to be free or
di sease and off therapy for six nonths. So these
can't be very unstable patients.

W allowed hornmones and radiation
t herapy, but we pretested everyone before they cane
into the study with the CM nulti-test, which is a
classic test of energy looking at seven different
recall antigens, and if the patients were anergic,
they weren't allowed onto the study because our
conjecture was any toxicity we mght see nmay be
related to the devel opnent of i mmune responses, and
if the patients couldn't devel op inmune responses,
then it wouldn't really be worth their while as a
toxicity study.

And what we found, and this is in

parent heses, that the vast majority of patients, al
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of the patients that we've enrolled to date --
actually the study is closed -- the performance
status on these patients was uniformy greater than
85 percent.

But what 1'd like to show you was
sonething that we l|learned that really blew a bias
that | had, and I went into this study thinking nost
patients with advanced stage cancer were going to be
pretty inmmune inconpetent, and basically what we
found was in 53 patients who wal ked in the door --
and this is just a small side study once we nade
this observation -- when we tested patients with the
CM nulti-test where the rules are really not very
stringent, you have to have a DTH greater than two
mllineters to at least two of seven of the recal
antigens to be considered not anergic.

Thirty-six percent of patients didn't
respond to anything. So they were anergic. W sent
t hem away. Thirty-four patients, or 64 percent,
were anergic and they were eligible and they were
enrol | ed.

We found that patients hated being sent
away on a vaccine study. So we said to them "Ckay.
Well, prove you're anergic. Two of the antigens

that are in the CM are diphtheria and tetanus. Wy
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don't you go get a DT? Wen was your |ast one done?

Come back in tw nonths and we'll test you again and
then we'll show you that your immune system isn't
functional ."

And we were able to do that with ten
patients, and basically when these ten patients cane
back after getting a DT, we found that 90 percent of
them responded specifically +to diphtheria and
tetanus, whereas only one patient continued not to
be anergic.

So what we've done is we've enlisted
another 15 patients on study who were anergic by
these criteria, had no responses to any recal
antigens, and we've imunized them and these are
the last patients on the study. So | have none of
t hi s dat a.

And we're going to conpare to see
whet her these patients couldn't be i munized to HER-
2/ neu, but nore inportantly, couldn't be inmunized
to KLH, which is our positive control i nmmunization
anti gen.

And | throw this in to say that our
patients were highly selected for being in pretty
good shape with mniml disease, and clearly even

t hough they were advanced stage patients, and many
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of our patients had breast cancer and were a Stage
IV, clearly they weren't as immune inconpetent as |
woul d have assuned.

So what I'd like to end up with and tal k
about for the rest of ny tinme is assay systens and
take you specifically on a tour of a single assay
systemthat we used |looking at CD-4 T cell responses
in a sem-quantitative fashion

And I'll tell you that we were hindered
a little bit by the fact that nost of our patients
enrolled in the study were patients wth breast
cancer, and they could not be | eukophoresed in terns
of having peripheral lines placed and the chall enge
of lynphedema, and at this point of starting the
study, we didn't feel that we could rightly say to
these patients that they should undergo fenoral |ine
cat heter placenent for a | eukophoresis for us to get
i munol ogi ¢ sanpl es.

So we decided that we were going to take
blood from the patients sequentially as they canme
onto the study, and that we would bl eed them 30 days
after each vaccine prior to them getting the next
vacci ne. W would analyze all of the material we
got fresh in ternms of these assays. So everything

that I'm going to show you is on fresh PBMC, and
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that we would build into our analysis | ooking at the
reproducibility of these assays over tine as a
snapshot in patients.

So what 1'd like to do is just show you
the feasibility of this assay in terns of how nuch
bl ood you get and exactly how robust an assay |ike
this is.

The i nmunol ogi ¢ eval uations we're doing
in general for T helper responses are |ooking at
nodi fied imting dilution proliferation assay first
described by Mario CGeisen and published by Reese in
1993. | think the reference is in your handout.

And we've adapted this assay to split
well into cytokines to look for specific T hel per
responses and cytokine production in a limting
dilution fashion with interferon gamma and | L-5.

We're al so | ooking at the devel opnent of
antibody on the patients in a very quantitative
ELI SA. Anyone who's interested in this, | brought
sone slides with ne, but I won't have tine to go
t hrough them for both peptides and protein, and al
of the QA for the |arge nunber of patients you need
to establish baselines, which are nuch easier to do

serol ogi cal |l y.
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From a cytotoxic T cell standpoint,
we're looking at a limting dilution analysis based
on chromumrel ease, as well as ELISPOI, again, only
| ooking at interferon gamm, but making autol ogous
targets on all the patients using autologous BLCLs
and fi brobl asts.

And finally, | wll talk a little bit
about DTH that we do at a distant site using the
i ndi vidual 1inmunizing peptides, |ooking not only at
i nduration, but also histology, and what |I'll do is
give you a conparison of this proliferation assay
with the DIH assay as an unknown assay conpared to
the gold standard DTH, which |I'm not quit convinced
is a gold standard, but it's really the best we
have.

This is an exanple of the assay, and
this is an exanple of the data that we get on the
patients and how the actual report |ooks when it
cones out of our group, and Kevin Wtham and Kat hy
Schiffrman in the lab have spent a lot of tinme
devel opi ng database prograns that allow direct
downl oadi ng of data from our plate readers into the
data bank and to have formats like this put up.

This was a nodified limting dilution
analysis looking at T cell proliferation as a
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functional assay based on |ooking at 24 replicates
of a single Eto T ratio against multiple different
antigens. It's sem-quantitative.

Basically, you take the nean and three
standard deviations of 24 wells of no antigen, and
that gives you a cutoff point, and any well above
this cutoff point that's positive is positive with
95 percent confidence interval because of the
antigen that was supposedly placed in the well, and
the error on this assay statistically is 1.5 wells.

So if you have two wells positive, it's
what we use to call the assay a bust assay of the no
antigen well. It kind of invalidates your assay.

And basically we set up this and plot
every single data point, and this is the panoply of
antigens that we use. W use about 15 antigens, not
only a conbination of positive and negative
controls, the negative controls being the no antigen
and peptides that aren't in the patient's inmmunizing
mx that are simlar length and size, but also
positive controls, such as PHA and nonspecific
mtogen of which you see no dots because it's
totally off the area, as well as KLH to which the
patients were immunized at the start of the study,

and then on another plate a panel of recal
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antigens, tetanus, candida, and other antigens that
t hey woul d have a CD- 4 response to endogenously.

And not only do we express this as
positive wells here, but also as a stinulation index
that's calculated off the nman of a 24 well
replicate, not just the mean of positive wells, over
the nean of 24 no antigen wells, so that it gives
sone statistical validity.

So this is the type of data I"'mgoing to
be showing to you in ternms of reproducibility over
tine.

The data that I'm going to show you is
based on 40 patients, the first 40 patients enrolled
in the study, and they get seven bl ood draws, seven
to eight blood draws. W try to do two bl ood draws
pre so we have cells frozen back, sa well as
sequential blood draws during the course of all six
I mmuni zati ons.

So that gives you actually the potenti al
for 280 sanples. Actually what we got was 218 bl ood
draws, about 180 to 240 cc's each, with 203 assays
avai |l abl e for anal ysis.

In the nodified LDA it requires 75
mllion PBMC, and the nean range of PBMC yield out

of these 218 blood draws is 162, with sone of the
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patients really not having enough cells to even run
the assay at a particular tinme point. So out of the
203 assays that we have, 173, 85 percent, of the
bl ood draws actually yielded enough cells to do the
conpl ete assay as | showed you

In those 203 assays, we had an error
rate of three percent of what we called inaccurate
assays, and this is data that we don't use, and we
descri be inaccurate as a control problem

So if the no antigen wells were greater
than two positive wells and no antigen, neaning that
there was sone type of autoresponse or naybe
sonething was in the nedia, that is not considered
an assay that can be used.

Simlarly, if less than 24 wells are
stinmulated with PHA, neaning that this nonspecific
mtogen wasn't generating the response it should,
that assay is not used.

So based on those very strict negative
and positive controls, only three percent of the
assays were not usable. And the nunber of data
points that we achieved out of these 203 assays was
2,242,

So how do vyou analyze this for

reproducibility, sensitivity, and whether this neans
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anything in real time? And for that we solicited
the help of Ted Gooly, a biostatistician at the Fred
Hut ch. and convinced himto nove away from clinica
stuff and try to help us talk about imunologic
nmoni t ori ng.

And the first immediate question was:
do these positive wells correlate to a stinulation
i ndex? And as you increase positive wells, do you
i ncrease the stinulation index?

And so what Ted did was Spearnman's rank
correlation where he took all the data on all the
patients at a specific tinme point, like tinme zero,
to a specific antigen and ran P values, which al
were significant, and then he nmade a rank
association, and basically this is a stinulation
i ndex agai nst nunber of positive wells wth the rank
associ ation not done in 3D, showing you a
scattergram that, indeed, the sinple question do
positive wells correlate to stimulation index, yes,
and indeed, the nore positive wells you get, the
nore |ike your stinulation index is to be el evated.

And basically, once you have half the
wells positive, that's when you really start seeing
a stinmulation index greater than two, which could be

consistent with an i muni zed response.
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Now, the reason why we decided to use a

sem -quantitative assay is that we went in with the
bi as that nost of the responses that we'd try to be
seeing would be extrenely low level. So many of the
studies that had already been reported before in

Tunor I nmunol ogy for peptide imunizations, you

stinmulate with a peptide or inmmunize wth a peptide;
you see a stinulation index, maybe three or four.

So we were optimzing |ooking at
responses that were less than stimulation indices of
four, and this is what sone of the data |ooks |ike
sequential ly. So these are individual patients
agai nst one of the peptides in their inmunizing m X,
and basically these are tine points that were taken
over six nmonths to show reproducibility.

And the nice thing about this assay is
it potentially controls for any backgr ound
variability by setting the cutoff point of that
assay with the no antigen wells of the assay itself.

And what we found was that the assay was
really quite reproducibly over tine; that patients
did, indeed, boost responses. This is stinulation
i ndices, are the square data points, and nunber of

positive wells are the round data points; and that
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you could actually see that people devel oped
significant stinulation indices to peptides.

And what |'m not showing you here is
also to protein because we don't have protein DTH
responses to conpare.

But it also points out one of the
potential problenms of the sem -quantitative assay,
and that's once you hit a certain stinulation index
or 24 positive wells, you ve pretty nuch |ost your
ability to enunerate your responses. So you really
have to |look at the sensitivity of the assay, and
basically we hit the sensitivity of the assay.

And so fortunately we have cells that
we've been working on since we do blood draws so
much and so nmuch bl ood fromthe patients that we can
devel op, and we have devel oped, quantitative ELI SPOT
assays to look at three different cyt oki ne
secretions of CD-4 T cells to see if we can get a
handl e on exactly what these precursor frequencies
are in real tine.

And then to show you this again with not
only P-98, which is a HER 2/ neu peptide, but also a
recall antigen, that again, if you're starting out
wth a fairly robust, proliferative response wth

nunber of positive wells, you' re not really going to
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be able to detect a boosting and imrune response
like you could wwth this peptide.

But it also points out a problem with
the stinmulation index and the fact that the
stinmulation index is very variable, pr obably
depending on culture conditions, and i ndeed,
al t hough nunber of positive wells didn't change over
time, this patient did have one data point where she
had a big bounce in the stinmulation index.

And when you |look at, let's say, PHA in
these patients, nonspecific mtogen PHA, and if you
go back into the literature and |ook at PHA
responses, they're always shown on a |og scale like
this, and that's because if you |ook at the
stimulation index of individual patients wth PHA
assessnments done at nonthly tinme points, just as
part of our assay, stimulation indices really bounce
around quite a bit, and if | didn't plot this out on
a log scale, you' d say, "Boy, that really is a |ot
of variability in assay."

So, again, you have to really define the
sensitivity and specificity of the assay and also
devel op a feel for what the noise of the assays are.
| would say stinulation index is a good | ook at very

robust responses. There's a |ot of background noi se
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conpared to the nodified limting dilution type of
anal ysis, but yet the sensitivity of the nodified
[imting dilution analysis has kind of reached a
peak.

So how does this correlate to real tinme?
And 1'd Iike to show you sone data on DTHes. W DTH
everyone to their individual inmmunizing peptides at
the end of the study, and basically this is a
pati ent who had a good response to 369-15 MER with a
DTH of 17 mllineters, SI of 35, and the DIH was a
CD-4 infiltrate.

When we |l ook at how DTH correlates to
the peripheral blood SIs we're seeing in over 60
skin tests placed, actually DTHes greater than ten
mllinmeters had a very good correlation with an odds
ratio of 11.

If | showed P values for every single
time point, five, six, seven, eight, nine, as the
DTH induration got larger, the P value would get
nmore significant, but if you look at it as a group,
the odds ratio is pretty good at 4.4.

So in our hands, DTH responses
correlated very well to peripheral blood T cell

responses as neasur ed.
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So to conclude, | think the inportant

thing really is to define what the trial endpoint
is. For us it was immunity, as well as a conparison
of assay systens as an endpoi nt eval uation, which |
hope to have nore data to show you in the comng
year, to optimze your population based on the
endpoint you want to achieve, to wuse multiple
measures of evaluation wuniformy, and also to
standardi ze not only your |aboratory procedures and

controls, and SOPs are things that we use routinely

in the | ab.

And 1'd like to thank specifically ny
group at the University of Washington: Keith
Knutson, Kathy Schiffman, Kevin Wtham  Paul

Crosby, and Charl es Bendock, who are responsible for
the clinical trial |aboratory.

The peptide vaccine is supplied by
Corixa; GWCSF by Imunex, and I'd Ii ke to thank Mac
Chi ever at Corixa who's been ny collaborator in this
from the beginning, and Ted Gooly who's continuing
working with us on determning the sensitivity and

specificity of inmmunol ogic nonitoring assays.

Thank you.
(Appl ause.)
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DR SI ECGEL: Qur next speaker is Dr.
Jeff Schlom of the Cancer Institute, who wll talk
to us about synergy of co-stinmulatory nolecules in
two cell activation.

DR. SCHLOM May | have the first slide,
pl ease? 1'mgetting signals fromup there.

Vell, let me just start. One of the
maj or problens in vacci ne devel opnent is the potency
of the T cell imune response, and it is well known
that there are many, many ways to try to enhance
t hat i mmune response.

We have been involved in a series of
preclinical studies and clinical trials with a
variety of inmunogens, reconbinant vaccinia virus
bei ng one whi ch IS replication conpet ent ;
reconbi nant Avi pox viruses, in particular, ALVCA or
r econbi nant f owl pox, which are replication
defective which neans that they infect manmalian
cells but do not replicate in mnmlian cells;
peptide; and nodified peptide.

Qur preclinical studies and now sone of
our early collaborative clinical trials have shown
that it appears that it's a diversified vaccination
protocol which gives the optiml inmune response,

and the work I1'mgoing to talk about not only deals
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with vectors or peptides. | think it is quite
rel evant to whole tunor cell vaccines and dendritic
cell based vacci nes.

So the mgjor question we set out to ask
is: to what |limts can one enploy co-stinmulation to
enhance T cell activation?

Now, a little review of co-stinulation
If you have an antigen presenting cell, such as a
tunor, which has an antigen and WHC conpl ex, peptide
WMHC conplex, and this interacts with the T cell
receptor of a T cell, the outcone of that is going
to be anergy and apoptosis because there's no second
signal, no co-stinmulatory signal

If you have a professional antigen
presenting cell, such as a dendritic cell, nonocyte
macr ophage B cell, you have your antigen WMHC T cell
receptor signaling, and then you have a second
signal, a co-stinulatory nolecule to its receptor
provi di ng signal, too.

And if you have both signals, you see
clonal expansion and other effective functions,
cyt oki ne rel ease |ysis.

Ckay. Now, T cell co-stinulation is a

wel | established phenonenon. It's been shown in
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many, many cases in preclinical studies to enhance T
cell responses and enhance antitunor inmunity.

The node of delivery for about 95
percent of these studies has been retrovira
vect ors. W have not used retroviral vectors
because of the requirenent of drug sel ection and DNA
replication of cells.

There's been sonme work done with anti-
CTLA-4 anti bodi es. These are antibodies which are
really |l ooking at the B-7 co-stinulatory nol ecul e.

W have wused, as have others, pox
viruses, and we've done this in tw ways: maki ng
dual gene constructs, so a vaccinia virus or an
AVIPOX virus with a tunmor antigen |like CEA and a co-
stinmulatory nolecule like B-7, both on the sane
vector; or sinply add mxing vaccinia CEA with a
vector vaccinia B-7

Ckay. Now, what are the potential
advant ages and disadvantages of using pox virus
vectors to deliver co-stinulatory nol ecul es?

The maj or advantage of one of the nmjor
advantages is rapid infection of the mgjority of
cells. Geater than 90 percent of cells express the
co-stimulatory nolecule in five hours. So you can

envision a tunor, a dendritic cell, whatever. You
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put in the pox virus vector and within five hours 90
percent of the cells are expressing the co-
stinmulatory transgene.

There's no need for cell division or
drug selection as with retroviral vectors, and al so
very inportant, one can insert nultiple genes,
mul tiple co-stinulatory nolecule genes or multiple
tunor antigen genes. This is sonething unique to
pox virus vectors.

The potential disadvantage, especially
with a replication conpetent virus such as vaccini a,
is anti-vector responses, although if you're putting
it inside a cell, it may not be a disadvantage but
an advant age.

And if you're dealing with a replication
defective virus, like AVIPOX or fow pox, it really
shoul dn't matter.

The question wth co-stinmulation is
al ways autoi nmunity. How much are you going to
stinulate and what are the consequences in terns of
antitunmor imunity versus autoi munity?

Before | start showing data, | want to
acknowl edge the people who carried these studies
out . The vast mmpjority of the studies that |I'm

going to talk to you about were carried out by Dr.

SAG 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

218
Janes Hodge and nenbers of his group, Arial Rad and
Dr. Matthias Lorenz.

O her studies were carried out by Helen
Subzevari and Judith Kanter.

Qur coll aborators in these studies, sone
of these studies, were Thereon, Dr. Dennis
Panicali, Linda Gitz and Gail Mazzara.

There are two clinical trials ongoing
now with an ALVAX CEA B-7 construct, one by Howard
Kauf fman at Al bert Einstein, and one at Fox Chase by
Dr. von Mehren.

But | want to talk to you about the
basis concept of nultiple co-stinulatory nolecules.
Ni nety-ei ght percent of the literature involved B-7
and the activation of its ligand, CD 28, but indeed,
there's a range of co-stimulatory nolecules that are
now known, and this is just a partial list: |1CAM1
and LFA-3. They have different |igands, and they
signal through different nechanisns.

And this is a standard co-stinulation
assay. The assay involves an antigen presenting
cell, in this case MC-38 murine tunor cells which
have no co-stinulatory nolecules on them as | said,

virtually all nonhematol ogi ¢ tunors.
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Qur responder cells unless otherw se
menti oned are always naive T cells, and sigma 1 here
is Con A W see the sanme results with anti-CD 3 or
peptide, et cetera.

So that no one loses interest to these
studies, we'll use the generic antigen here, Con A
and you can see that you do see sone stinulation
when you infect your antigen presenting cells wth
LFA-3, ICAM1, and the best result is with B-7. You
get the best stinmulation of your T cells in this
rank.

|'"'mgoing to show this slide again | ater
on.

This is just a control to show that al
of the effects we're seeing can be blocked by the
specific anti body to these particular co-stinulatory
nol ecul es.

Now, these are all published; the next
two slides are published data where we | ook at an
antitunor ef fect of a vaccinia CEA in the
experinental nodel. Use one injection, and you see
alittle bit of antitunor effect. |[If you sinply add
mx this with a vaccinia virus expressing B-7, you

anplify the antitunor effect.
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You see the sane type of situation with
a MJC-1 vaccine, a vaccinia MJC 1. You see an
antitunor effect of established |ung netastases with
three injections of MJC-1, but if you sinply have
one injection, the first injection with a B-7
nmol ecul e involved, you see long-term immunity, and
these mce go on to live out their days.

Now, the question | want to dwell on
now, and this is the rest of the talk, is: wll a
triad of co-stinulatory nolecules, B-7, |CAM1, and
LFA-3, enhance T cell activation to a new threshol d?
Now, that is the question.

W chose these, again, because the
ligands are different, and the signaling is
different, and we have used the term TRICOM to nean
-- it's just an acronym for triad of co-stinulatory
nol ecul es. So these are vaccines which have a
vector which has B-7, CAM1, and LFA-3.

So if you see vaccinia TRICOM it 1is
this so that | don't have to say this over and over
agai n. If you see RVCEA TRICOM it has four genes
in it, CEA and this, and AVIPOX virus is RF CEA
TRI COM

Now, these are the vectors. They all

have different pronoters, and these are the
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controls. Time doesn't allow nme to go through all
of this, but this is what a reconbinant vaccinia
TRI COM | ooks |ike; reconbinant vaccinia CEA TRI COM
with the different pronot ers; and this IS
reconbinant fow pox CEA TRICOM with the different
controls.

The first question we asked is: 1 we
infect cells with a TRICOM vector, will all of the
co-stinmulatory nolecules be expressed on the cell
surface? And the answer is yes. These results were
obtained five hours after infection of the tunor
cell.

So this is the assay that we used. I
actually explained it to you before. The antigen
presenting cell is the tunor. The responder cell is
the naive T cell, and we can use one of any kind of
signal 1. Most of the data I'Il show you is wth
Con A, and signal 2 is provided by either a TRI COM
vector or a vector containing two co-stinulatory
nmol ecules or one B-7, being the current gold
standard, and we al ways use vector controls to show
that anything that we're doing is not related to

just the vector itself.
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This is the data | showed you before
the exact slide, the three co-stimulatory nolecul es
individually activating T cells.

This is the exact same data from the
sane experinment, but |'ve added on here the TRI COV
the one with the three co-stinulatory nol ecul es, and
you can see there's a great deal nore activation

W asked the question now can we
activate isolated CD-4 cells? Again, |ICAM LFA-3,
and B-7 alone; this is the TRRCOM to a much greater
threshol d than we thought we woul d see.

This is CD-8 cells, purified CD-8 cells,
LFA-3, ICAM B-7, and the TRRCOM and | want to draw
your attention to the low |l evels of antigen 1, which
is nore |like you would see physiologically. There
is essentially nothing going on here wth the
standard co-stinulatory nolecules, and this is what
one sees with the TRl COM

And this is the sanme data plotted up,
but 1've added in here a dual gene vector, B-7 and
|CAM  You see a little better than either one.

The point | want to make here, that it
is not additive. There's clearly sonething very
synergistic going on with having all of these three

expressed the sane tine.
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And what we've seen is that the nost
dramatic differences in stinmulation of T cells by
TRI COM vectors are observed under conditions of |ow
levels of signal 1 and low APC to T cell ratios.
These are the kind of conditions one would see
physi ol ogically, and we've seen stinulation of both
CD-8 and CD-4 cells.

Now, we also |ooked at the T cel
function in ternms of cytokine. These are the
various vectors, and you can see in the CD-4 cells
we see a great increased production of IL-2, and in
the CD-8 cells with the TRICOM the greatest
production is wth interferon ganmma, and there's a
whol e range of cytokines. These are studies
conducted by Hel en Sabzevari .

If you normalize for the reporter gene,
you can see here | ooking that conpared to the B-7 or
any of the other single ones, the TRI COM stinul ates
interferon gamma and IL-2 in CD-8 and CD-4 cells far
greater than any of the other co-stinulatory
nol ecul es.

This is the actual cytokine release
profiles, the secretion, and again, you can see B-7,
which is the gold standard at this current tinme, as

conpared to TRICOMin terns of IL-2 secretion by CD
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4 cells, and interferon gamm secretion by CD-8 T
cells.

And now | want to discuss dendritic

cells for a second. | wasn't going to tal k about

this because these studies are so prelimnary, but

wth all of the dendritic cell mavins at this
meeting, | thought | would discuss this a little
bit.

Dendritic cells express, of course, co-
stinmul atory nol ecules, high levels, and high |evels
of MHC Cass | and I1I. They are the ultimte
antigen presenting cell and the nost pot ent
simulator of T cells.

We asked the question: can one use a
generic APC and infect it with one of these TR COM
reconbi nant vectors to generate a cell simlar to a
dendritic cell?

So the current nmethodology which we
followed is taking CD-34 nurine bone marrow cells,
treating them with GWCSF and IL-4 for six days to
get dendritic cells, and we asked: how woul d t hat
stack up against taking the sanme CD 34 bone narrow
cells and infecting themwth TRICOM for five hours

and then seeing what kind of an APC we'd get?
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And this is what we see. |I'msorry for
the Il egend here. 1'Il run you through this.

This is CD4 cells as your responder
cells, and Con Ais providing signal 1. |If you take
CD-34 bone marrow cells, you see this type of
activation of T cells.

I f you make dendritic cells from these,
you see this. So | guess this is the zebra and this
is the crocodile.

|f you take these sane CD-34 cells and
infect themwith TRICOM you see this: not quite as
good, but in the sane range.

If you use CD-8s as your target, these
are your CD- 34 bone marrow cells. These are these
cells treated for six days with GMWCSF and |L-4.
These are your dendritic cells, and these are these
same CD-34 cells treated for five hours with TR COM
vector: a little better.

So you can see a potential use for this
right up front.

The next question we asked, and we
didn't think this experinment would work: can one
design a better APC than a dendritic cell?

You have CD-34 bone marrow cells. You

treat them with GWCSF and IL-4 to obtain the
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dendritic cells. W then ask if one takes these
dendritic cells and treats them wwth TRICOM would
you get some better cell.

This is the exact sane data | showed you
on the previous slide. This is the CD-34 cell.
This is the dendritic cell. This is the dendritic
cell transfected with TRI COM This is CD-4 as the
responder cell. These are CD-8 responder cells.
This is the CD-34 bone marrow cells, the CD-34 cells
treated with GWCSF and I1L-4 for six days, your
dendritic cells, and this is not chopped Iiver.
This is 50,000 counts.

This is this dendritic cell then treated
with TRI COM

The next question we wanted to ask was,
going back to reconbinant vaccines, all the work
that we've shown to date has been using naive T
cells as responder <cells, and there's a little
guestion in the literature as whether you really
need co-stinmulation for nmenory cells. If you have a
menory cell, do you have to co-stimulate or co-
stinmulate doesn't matter?

So we |ooked at both naive T cells, T
cells for mce imunized wth CEA and also

established cell lines, and we've done all of these
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types of ways to deliver signal. It really doesn't
matter.

This is just a prelimnary piece of
data. These studies are ongoing where we take C 57
mce; we vaccinate them one tinme with ten to the
seventh plaque formng units, one injection of CEA
or CEA TI CoM

W waited for 100 days, and then we
chal l enged them with tunors expressing CEA a |arge
dose of tunors, and you can see there's clearly
i nducti on of i mmnol ogi c nenory.

And we |ooked then to see what about
proliferation of T cells in ternms of |ooking at
these m ce spl enocytes, and again, you can see that
the TRICOM gives you a much nore robust response
than the standard vaccinia CEA, but these are just
the prem ses for this.

The question we wanted to ask is: can
you use these type of vectors and triple co-
stinmulatory nolecules to stinmulate nenory cell s?

And what we did was we took C 57 black
m ce. W injected them with Avipox vector and
waited 40 days and took out the T cells, and those
are the CEA immune T cells. W also have naive T

cells, control
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And here we see the antigen presenting

cell is a CEA positive tunor. This is a CEA

negative tunor, wth these various co-stinulatory

nol ecules in them and what we can see here is that

we get very, very good stimulation of nenory cells,
much better than we would see with B-7

There is sonething here. [It's just that

the scale is so large that it's reduced, but there

is some stinulation here, but nmuch nore stinulation

with TRI COM

W then asked: can we stimulate
established cell lines, so-called defector cells?
And again, here we have an APC, a tunor cell, and
then we take cells and this is a tunor cell infected

here with a fow pox vector expressing these various
genes.

And we asked: can we stinulate an
established T cell line directed agai nst CEA? Well,
if you just put fow pox CEA in there, you get no

stinul ati on because there's no second signal on your

antigen presenting cell, on your tunor.

You put in B-7. You get  better
stinmulation as expected, but you still get even
better stimulation with this TR COM vector. So,
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again, we can stinulate now naive T cells, nmenmory T
cells, and affecter T cells.

So in closing | want to nention that the
cl assical notion of post stimulation where you have
two signals, hence co-stimulation, is now perhaps
we're |looking at a different nechanism here where
we're dealing wth four signals, four different
ligands, and four different signal transduction
processes in sone of type of hyper stinulation.

| just want to touch on at the very end
-- I"mgoing to show no nore data -- that these are
sonme potential uses for these vectors, for these
constructs.

The first is vector based vaccines. One
can take ALVAC reconbinant and put a tunor antigen
inthemwith the TRICOM as |'ve shown you

The other is the infection of whole
tunor cell vacci nes. There's really no reason why
the generic -- no tunor antigen here -- but the
generic triple post stinulatory vector cannot be put
into carcinoma or nelanoma cells either in culture
for five hours or direct injection at the tunor
site.

Infection of dendritic cells, either

peptide pulsed dendritic cells or dendritic cells
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infected wwth a vector to enhance the potential of T
cell post stinulation by a dendritic.

And finally, the sinmple in wvitro
activation of CD-8s or CD-4 cells by using antigen
presenting cells infected wth these TRI COM vectors.

So to what limts can one enploy co-
stinmulation to enhance T cell activation? M answer
is, and this is just a hypothesis at this point
because we need nmuch nore data, that new |evels of
co-stinulation can now be achieved wth reconbi nant
vectors containing three co-stinulatory nolecules to
stinulate T cells to a new threshold of activity.

Thank you for your attention.

(Appl ause.)

DR. SIEGEL: Thank you very much.

Qur next talk is from Jay Berzofsky at
the Cancer Institute, who wll discuss his work
regarding optimzation of antigen specific T cell
responses using epitope enhancenent.

DR. BERZOFSKY: |1'd like to thank all of
the organizers for inviting me, and in the interest
of time go to the first slide.

|"m going to talk about optim zation of
antigen specific T cell responses for antitunor and

antiviral activity. This is the work of a large
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nunber of coll aborators, as you can see |listed here,
and 1'Il try to nention individual nanes as | g@o
al ong.

And I'd |ike to talk about three issues
or points. One is that CTL avidity is inportant for
efficacy and clearing viral infections and may be so
for tunor immunotherapy, as well.

Second, that natural viral and tunor CTL
epitopes nmay not have optimal affinity for MC
nmol ecul es. Can these epitopes be enhanced to
produce nore potent engineering vacci nes and how can
we do that?

And third, can nutations in P-53 in rats
found in tunors service tunor antigens to evoke CTL
and kill tunor cells, and can we apply these
princi pl es?

So by avidity what | nean is sensitivity
to very |ow doses of very |low densities of peptide
MHC conplex, and | don't know if you can see this
red curve here wth the amount of Ilight on the
screen, but if you | ook at a dose response curve for
antigen on a log scale here for recognition by CTL,
Mart ha Al exander Ml ler was able to raise CITL
specific for the sanme peptide MHC conpl ex, but wth

very different uveitides. The CTL line on the far
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left in red sees antigen at nore than two | ogs | ower
concentration than the lower avidity CTL line shown
in vyellow on the right, and there's sone
internedi ate ones in the mddle.

Now, in data | won't have tine to show,

she found that, in fact, the high and low avidity

cells would kill targets infected with reconbi nant
vacci nia expressing the antigen. In this case it's
H V GP-160.

And so we asked whether these would be
equally efficacious in clearing virus in vivo, and
of course, we couldn't use HVin mce. W used the
reconbi nant vaccine from Pedero and Bernie Mss,
expressi ng GP-160.

And to t est this, she adoptive
transferred these different lines into Skid mce
that have no T or B cells of their own and infected
those mce with the reconbinant vaccinia and asked
what |evel of virus was found several days |ater,
and you can see this is on plaque formng units of
virus per gramof tissue on a |log scale.

The white bar are the Skid mce that
received no CTL adoptively transferred, and you see
that the low avidity CTL transferred either the red

or the yellow, two different low avidity lines, had

SAG 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

233
little or no effect on the level of virus, whereas
the high avidity line shown in green gave us nore
than three log reduction in virus PFU, and this is
reproducible with nultiple independently derived
high and ow avidity |ines.

So this indicates that the quality of
the CTL is at |least as inportant as the quantity of
the CTL in clearing virus, and that may be true for
tunors as well, and so this may have inportant
i nplications for adoptive i mmunot her apy, for
exanple, selecting high avidity TILs rather than
TILs grown nonspecifically with cytokines and, for
exanple, trying to develop vaccines that would
sel ectively expand high avidity CTL.

Ckay. The second point that | wanted to
discuss is trying to enhance the imunogenicity of
epi t opes. Viral and tunor epitopes are not
necessarily the best inmmunogens. |f anything, they
may have evolved to escape the inmune system So
can we make them better?

And the idea is illustrated here in this
crystal structure of a peptide bound to a Cass |
nol ecule fromlan Wlson's lab in which the peptide

is shown in blue, and we're | ooking at side chains
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in pink of amno acids of the MHC nolecule that are
interacting with the peptide.

The view that we're |looking at is what
we think is the viewthat the T cell receptor would
see | ooking down on the surface of the peptide MHC
conplex, and the idea is that if we can nodify the
side chains of amno acids that interact with the
MHC nolecule in such a way as to inprove the
affinity of the WMHC nolecule w thout changing this
surface that's pointing outward toward us, that the
T cell receptor sees, then we may have a nore potent
i mmunogen that will still induce T cells that wll
see the natural peptide MAC conplex since if it
doesn't see that, it's not very useful

And so we applied this in several cases
both for Class | and Class Il. The first case I'l
just illustrate briefly. 1t's based on work that we
did actually about five or six years ago, done by
Toshi taka Akatsuka in our lab in collaboration with
Henning Binkey in Ron Jermain's lab in which we
found that we could enhance he affinity of a hel per
epi tope shown here in green fromthe H 'V envel ope by
replacing this positively charged E-glutamc acid --
sorry -- negatively charged E-glutamc acid with an

uncharged al ani ne A shown here in bl ue.
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And so we asked whether this would
inprove he efficacy of this helper epitope for
i nducing CTL against the CTL epitope from the HV
envelope shown in yellow that we had also
characterized in our |ab.

Wen the CTL epitope itself was not
nodi fied, we were only nodifying the hel per epitope
that we attached to that in this synthetic vaccine
construct, and this is work by Jeff Ailers in the
| ab. Indeed, that was the case.

You can see in the open circles the CTL
i nduced by the original vaccine construct and in the
triangles the CTL induced by this inproved second
generation construct, and it requires 33-fold fewer
effector cells in this effector to target ratio
titration to get the sane level of lysis when we
i mmuni ze with this inproved vacci ne.

So that neans there are 33-fold nore
lytic units i f you conpare t hese curves
hori zontally, and in data | won't have tine to show
Jeff did genetic experinents to conpare strains of
m ce that have the sanme Class | nolecule to present

the CTL epitope, but different Cass | nolecule --

Class Il nolecule, rather, presenting the helper
epitope to prove that, in fact, the nechanism of
SAG CORP.
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this was, indeed, Cass Il MHC I ength and due to the
hi gher affinity for the Cass Il MAC nol ecul e.

So this denponstrates two points. One is
that helper T cells are very inportant; CD 4 hel per
T cells are very inportant for inducing a Cass |
CD-8 cytotoxic T cell response. So that by just
inproving the level of Cass Il restricted help we
can get a big increase in Cass | restricted CTL
even though we haven't tanpered with the CTL epitope
at all.

And secondly, this is proof of principle
of this approach we call epitope enhancenent for
trying to inprove vaccines, but this was done wth
the Class Il nolecule, and it was done in the nouse,
and we wanted to know if we could do the sane thing
wth the Cass | nolecule in a particular one that
came from humans.

And so I'll now tell you about a nore
recent study done by Pable Sarobe in the lab with a
nunber of collaborators |isted here that was just
published in JC trying to inprove the binding to
HLA- A2 of an epitope that we had identified earlier
in the hepatitis C virus core protein that binds to
A2 with an affinity that's adequate for inducing

cytotoxic t cells in patients infected with the
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virus, but was still nodest affinity and had room
for inprovenent.

And this is the wld-type peptide at the
t op. Dave Pendleton in the lab nade it the large
series of substituted peptides shown here, and Pablo
tested all of these both for binding to HLA-A2,
which | won't have time to show you, and for
recognition by human cytotoxic T cells from an HCV
infected patient that he had raised, and you can see
this is a dose response curve for sone of the
peptides, the alanine substituted peptides. The
w | d-type peptide is shown in green in the m ddle.

Many  of the substitutions reduced
activity, but for two of the substitutions the dose
response curve was shifted to the left, i.e., we had
about a tenfold enhancenent in potency, but what we
really wanted to know was would these be nore
I nmunogeni ¢ in vivo.

And before going into sone kind of human
clinical trial, we wanted to use an ani mal nodel and
were fortunate to have HLA-A2 transgenic mce from
our collaborator Vic Englehart that Pabl o i mmunized,
and here we're looking at the response to either
i mmuni zation with the wld-type peptide shown in
green or several of these nodified peptides that had
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hi gher affinity, and one of themin particular, the
8-al anine substituted peptide, was nore inmmunogenic
in the A2 transgenic m ce.

So we wanted to know if the CTO we
i nduced against this 8-alanine substituted peptide
were of as good quality as those induced against the
wld-type peptide for killing of targets expressing
the wild-type peptide.

And that's tested here where we conpared
a CTL line raised against the wild-type peptide and
tested on targets with the wild-type peptide shown
here in a dose response curve with a CTL line raised
against the enhanced peptide with the 8-alanine
substitution, but tested in vitro on the wld-type
pepti de shown in red.

And you can see that this actually has
several 1logs higher avidity than the CTR raised
against the wild-type peptide itself. So we had CIR
that were increased not only in quantity, but also
in quality by this approach.

So we conclude with regard to this
approach of epitope enhancenent that we've been
wor king on now for about six or seven years that
natural epitopes are not always optimal, but can be

enhanced by sequence nodifications to increase the
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binding to nmurine or human Class | and Cass Il MAC
nol ecul es.

A selected subset of these nodified
peptides retain recognition by T cell specific for
the natural epitope and are substantially nore
i mmunogenic for inducing helper T cells or CIL in
Vi vo.

And 1'd like to point out that these
enhanced epitopes can nmake nore potent vaccines
whet her they're used as synthetic peptides, as |
illustrated, or i ncor por at ed as sequence
nodi fications in the gene for the whole protein and
used in reconbinant protein or in naked DNA vacci nes
or in reconbinant viral vector vaccines or even in
live attenuated viral vaccines, where one can cite
directed mutants in the virus.

So this approach of epitope enhancenent
is certainly not limted to peptide vaccines, but
could be applied to any type of vaccine construct.

kay. Now, the third area is to talk
about the use of nutant tunor suppressor genes and
oncogene products as targets, potenti al t unor
antigen targets, for imunotherapy, and the idea was
that single point mutations in P-53 that occur

commonly in tunmors or RAS that occur comonly in
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tunmors or others |ike that m ght create neoantigenic
determ nants that could be recognized by the inmune
system as di stinguishing markers present uniquely in
the tunor and not in the normal tissue in which the
mutation did not occur, and we mght be able to
raise cytotoxic T cells against these by immunizing
with short synthetic peptides just surrounding the
mutation so that we would not induce T cells that
would see the wild-type protein that's present in
the normal cells.

And for the sake of tinme, I'll skip over
the in vitro studies that are published and go
directly to an imunotherapy study in mce. this
was done by Dinetri Gabrilovich in Dave Carbone's
lab in collaboration with us, and you can see that
here we're imunizing wth peptide post dendritic
cells, which is an approach that we had used first
agai n about six or seven years ago with HV peptides
to induce high levels of CITL.

And here you can see conplete inhibition
of tunmor growth by nultiple peptide post dendritic
cell immunizations conpared to either a single
I mmuni zati on or no i nmuni zati ons.

Simlar results have been obtained in

ot her | abs. For exanple, this study from M ke
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Lotze's lab |l ooking at the Meth. A sarcoma which has
a P-53 nutation, imunizing with dendritic cells
post with a nutant peptide, you can again inhibit
the growh or cause regression of established
t unors.

The other study | just showed you I
should have pointed out was also an established
tunmor before we started i nmuni zi ng.

In contrast, you can see the dendritic
cells post with the wild-type peptide or post wth
no peptide had no effect on tunor grow h.

So we have been involved in a Phase |
clinical trial that is done with a |arge nunber of
col l aborators, with Chuck Smth and David Contoise
in our lab; with Dave Carbone and John Menna in
Dallas and Vanderbilt; and with Mke Kelly and a
| arge nunber of collaborators working with him in
the Medicine Branch here at NCI; and with a |ot of
hel p from other people in other parts of NCI, Mrris
Kel sey and Jay Greenblatt and their co-workers, and
a nunber of others.

And 1"l just show you one exanple here
of specificity that we can induce in some cancer

patients with P-53 nutations, first of all.
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This is a patient who had on CITL
specific for his nmutation prior to inmunization, but
at 11 weeks and 46 weeks after starting of
i muni zation, here we're looking at |evel of ganmm
interferon response. You can see that the response
to the mutant P-53 peptide shown in the solid bars
has a magnitude that is a substantial fraction of
the magnitude we see to whole flu virus, which has
mul tiple epitopes, and here we're just |ooking at
one epitope. So for single epitope that's quite a
substanti al response.

Whereas there's no response at all --
you can't even see the bars here -- to the wild-type
pepti de. So this is exquisitely specific for the
nmut ati on and, therefore, would not see normal cells
at all, which is the goal we were trying to achieve.

Now, we wanted to know if these would
kill tunor cells expressing nutant P-53, and in this
trial we weren't able to get autologous tunor to
test, but fortunately we now have finally been about
to obtain data along those lines in this very recent
study done by Sarah Gur and Hong Kung in Samr
Khlief's group working with our lab, and this is a
col |l aboration with Bernie Fox and Walter Urba from

the West Coast, who have immunized in this case a
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breast cancer patient with breast cancer cells that
were transfected with the co-stimulatory nolecule
B-7 that you were just hearing about from Jeff
Schl om

And these induced an immune response,
and we asked whet her that inmmune response included a
response that was specific for a mutant P-53 that
was present in this breast cancer tunor.

And so you can see here that, indeed
| ooki ng at autol ogous targets in either the absence
or presence of the nutant P-53 peptide, we get CIL
that are very specific for the nutant P-53. So we
asked whet her these P-53 specific CIL would kill the
tunmor cells.

And so we expanded CTL now with the
mut ant peptide, and as a control, expanded CTL from
the same post immunization PBMC with flu, and you
can see that the CTL expanded with the nmutant P-53
peptide will kill targets, kill the tunmor cells as
targets, whereas those expanded with the control
antigen do not.

So these are mutant P-53 specific CITL
that are Kkilling tunor cells expressing that

mut at i on.
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Now, turning to RAS, for nutant RAS we
have a nore limted nunber of mutations occurring
nmost commonly at CODON 12 as |isted here, and these
have been studied by Chuck Smth in our lab for
binding to HLA nol ecules, and he found that these
bind with a noderate affinity to HLA-A2, but an
affinity in the range that people have seen for
ot her antigens that are recognized by human T cells.

And, in fact, you can see that this
segnent containing the nutation has a classic HLA- A2
binding notif with a leucine at position 2 and a
valine at the C termnus, and we've inmmunized
patients as part of this trial with the various
mut ant RAS peptides corresponding to the nutation in
their tunor.

Here's an exanple of one patient who
made a CTL response to RAS-12 CI'S, a peptide we call
PR- 18, and you can see quite a high specific lysis
conpared to controlled targets with no peptide.

And, again, in this trial we were not
able to get autologous tunor to test this target,
but there are now two publications in the literature
that show that, in fact, these mutant RAS peptides
are presented on tunor cells and can be the targets

of CITL.
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One of these is from Abrans, et al., a
study from Jeff Schloms |ab done in collaboration
with Samr Khlief in Medicine Branch, and they were
able to induce CIL that will Kkill colon carcinom
cells expressing HLA-A2 and this RAS-12 nutant
pepti de shown here, whereas the CITL specific for
MART-1 as a control do not.

And Gertsen, et al., from Norway have
showmn simlarly that this sane RAS-12 valine nutant
peptide is also presented by HLA-B35, and CTL rai sed
against this wll kill autologous tunor cells
expressing B-35, as well as allogeneic tunor cells
that share HLA-B35 but not B-35 negative tunor
cells.

So you can see that these nutant RAS
peptides are presented with at least two different
human C ass | nolecules on tunor cells and can nake
those tunor cells the targets for lysis by CTL that
are rai sed by vaccines.

So in conclusion and in sunmmary, high
avidity CTL are nore effective at clearing viral
infection than low avidity CTL, and the sanme nmay
apply to adoptive i nmunot herapy of cancer and nay be
inportant for designing vaccines both for viruses

and for cancer.
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Epi t ope enhancenent by seguence
nodi fication allows production of nore potent
vaccines by increasing affinity of peptides for
Class | or Cass Il MHC nol ecul es, and you saw proof
of principle of this.

In nurine nodels, vaccines consisting of
dendritic cells presenting nutant P-53 peptides can
elicit specific CIL and treat established tunors,
and in humans, nutations in P-53 and RAS found in
human tunors can serve as tunor as antigens.
Vaccines specific for these nutations can elicit
human CTL that kill human tunors expressing the
correspondi ng nut ant protein.

And so we have a case now where we can
try to apply this approach of epitope enhancenent,
which we're doing now in these cases, to try to
enhance the i nmunogenicity of these peptides, and we
can try to use neasures to elicit higher avidity CIL
to inprove the efficacy of cancer inmunotherapy as
we are trying to do for viral therapy as well.

And you saw an exanple of this that
St eve Rosenberg presented earlier from sone recent
data of their lab where they've been able to apply

epi tope enhancenent to a GP-100 pepti de.
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So | think that these sane genera
principles that have been devel oped originally for
viral antigens will apply to tunor antigens and can
per haps produce nore effective vaccines.

Thank you.

(Appl ause.)

DR. SZNOL: Thanks, Jay.

|'"d like to introduce the next speaker,
Dr. Nicholas Restifo fromthe Surgery Branch to talk
about cancer therapy using a self-replicating RNA
vacci ne.

Ni ck.

DR.  RESTI FO Thank you, Mario, and
t hank you, Raj, for inviting me to this neeting.

I'd like to talk to you today about the
work that we're doing in trying to devel op nouse
nodel s that will help us sort through this dizzying
array of possibilities that we have for cancer
vaccines for use in the clinic.

Now, it's my belief and since | started
in on these efforts alnbost ten years ago that nouse
nodel s can be predictive for the clinic. Some nouse
nodel s, however, may be nore predictive than others,

and | think the quality, the ability of a nouse
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nodel to predict what's going to happen in the
clinic requires a certain nunber of things.

First of all, | think a focus on
treatment of tunors rather than their prevention.
It's a rare chance that we have of being able to
guess a patient that's going to develop a cancer,
and much nore of a commpn occurrence where we're
trying to therapeutically vaccinate a patient.

The other thing is to choose the right
antigens to study, and so |I'm going to focus on our
recent efforts in this direction and focus ny
coments on developing vaccines in a nouse nodel
wher e we use sel f-anti gens, nmel anocyt e
differentiation antigens.

You've heard earlier from Dr. Rosenberg
efforts at cloning the antigens that are recogni zed
by antitunor T |ynphocytes. So | won't spend rnuch
tinme on that.

These antigens are generally nel anocyte
site differentiation antigens, and interestingly,
many of these antigens are involved in the
generation of the actual pignment, nelanin. They're
enzynmes, such as TRP-2, further down the |ine GP-
100, TRP-1, and tyrosinase that are involved in the

actual pignent formation.
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Now, there are a |lot of reasons why we
think these are good antigens, but there's one
reason why they're not, and that is tolerance, the
probl em of i mrune tol erance agai nst nonnutated self-
anti gens.

So to nore directly look at this
question of tolerance, we've done a nunber of
t hi ngs. Specifically, we have cloned the honol ogs
of the human nel anona antigens in the nouse. So
t hese enzynmes have remarkabl e honol ogy between the
nouse and the human.

And by using the actual nouse antigens,
we're able to, | think, nore accurately nodel the
situation of what we're trying to acconplish in
patients.

Now, a nunber of things have been done.
One of themis to identify, now, the genes in the
mouse and to study the knockouts in sone cases of
these genes, where we can study situations where
these antigens are present and when they're absent
in the nouse.

Now, here's a listing of these antigens:
tyrosi nase, TRP-1, TRP-2, GP-100, MART-1, |listed

together with the nouse loci corresponding to these
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genes and alternative nanes which you nay have read
inthe literature.

This is a photo of sone mce which are
knocked out for GP-100, which have a variable
phenotype, sone of which have this nearly albino
appearance, and for TRP-1, which have this nore --
whi ch Chris Tul ukien who's heading this effort calls
a capucci no phenot ype.

(Laughter.)

DR. RESTI FO W have a lot of coffee
goi ng around in the | ab.

So this is very interesting. These are
really on a GC57 black 6 background and he's
br eedi ng t hose.

And so these mce are going to give us
sonme interesting insights, | think, into the
devel opnment of or the issues of tolerance in these
m ce.

Now, using vectors constructed with the
mouse honol ogs of these nelanocyte differentiation
antigens, we've attenpted to do a nunber of things
in normal, nonmanipulated C 57 black mce. One of

them was to generate CTL, which we've been able to

do against nouse GP-100. I won't go into the
details of this. It was recently published in
SAG CORP.
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Journal of Experinmental Medicine, in work done by

Villum Overwick in the lab, where he was able to
generate CTL.

Another one of these, the vaccinia
viruses that he built in collaboration wth Bernie
Moss, the murine TRP-1 had a different effect, and
it induced a profound co-color changes in the C 57
black 6 mce where you see this vitiligo-like
syndrone, sonetines in a dermatomal distribution,
but you can see a real heterogeneity in the
i nduction of vitiligo simlar to what we see in the
patients.

Now, the fur on these mce is absolutely
snow white, as you can see, and remnds us a |ot of
sone of the patients who successfully respond to
I nt er| euki n- 2. Here you see this patch of |ight
hair and |ight skin.

And also, in patients, as nentioned by
Dr. Rosenberg earlier, we see inflammtory regions,
inflammatory areas surrounding either noles or
regressing nelanoma | esions. Here we see a
vitiligo, patch of vitiligo around those.

Now, so what 1'd like to focus ny
comments on is what these aninmal nodels predict for

the future of reconbinant and synthetic anti-cancer
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vacci nes. I mentioned the effectiveness of
targeting nel anocyte differentiation antigens.

Those wvitiligo mce are absolutely
protected from challenge with B-16. The GP-100 CTL
| showed you earlier can be adoptively transferred
to mce bearing established B-16 pul nonary E. nets.
(phonetic), and they can be used to treat. So we
feel that these are valid antigens for targets,
whi ch we can use our vectors to target.

But specifically now, in terns of the
formof the antigen, Jay Berzofsky, | think, was way
out in front in describing the use of these so-
called anchor fixed antigens, that 1is, antigens
whose ability to bind to MIC nolecules can be
i nproved by altering their am no acid conposition.

W have also explored the efficacy of
endoplasmc reticulum insertion signal sequences
both in reconbinant and synthetic immunogens, that
IS, putting the right antigen in the right
intracellular conpartnent, which for Cass | is the
endoplasmc reticulum and finally, the inportant
role for self-replicating nucleic acids.

Now, |I'mjust going to briefly touch on
our efforts at anchor fixing, that is, specifically

to increase the binding of the peptide to the
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restricting Cass | nolecule wwthout inhibiting its
ability to bind to the T <cell receptor that
recogni zes it.

Using these approaches, we found a
naturally occurring anchor fixed epitope, the nouse
versus the human form of GP-100 in mce, in C57
black 6 m ce. The GP-100, 25 to 33, in the nouse
differs in three amno acids from the human, but
that difference increases the binding to D of B
significantly. The human binds nmuch better, and

that's all been reported in HR Mdicine, and that

seens to be an excellent way of breaking tol erance
agai nst GP-100.

We've recently reported in HR Medicine

our efforts at altering the second position of the
209 epitope, which significantly increases its
bi nding to HLA- A2 and sone ot her exanpl es.

Now, using these altered peptides,
either the 209 or the 209-2M 1in the form of a
reconbinant fow pox virus with a form of nodified
GP-100, and this work done in collaboration with the
Thereon Corporation, sonething we hope to get into
patients, we've nodified the human GP-100 at two
positions, the 209 at the 2M position and the 280 at

the 9V position.
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But you can see here in a transgenic
nmouse situation immnization with the nodified form
of the reconmbinant fow pox virus significantly
increases its ability to generate CTL not only
against the nodified form of the 209 epitope, but
against the wld-type form of the 209 epitope as
wel | .

I'd like to comrent now about the
introduction of antigens into the endoplastic
reticulum This is a diagram show ng the transport
of antigens fromthe site, as all three of the TAP
transporters into the ER, but it's also possible to
by pass these TAP transporters by using ER insertion
signal sequences, and this wrk was done in
col |l aboration with John Udall and Jack Bennick of
t he NAI Al D.

Wat we've done is we've wused an
insertion signal sequence from the E-3-19K protein
of the adenovirus and attached that to the nodified
form of 209-2M

Now, used in a mni-gene formis another
construct that we're very excited about. W plan on
exploring the use of this reconbinant pox virus,

specifically with enphasis on the fow pox virus, in
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patients wth nelanoma, again, another construct
built for us by the fol ks at Thereon.

Usi ng the ES sequence together with the
GP-100, the 25 to 33 epitope, again, you can see
that we can do things with the ES nodified peptide
that we can't do with the native peptide.

So, again, you can see there are many
conbi nati ons of using anchor fixed peptides al one or
in conbination with ER insertion signal sequences.

Now, the final part of nmy talk, 1'd like
to comment about the different vectors that we have
available to us. Using these, the nouse honol ogs of
t he human differentiation anti gens, we' ve
constructed a nunber of different reconbinant
Vi ruses, including vaccinia viruses, fow pox
viruses, their nonreplicating cousins, transfectant,
so-cal |l ed transf ect ant | nfl uenza A viruses,
transfectant because you add an additional really
chromosone into the flu virus, and reconbinant
adenovi ruses.

Now, we've also begun to | ook at other
forms of the antigen, including naked DNA in a
nunber of forns, as well as Bacul ovirus proteins,
and you've heard about the synthetic peptide

efforts.
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Now, we've heard also quite a bit about
dendritic cells, one of the cells we think is
central . This is where we're trying to get our
vari ous vaccines, our reconbinant and synthetic
anti-cancer vacci nes.

The evi dence that we have that dendritic
cells are the active cell in the use of reconbinant
pox virus cones from evidence where we were trying
to optimze the pronoters that we were using in our
reconbi nant pox viruses.

We used pronoters. Now, the nunber here
is the relative anmount of our nodel antigen, beta-
GAL that was produced if you use the P-7.5 pronoter
as one. W had pronoters that could produce 300
tinmes nore beta-GAL than the normal 7.5 pronoters.
These are synthetic pronbters in vaccinia virus, but
those weren't the nost powerful pronoters in
treating tunors.

It was the early pronoters, even if they
were relatively weak conpared to the |late pronoters
and that had to do with their activity in dendritic
cells.

In the use of pox viruses though, I
think in some ways we're a victim of our own

success. Vaccinia virus was used in the successfu

SAG 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

257
eradi cation of smallpox essentially fromthe face of
the world. It's only around now in a couple of
| abs, probably nore labs than we think perhaps, but
the vaccinia virus eradi cation program t he
eradi cation of small pox was a profound success.

But people renenber that vaccination
even if they got it 50 or 60 years ago, and the
neutralizing antibodies, the preexisting antibodies
against vaccinia virus survive in our patient
popul ati on. Any patients older than about 30
general ly have these neutralizing titers.

Now, the titers against fow pox virus,
except mybe in a few chicken farners, are
relatively low, and so we have focused our efforts
on the reconbi nant vacci nes on the fow pox virus.

But the general problem of vector
associated proteins is a real one. Vaccinia virus
expresses over 200 genes, and there's going to be
immunity that's going to prevent the repeated use of
t hese vectors.

And you can see that Influenza A a

relatively small virus with eight genes and eight

gene products, ten -- sorry -- gene products, 1is
smal | er, but there's still vector associ ated
pr ot ei n.
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So we've ainmed our sights at naked DNA
as an i nmunogen. Now, we believe that naked DNA
works in nmuch the sanme way. 1In a collaboration with
Ron Jermain and Angel Porgidore, we've explored
exactly how these plasmds work, and we feel and
have published recently that bone marrow derived
antigen presenting cells are the likely targets for
t hese nucl ei c acid vacci nes.

But there may be sonme role for the
regurgitation of antigen or even the direct
expression of antigens in transfected nyocytes, for
exanpl e, after intramuscular injection.

We have in collaboration with fol ks at
VICAL initiated a clinical trial where we use a
nodi fied form of the human GP-100 with the 209-2M
nodi fication, the 280-9V nodifications in patients,

and there are a ot of things you can do to optim ze

a vector.

You can renove the three prinme and five
prime untranslated regions. You can optimze the
pr onot er . You can introduce nuclear processing

signals to nmake these vectors better, controlling
t he pol yadenyl ati on sequence.
But we may have to mmke these vectors

even better. There are two major problens that we
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see wth the use of these vectors in the current
t echnol ogy. One is the efficiency with which the
vectors get into the appropriate cells, antigen
presenting cells. That's the first one.

But the second one is the power. Do
t hese vectors have the kind of power that the viral
vectors have? And they clearly don't if you conpare
them with the reconbinant viruses that we're using
in preclinical studies.

So what we've done is we've devel oped a
replicase-based vector. Now, this is an attenpt to
make DNA nore simlar to a viral infection. What
we've done is -- and this is all work really
spearheaded by Han Ying in the lab and how he's
recently been joined by Wlfgang Leitner -- where a
CW pronoter is placed in front of a replicase gene
derived from alpha viruses, either Senbis virus or
Sem i ki Forest virus.

That replicase gene is then able to copy
an RNA, a positive stranded RNA into a negative
stranded RNA and back again, and this can lead to
massi ve anplification of the RNA

You can also use just an RNA form of
this virus, and in that case you don't need a CW

pronoter where you insert the replicase conpl ex.
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We've constructed all of the appropriate
controls for these vectors, and when we neasure
their ability to induce CTL, we see sonething that
we don't see with conventional plasnma DNA vectors,
the ability to induce specific CIL at extrenely | ow
concentrations of RNA shown on this slide.

So in subm crogram |l evels of RNA, we can
i nduce a specific antigen recognition of these tunor
targets or peptide pul sed tunor targets.

Furthernore, sonething that we don't see
wi th conventional plasma DNA, we can see treatnent
of established tunor wth an increase in survival
and not shown here a decrease in the nunber of
pul nonary nets.

e devel oped this replicase-based
pl asm d, RNA and DNA inmunogens, wth the goal of
increasing the antigen production, but when we
measured the amount of antigen that was actually
produced, it was just a little nore than twofold
nore antigen conpared with a conventional optimzed
plasmd, just a little better. So we had to | ook
for other reasons why it was better.

When we actual ly neasur ed t he
production, however, we saw that the cells were

alnost uniformy dying quantitatively after this
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and this death was apoptotic, and you could inhibit
that death or at least delay it by the addition of
CAS- based i nhi bitors.

CAS- based are enzynes that are involved
in signal transduction in the nediation of apoptotic
deat h.

Now, we've heard a |lot yesterday about
apoptotic cells and how they may feed into dendritic
cells, and we think this mght be a clue to why
these vectors work better, but there are clearly a
nunber of potential effector nechanisnms why the
replicase-based nucleic acid vaccines are nore
effective.

And so what do aninmal nodels predict for
the future of reconbinant and synthetic anti-cancer
vacci nes? They predict the effectiveness of
targeting nelanocyte differentiation antigens, |
think a point that's been borne out in the clinical
st udi es.

They predict the use of anchor fixed
antigens that have increased binding to VHC.

They predict the efficacy of using
endoplasm c reticular insertion signal sequences to
put the right antigen in the right intracellular

conpart ment .
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And they predict an inportant role for
the use of self-replicating nucleic acid vaccines.

Now, the cell m ght be the basic unit of
life, but the bench researcher is the basic unit of
getting these results, and these are the people that
did the work: Mark Theore, Villum Overw ck, Chris
Tul uki en and Tanir Al weiss, Carie Ervine, Han Ying,
and Wl fgang Leitner, and Debbie Sernon, and we've
recently been joined by Peter Entage.

And so | thank you for your attention.

(Appl ause.)

DR. SZNOL: Thank you.

The | ast speaker for this session 1'd
like to introduce, Dr. Bernie Fox from the Earle
Chil es Cancer Research Center in Portland, Oregon.

Berni e.

DR.  FOX: You did a great |ob. Now |
know why 1've got gray hair. [It's vitiligo.

(Laughter.)

DR. FOX: Too nuch i nmunol ogy, too nmany
adj uvant s.

VWat |'d like to do this afternoon is
tell you a story that's developed in ny | ab over the
last two years, and while a big focus of this

nmeeti ng has been on the antigens and on the vacci nes

SAG 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

263
and trying to characterize those, the focus of our
efforts have really been to try and understand the
ef fector mechani snms that are invol ved.

And it's kind of nice to follow N ck
because | think a lot of what we're looking at is
tol erance, and | hope that | can tell you by the end
of this talk that we think tolerance is also
involved in this nechanism but it's a different
formof tolerance at least in the early stages, and
it's the form of immne deviation, where we think
it's the devel opnent of an ineffective or
nondestructive imrune response that develops in
response to vaccination that sonetinmes biases the
I mune response away from a therapeutic response.

If I can have the first slide.

So the goal of ny |aboratory has really
been to use adoptive i nmunot herapy as an approach to
identify the cells that nediate tunor regression
with the idea being that you could then induce these
cells in vivo wthout having to do adoptive
transfer.

The nodel that we've used is a nodel
that C. U Shu developed while in Steve Rosenberg's
lab back in 1985, and it involves vaccinating

animals with a tunor and then seven to ten days
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|ater renmoving the draining |ynph node cells that
drain that tunor vaccine, and so you showed
initially that if you stinulate those cells wth
tumor, you then can draw -- and provide | ow doses of
or high doses of IL-2 and then subsequently |[|ow
doses of IL-2 -- that you can generate cells that
were therapeutic and would recognize that tunor
specifically in vitro and nake cyt oki nes.

And the specificity was really conferred
by the vaccine, and so if you took |ynph node cells
that drained a vaccine and stimulated them wth
anti-CD-3 or subsequently with super antigens, the T
cells that come out are exquisitely specific for the
tumor that prinmed their generation initially in
Vi vo.

And this all works fine wth weakly or
strong i mmunogenic tunors, but falls apart when you
use tunors that are nore poorly or noni munogenic,
and that ['lIl define as an animal that's been
vaccinated with tunmor, with an irradi ated tunor, and
you cone back and challenge 14 days later with a
m ni mal t unor dose. | f t hat t unor gr ows
progressively, that's a noninmunogenic tunor or

poorly i mrunogeni c tunor.
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So when you do that in a poorly
I mmunogeni ¢ setting, you had to do sonething else
because the |ynph node cells would never work, and
so what we did initially in collaboration with Fred
Chang and C. U. Shu and Wndy WAhl and Gary Nabl e and
Geg Plautz who's here, we |looked at an aloe
nodi fication of that tunor vaccine and showed that
if you aloe nodified the tunor, that the |ynph node
cells that cane out once you stinulated them with
anti-CD- 3 and expanded themin | otuses of IL-2, they
were now therapeutic, and that was the basis for a
clinical trial that we've actually just finished.

So in background, the tunor we're going
to use in these studies is the D5. [It's a subclone
of B-16-BL6. It's poorly inmmunogenic in that
i mmuni zation fails to protect T cells from D5.
Tunor vaccine draining |ynph nodes are not
t herapeuti c.

However, when we went and |ooked at
them we found out that those |ynph node cells that
are nont herapeutic do down-regulate L-selectin, and
that's inportant because down-regulation of L-
selectin is a well established marker for recently

activated T cells and nenory T cells.
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And back in 1996, Kagamu, working in
C.U Shu's |lab, denonstrated that L-selectin |ow
tunor vacci ne draining | ynph nodes were enriched for
therapeutic T cells in a weakly immunogenic tunor
nodel .

So we went ahead and asked the question:
will these L-selectin low cells in the D5 vaccine
nodel nediate tunor regression if we activate them
and adoptively transfer thenf

And the nobdel we used, again, was we
vacci nated animals and seven to eight days later
renoved the |ynph node cells, used the MIlton E-
beads to separate the L-selectin low cells out from
there over a colum so that you have total cells
here with a small percentage of cells expressing | ow
| evel s of L-selectin. This is |ooking at L-selectin
expressi on by FACS.

And you can separate those cells using
the beads into either |Iow or high populations. (']
went ahead and activated those cells with anti-CD 3,
expanded them in [1L-2, and then tested their
activity.

And since this data was published in Jl
back in Septenber, | thought 1'd just summarize it

by showi ng you here that when we take the D5 tunor
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vaccine and | ook at the L-selectin low cells, after
expansion wth anti-CD-3 and |L-2, they are
exquisitely specific for the tunor that prined them
in vivo, but they're not therapeutic. They're
exquisitely specific in that they mke Type 2
cytoki nes. They make |1L-4 and IL-10.

When you take our therapeutic vaccine
and |l ook at the L-selectin lowcells there, you find
that they nmake interferon gamma w thout nmaking IL-4
or IL-10 and are specific and therapeutic.

So why hasn't soneone already nade this
observati on t hat you see in t hese poorly
i munogenic, in this one poorly inmunogenic tunor
nmodel , these prine Type 2 cells?

And | think the reason was you need to
enrich for these sensitized cells to be able to pick
it up above the background, and so thinking about it
a little bit nmre, Hung Mng Hu, who's a Ph.D
student in the lab, knew all of the data that's been
out there in the infectious disease literature and
the rest of the immunology literature that cytokines
derive uncommtted T cells to differentiate along
different paths, and if you use anti-IL-12 and anti -

interferon ganma and supply a source of Type 2
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cytokine, IL-4, you can derive uncommtted T cells
to a Type 2 profile.

And you can do that in reverse and use
anti-lL-4 and a source of IL-12 or interferon gama
to derive Type 1 <cells, and that's been well
docunent ed.

So we developed a hypothesis that it
woul d be possible to shift the tunor specific Type 2
response towards a Type 1 response that would
medi ate tunor regression, and so the experinment was
set up like this.

Again, we took out the L-selectin |ow
cells from a D5 vaccine, and we either cultured
them with anti-CD-3 and I1L-2, as | showed you
before, or with anti-IL-4, IL-12, and IL-2.

And then we |ooked at their activity
both in vitro and in vivo. [|'Il first show you the
in vitro data.

VWhat we're | ooking at here is interferon
gamma or |L-4 secretion. W're |ooking in picagranms
per nL, and these are T cell stinmulator with either
nothing, wth specific tunor, wth an unrelated
prostate cancer, which is on a black 6 background or

2Cl11.
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And what you see is the black bars of
the D5 vaccine draining |ynph node cells, and you
can see they've got low levels of interferon ganmm
and nmake |IL-4. If you look at the ones that were
cultured in red wth anti-1L-4 and I1L-12, you can
see they're now polarized nore towards the Type 1
and that t hey' ve got nore interferon gamma
secretion, less IL-4 secretion, and they're getting
nmore conparable to our therapeutic vaccine, the D
5K-D, which has got good levels of interferon gama
and |l ow | evel s of IL-4.

Wen you ask if these are therapeutic,
what you find is that the L-selectin low cells from
t he D5 vacci ne don't medi at e significant
t herapeutic effects, but if you culture them wth
anti-l1L-4 and IL-12, you see this effect becone nore
promnent, and now it's highly significant, and
we' ve reproduced this in another nodel, the BALB G4
T-1 nodel for breast cancer.

So in summary, what we've seen here is
that if you take the D5 vaccine, which 1is
nont herapeutic normally, and if you take the L-
selectin low cells and culture them with anti-CD 3
and IL-2, that you get a tunor specific Type 2

response that's nontherapeutic, but if you culture
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those sane cells that were prined in vivo with an
ineffective vaccine wth anti-I1L-4 and IL-12, vyou
now get a Type 1 immune response which 1is
t her apeuti c.

And so what this suggests is that the
noni nunogeni ¢/ i munogeni ¢ tunor D5 does, in fact,
sensitize T cells to tunor rejection antigens, and
that to see those therapeutic T cells, you have to
polarize the T cells to a Type 1 response, and then
that will uncover that therapeutic efficacy.

So what | suggest is that nmaybe we've
heard a | ot about the two signal nodel, and | think
that this is starting to think that there's nore
than just two signals to this hypothesis, and so
while there's certainly antigenic and co-stimulatory
signals, there may also be polarizing signals that
will direct cells to be one way or another that are
probably inportant in vaccine strategies.

And so the question canme up, of course,
and you've shown this in D 5: Is it only the D5
tumor nodel where a correlation exists between this
ability where a Type 1 inmune response 1S
therapeutic and a Type 2 response i s nontherapeutic?

So we've done a nunber of different

tunmor nodels. These first three, the MCA-300 series
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are tunors that were developed in ny |lab by John
Gsterhol tzer initially and Eric Hunt zi cker
characterized them and the three that |'ve |ooked
at here are of various immnogenicities. In fact,
the MC-304 is very strongly imunogenic. About 90
percent of the animals would be protected by a
si ngl e vaccinati on.

Wiile 310 falls nore into the weakly
I munogeni ¢ tunor in that imuni zation only protects
about 25 percent of the aninals. There's anot her
series of tunors we'll cone back to in a m nute.

But when you |l ook at the tunor vaccine
drai ning |ynph nodes from the MCA-300 tunor series,
so if you vaccinate the animals, renove the |ynph
nodes eight to ten days later, separate theminto L-
selectin |low populations, and then stinmulate them
with anti-CD-3 for two days, expand them on |L-2
and then you | ook at day five for the tunor specific
stinmulation to see what cytokine profile they nake,
what you see is an interesting correlation between
i mmunogenicity and the level of Type 1 cytokines
t hat they make.

And the open bars are |ooking at
interferon gamma, and in the solid bars we're

| ooking at I1L-4. This is on a |l og scale.
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So the MC-304 tunor, which is strongly
i mmunogeni c, has a dom nant interferon gamma
response with very low levels of I1L-4, while the
nmore weakly i mmunogenic MCA-310 has a strong IL-4
response and a |l ower interferon gamma response.

So we're looking for a way to sonehow
| ook at lots of data and conbine it, and this is the
mean of three separate independent experinents, and
so we're looking for ways to try to look at
correl ations between whether you had an interferon
gamma response or an |L-4 response and how that
m ght work in situ.

So  what we did was |ook at a
relationship of a ratio. So if you take on a
pi cagram per picagram basis and take interferon
gamma and conpare it to IL-4, you can develop a
ratio that | ooks sonmething |like this.

And so we've got an interferon gamma/l L-
4 ratio here, which is again on a log scale, for six
different tunors, and 1've got their levels of
I mmunogeni city here on the bottom

This is three separate experinments in
each area. The black bar is the mean of those three
experinments, and so if you ook at the nore strongly

i mmunogeni ¢ tunors where 90 percent of the aninmals
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are protected from a tunor challenge, you can see
that they've got a very high level of interferon
gamma to IL-4, and the ratio is sonewhere near 100.

And as you look at tunors that are nore
weakly or poorly imunogenic where you don't see
protection, you see that their I1L-4 to interferon
gamma ratio, there's nore |1L-4 than interferon
gamma, and in fact, this is probably nuted because
you're limted by the |ower |evel detection of your
i nterferon gamm.

And so, in fact, we're limting here, |
think, at 20 picagrans per nL, which is our |owest
| evel of detection, and so if you've got 40 or 80 or
80 or 100 picagranms of IL-4 and you divide it by 20,
it could really only be one. So they actually may
be much, nuch, nuch | ower.

So in sunmary, from those studies we've
now concl uded that devel opnent of a tunor specific
Type 1 cytokine response correlates wth the
devel opnment of protective anti-tunor response to a P
value of .01 at least for these tunor nodels, and
I'"d like to say that even though you develop this
Type 1 response, those animals, if they were given
the vaccine, which is a live, progressively grow ng

vaccine, they wll not reject that vaccine. It's
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only in a vaccine challenged system that you'l
uncover the beneficial effect of developing this
Type 1 response.

So our conclusion, at |least again in
these six and actually now ten different tunor
nodel s that we've |ooked at, that the failure of
tumor vaccination is due to the nature of the
elicited i mune response and not to its absence.

So we thought about this a bit and
devel oped this central hypot hesi s t hat t he
devel opnment of a tunor specific Type 1 cytokine
response is critical to the generation of
t herapeutic T cells.

And we thought about sone ot her
observations, and the observations were vaccine
strategies in naive mce are generally effective
However, clinical vaccine trials generally fail, and
we knew that D-5 induces a tunor specific Type 2
response, and thinking about the literature and
t hi nking  of i mune deviation and functional
sil encing going towards energy, wondering whether or
not does D5 tunor induce tolerance in the tunor
bearing mce and will system c tunor burden affect a

generation of therapeutic T cells from TBDLNR m ce
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and in the patients that we treated in the vaccine
trials?

And what we did is we vaccinated either
nai ve or tunor bearing mce with our aloe nodified
D-5K-D vaccine and adoptively transferred those
activated T cells to other mce that bore tunors.

These are four different experinents.
If you just look at the first experinment, what you
see is that the D-5K-D sensitizes T cells in naive
animals to nediate a therapeutic antitunor effect,
but in the animals that were given system c tunor
five to seven days prior to vaccination, they |ost
all the antitunor efficacy in all four of the
experinments | present here.

So we wer e unabl e to generate
t herapeutic effector T cells from the tunor vaccine
drai ni ng | ynph nodes of the tunor bearing m ce using
the D-5K-D vaccine, and we had the question: how
can we overcone this tolerance?

And thinking about the work that was
done with the G CSF vaccines, which Drew reviewed
yesterday, we thought we'd try the GW CSF transduced
D5 tunmor, D5G, which was developed in Fred

Chang's lab at the University of M chigan.
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And what we found there is D56, when
you vacci nate naive mce with that vaccine, you get
very highly therapeutic cells which essentially cure
100 percent of the mce, and these mce go on to be
immune and protected from a subsequent tunor
chal | enge.
But if you do this vaccine in a tunor
bearing nodel, you get a very simlar effect. | t
may not be quite as strong because we have sone
animals that go on and will die of their tunor, and
inthis case we're | ooking at pulnmonary nets. So it
didn't clear them all out, but generally they're
very highly effective
And just to show you that, and | put
this slide in because the discussion this norning
when Jeff Sosman raised the question about tunor
vacci nes and what do they sensitize T cells against,
and in collaboration with Elizabeth Tsung initially
and Tim Fong and Marty G dwin and others, and Dale
Endoe initially at Chiron Viagene or Viagene and
Chiron, we |ooked at 20 different GP-100 peptides,
TRP-2 and sone ot hers.
And what we show here is [|ooking at
fresh vaccine draining |ynph node cells just pulsed

with peptides and put into ELISPOT assays, and the
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ot her peptides are essentially absolutely negative,
but what you can find is ratios or spot formng
cells, frequencies of interferon gammma secreting
cells to at least these five different GP-100
pepti des that range sonewhere between one in 6,000
and one in 8, 000.

And then if you take those cells, expand
themwith anti-CD-3 and |IL-2 and cone back and pul se
them with peptides, you can see specific cytokine
response to those peptides.

You can al so expand those cells up and
adoptively transfer them and they nediate antitunor
effects.

I f you then | ook at though, getting back
to the tunor bearing mce, so | told you that we
took D-5K-D vaccine, and we tried to take those and
we put that into a nouse that has a system c tunor
burden, and we were unable to generate therapeutic
cells fromthere.

So what was the phenotype of those
effector cells that we were transferring into the
m ce? And when you | ook at their cytokine profiles,
and |'m conparing here the naive mce in the open
bars and the tunor bearing mce or the effector

cells from the tunor bearing mce in the red bars,
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you can see that they've got a decrease in tunor
specific interferon ganma, but they still have sone
tunmor specific interferon gamma, but these cells are
conpletely ineffective.

If you ook in the D-5G5 vaccine in the
tunor bearing mce, you can also see they've got a
big reduction in tunor specific interferon gammm,
but yet' they're still highly therapeutic and w ||
cure animals and provide long-terminmunity.

So there are so many questions there.
It's not what we thought it was going to initially
be with immune deviation where you' d polarize the
Type 2 response because essentially the IL-4 data,
which | didn't show you, is negative, but there's
sone other mechanism and maybe it's functional
silencing going towards energy that's happeni ng, and
that's a current effort in ny |laboratory that we're
wor ki ng on.

So a sunmary from those studies is that
the GMCSF nodified tunor vaccine can break this
what we're thinking of as tolerance in |oose terns
in the tunor bearing m ce, and that t hese
therapeutic T cells have reduced tunor specific Type

1 cyt oki nes.
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So we also have ongoing a series of
clinical trials based on our animl work, which are
being done in collaboration wth Walter Uba, ny
clinical colleague, and John Smith and several
surgeons back in Portland, where patients are
vaccinated with their autol ogous tunor that's either
been aloe nodified to express HLA-B7 or mxed with
BCG and the tunor vaccine draining |ynph nodes are
renoved seven to ten days later. They're activated,
expanded, and gi ven back.

We've had extra cells on a nunber of
t hose patients, and so we've separated theminto L-
selectin low and L-selectin high populations,
expanded themwith CD-3 and IL-2 to see what their
cytokine profile was and whether or not we could
actually enrich for the tunor specific T cells in
t hese patients.

And what 1'd like to say first is if we
take the total population that we're able to
generate tunor specific cells, tunor specific cells
in fact that in the case of both renal and nel anoma
that will recognize certain other aloe nelanonas,
but not a whole panel of other nelanomas that are

aloe, and we're currently in the process of | ooking

SAG 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

280
at whether or not in the nelanoma case which GP-100
pepti des they recognize.

But what we've seen is when we |ook at
the bul k population that we activate with anti-CD 3
and IL-2 and these are the cells we give back to the
patients, we see a mx of both Type 1 and Type 2
cytoki ne responses that appear to be specific in
many cases for the patient's autologous tunor, and
that when we | ook at the L-selectin |ow population
they seemto be enriched nore for Type 1 rather than
Type 2 cytokine profiles.

And interestingly enough, we thought
that the L-selectin high popul ati on, which shoul d be
naive cells, would actually have a |ower frequency
like we saw in the nouse of tunor specific cells,
but, in fact, we find that they' ve got an enriched
popul ation at least in one of the patients that we
studied so far, and | would say that these are so
prelimnary studies that we've only |ooked at four
patients, but we've seen that at least in this one
case, we saw an enriched Type 2 response in the L-
sel ectin high popul ation.

Then we went back to the literature and
found a report froma Japanese group that said that,

in fact, that was what they had found as well.
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But nore inportantly, because we believe
that in our nouse nodel and we want to translate the
mouse nodel to the patients, we | ooked at whether or
not we could take the TBDLN that we have, that we
knew were giving us mxed Type 1 and Type 2
responses, and whether or not we could polarize them
with an IL-4 antagoni st and expand themin IL-2 and
devel op a Type 2 response.

And these were studies that were done in
col |l aboration with Raj Puri, who provided the IL-4
mut ant pr ot ei n.

And what we've shown is that the nutant
IL-4 can inhibit the developnent of T cells wth
tumor specific IL-10 secretion, which we're taking
as a Type 2 cytokine profile, and what we're | ooking
at here is we're looking at tunor specific |ooking
at IL-10 or TNF beta secretion, TNF beta being
another Type 1 cytokine, and we're looking at T
cells cultured alone wthout any other nutant |L-4
or with an escalating dose of nmutant I1L-4 added
during the culture period of 210 or 100 picagrans
per .

| can't see the colors very well, but I

think the black bars are the T cells alone. The red
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are the bars of the T cells cultured with autol ogous
tumor or an unrelated renal cell 79 tunor.

And what you see is you see 1L-10
secretion that goes down wth increasing, escalated
dose of nmutant IL-4 protein, while you maintain your
Type 1 or TNF beta secretion with those sane cells.

And so our hope is that this would be a
source of Type 1 cells that we could use in adoptive
transfer studies.

So tunor progression in a Conpton host
may be explained by a nunber of nechanisns, and |I'm
not trying to say that immune deviation is the
answer, but certainly T cell ignorance has been well
docunented, and energy is also a possibility for why
t unors progress.

| mmunosuppr essi on wth di fferent
nol ecul es deletion, but | just want to say that
i mune deviation is another alternative, and 1'll
stop here, in ny concl uding.

There's a lot of people in nmy |lab many
of whom have noved on, but John Osterhol zer and Eric
Hunt zi cker hel ped devel op the 300 tunors. Hong-M ng
Hu has done the majority of experinments that we've

presented. Hauke Wnter, who's a surgical resident,
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and Joffer Bashi and David Lashley who are also
urology residents in the lab did the prostate stuff.

My clinical colleague, Walter U ba, who
allows all of this to happen and hel ps us translate
it into the clinic.

John Smth, Bill Wod, Bruce Lowe, John
Bettle, surgeons that have worked wth us. Andy
Wei nberg, Pete Boyd Cantab who have hel ped supply
t hi ngs. Raj, people at Viagene who have hel ped us
with the GP-100 peptide stuff, and people at VI CAL,
Mck Croft and Carl Ware and Bob Mtler with sone 4-
BB stuff | didn't get a chance to present.

Thank you for your kind attention.

(Appl ause.)

DR. SZNOL: Whuld all the nenbers of the
di scussi on panel please cone up, and, Pat, | believe
you're chairing this session

DR, KEEGAN: Al right. well, the
issues to be addressed during this panel session
woul d be sone consi derati ons about t hese
i mmunol ogi cal assessnents that mght help us guide
in the clinical devel opnent of these agents.

And some of the concerns that we have in
terms of the imunologic assays are, first, that

they would be relevant to the effective nmechani sns
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for tunor vaccines; that they can be standardized
and reproduci ble assays, which are inportant both
for the initial devel opnent, but even nore
inportantly for advanced developnent in Phase |11
trials where considerations of reproducibility
across centers or whether or not there needs to be a
centralized |l aboratory in place.

That t here be sone evi dence of
discrimnatory ability, which again is inportant in
the initial studies for dose and schedul e
optim zation, but also for considerations of post
mar keting bridging type studies when there m ght be
nodi fications of the product, that one m ght be able
to use sone of these assays for such bridging

studies as one does in prophylactic vaccines for

infectious diseases, as well as sone issues
regarding characterization of patients’ i mune
states in a Basil prevaccination and how those
i ssues m ght I npact upon assessnent of t he

i mmunol ogi cal assays.

So | qguess the first question really
addresses the one about the relevance to the
effector nechanisns and how does one go about
determ ning which assay to utilize, what kinds of in

vitro and preclinical animl nodels are wuseful in
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choosing the appropriate assay to assess i mmune
responses in the clinical trials, and what kinds of
t hi ngs woul d one want to control for, assess in the
patient popul ation to determ ne whether or not these
have i npact on the inmune responses.

And we could probably just start if
anybody wants to start with the initial question or
we could go down the panel, and now from Jay's side.

DR ROSENBERG You know, wth respect
to the assays used, | think we heard a | ot about the
many different assays today, but we need to renenber
that virtually all the assays that we di scussed were
measurenents on peripheral blood, and peripheral
bl ood may be exactly the wong place to be | ooking.

We can neasure with the peptide vacci nes
very high precursor frequency levels in the one to
two to 3,000 range in nany patients. Again, that's
what you would get after infection with flu, and yet
in the face of those high precursor levels, patients

do not show responses.

And, again, so long as the cell is in
the circulation, it's not likely to be able to
i npact on a tunor. It has to becone extravascul ar
and get into the tunor strona. So we need to be
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enphasi zing sonmewhat nore looking in the tunor
strona.

Further, when we give Interleukin-2
along wth these peptide vaccines, even now, even
t hough 40 percent or 42 percent of the 31 patients
in our trial responded, the nmeasurenent of
precursors in peripheral blood did not increase. It
decreased significantly, and we don't have a good
explanation for that, but perhaps it's because those
cells left the circulation, indirect tunor sites or
go to tunor, and in the face of IL-2 or apoptosed,
we don't fully understand that.

Wth respect to the relative sensitivity
of the assays, we have in those peptide vaccine
trials directly thus far conpared the bul k cytoki ne
rel ease assays, ELISPOTI assays, limting dilution
assays, and now with Drs. Lee and Mrankle the
tetramer assay, and nothing in our hands has been
nore sensitive than just a bul k assay of peripheral
bl ood nononuclear cells that are exposed to a
specific peptide.

The tetraner assays, which are el egant,
are, of course, limted by the sensitivity of FACS
and so one can't reproduci bly see precursor

frequencies that are going to be less than one in
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1,000 just because of limtations of the background
noi se in nost FACS assays.

DR.  KEEGAN: Dr. Berzofsky, would you
i ke to coment ?

DR. BERZOFSKY: | think | agree with the
cooments that Steve nmade about |ooking in the
peri pheral blood wunfortunately may not be the
optimal site to | ook even though that's what we have
access to.

W haven't done the conparison that he
just described between these different assays.
W're trying to set sonme of them up, but in
i nfectious di sease nodels, we've certainly been able
to see a correlation between CCL lytic activity and
virus clearance, as well as between interferon gama
production and virus cl earance.

And | don't know how nuch that wll
correlate, of <course, wth tunor clearance, but
certainly in those animal nodels you can actually
show cause and effect in sone systens.

| think it remains to be seen exactly
which are the right cells we should be |ooking for,
and we' ve heard today exanples of cytotoxic T cells,
as well as exanples where TH 1 responses conpared to

TH 2 responses were very inportant, and ultimtely |
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think all of these, as well as potentially
anti bodies, may play a role.

So I'"'m not sure we can limt ourselves
to any single assay at this point because each of
those wll give us a different wndow on the
response, and unti | we have real clinical
correlates, it's hard to know which of the responses
W Il best correlate with clinical responses.

DR, SCHLOu I'd like to ask the people
working in the clinical nelanoma setting have they
| ooked at different tinme points at precursors, one
week after inmmunization, two weeks. Mst people are
taking their sanples, | think, three or four weeks

after i nmunization. Has anybody | ooked at tenpora

factors?

DR FOX Actually we have. W have,
t 0o. I think Fred Chang has got data on that as
well, and that is that when you vaccinate and | ook

at one week after vaccination, and we have the
draining |lynph nodes to go in parallel with that
you can find high nunbers of tunor specific cells in
the draining |ynph nodes while the peripheral blood
are uniformy negative for the sanme cells.

So activated with CD-3 and expanded in

| L-2, they have no antitunor activity, whereas you
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can find in sonme cases a high frequency of tunor
specific T cells in the draining | ynph nodes.

PARTI CI PANT: Maybe | can comrent on
this because we've done serial kinetic studies of
peptide specific CD-8 responses following multiple
I mruni zat i ons, and neasuring CD-8 responses
followng tw, four, and seven inmunizations, what
we found is that the peak of the response was after
the fourth i mmuni zation, and after that the response
fell off.

What isn't clear is whether the response
fell off at that point because the inmmunization
schedul e becane longer, that is, it was a |onger
tinme, you know, between inmunization.

But clearly the kinetics of the response
are very inportant, and the tinme you pick to neasure
your assay Is going to inpact on the results that
you get.

But, you know, 1'd like to nmake one
comment if | can, which is that I'mnot sure that at
the present tinme we really know, you know, what the
nost inportant parameter of the immune response is
that we ought to neasure to look at protective

ef f ect.
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| mean, clearly CD-8 responses are very

i nportant. There's considerable evidence that

anti body responses are inportant. There's evidence

presented by Dr. Mrton, and we've had, you know,

simlar data that the conbination of responses
correlates best with inproved clinical outcone.

O her cell types would be inportant, CD
4 cells. NK cells may be inportant, particularly in
advanced tunors when the tunor may | ose HLA nol ecul e
and, therefore, will no |longer be susceptible to be
killed by CD-8 cells.

So one point which | wuld like to
stress is that at least in the scientific evaluation
of vaccines, not necessarily in the regulatory
aspect, that one neasures nultiple paraneters of the
i mmuune response until we have a better sense as to
what is really inportant, and nost |ikely what wll
turn out to be inportant is that all of themw Il be
inportant to different degree and in different
stages of tunor evol ution.

PARTI ClI PANT: Could I just extend that
cooment? | also feel badly that antibody has gotten
such short shrift.

(Laughter.)
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PARTI CI PANT: When you have mninma
residual disease where antibody has access to the
tunor cells, we already have several instances
clinically where they have been very effective.

But the problem is that people expect
them to be effective because of their conventiona
ef fector mechani sm bringing in ADCC fixing
conplenent, et cetera, but in fact, antibodies
properly used which nmultinorize (phonetic) the
receptors are very powerful as agonists in inducing
apoptosis and cell cycle arrest.

That's how they should first be
screened. Then you could put on the right cassette
to get a maxi mum effector function, and | think in
that setting, where you have access to cells, where
they have powerful signaling effects and effector
effects, they wll synergize with T cells, and
that's what we've observed in a nouse nodel where we
can induce dormancy by a very strong anti-id
signaling antibody, but T cells synergize with the
ant i body.

DR. KEEGAN: Ckay, Yyes.

DR.  WEBER One piece of nouse work
that's recent suggests that during and just after

the peak of a wviral infection in a nouse, the
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conval escent levels of CD-8 positive T cells are
extrenely high. It's not one in 5,000, not one in
1,000. We're talking ten, 15 percent of all the CD
8 T cells may be viral specific.

And it could be that one in 5,000 or one
in 2,000 is sinply not a threshold Ievel of CTL that
are antigen specific in nelanoma to induce either
protection or aggression. It could be that you
literally have to get up to one in ten to be able to
see a positive clinical effect.

|"m not saying that's the case. "' m
just throwing that out as a thought, that we nay be
way off in the potency of our inmmunizations. I f we
can generate one in 1,000, for exanple, it may just
be off by a factor of ten or nore.

DR. KEEGAN. Dr. Lee, could | ask you to
comment on the tetramer assays and whet her or not --
nost of the assays that we've heard about are
directed at sone functional assessnent, and | think
the tetramers are in contrast to that.

Do you think that the tetramer assay
shoul d al ways be evaluated in conjunction with sone
functional assay or in conjunction wth assessnent

of CD-45 nvol ecul es?
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DR LEE Yeah, | think one of the
things that | really |I|ike about the tetraner
approach is that you can isolate these cells wth a
m ni mal anmount of perturbations to the cells. You
don't have to stimulate them in vitro. You don't
have to culture them w th cyt oki nes.

And so it's about as close to the native
state as you can get, and so | think because of that
it's a fairly powerful nethod of studying the native
bi ol ogical properties of these cells, such as
surface markers, et cetera.

DR, KEEGAN: | guess what |'m working
toward is how would one go about |ooking at how it
is that whatever it is you're neasuring relates
potentially to the desired effect in terns of tunor
reduction, and it sounds |like nost people are
suggesting that we don't know so that we need to use
mul ti pl e assays.

But to what extent, because that may be
sonmewhat inpractical to do in clinical trials, to
study everything simultaneously -- how useful are
the ani nal nodels in terns of sel ecting or
m ni m zi ng the nunber of assays being utilized?

DR, KHLI EF: Actually, if | my add on

this question, when you did the tetraner assay for
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Jeff's trial, did it correlate at all or what was
the correlation with the inmunol ogi cal assays that
they conducted, |ike cytotoxic assays or cytokine
rel easi ng?

DR. LEE: Yeah, we haven't really gotten
together to really sort all the data out yet, but
right now it | ooks confusing.

(Laughter.)

DR WEBER: Samr, the one patient that
Peter had the best response in did have inmmunol ogic
response, but | would call it a nodest inmunol ogic
response. There was obviously nore cytokine rel ease
post and pre, but it was not as inpressive as the
relative nunbers, the ratios of cells, the CD8
cells that were positive post/pre in the tetraner
assay.

| mean, you know, you need to get enough
nunbers. You need to get 20, 30, 40 patients to
make sone conparisons, and that's what we're going
to try to do.

DR KHLI EF: You know, | think | would
add just one point that |1'd probably stress at this

stage on inmmunol ogical nonitoring mainly, and this

is not a statenent. Probably it's old for
di scussi on. Sonebody yesterday said just do
SAG CORP.
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what ever you believe in at this stage from an
i mmunol ogi ¢ nonitoring point of view until you reach
to a point where you have an antigen that lead to a
good clinical response that you can correlate with
what you have immnologically and say this
correlates and this doesn't correlate. That m ght
be the approach at this stage.

DR. KEEGAN. So are you saying that it's
not until the Phase Il trial is conpleted that one
can go back and try and elucidate what's an
appropriate i munol ogi ¢ response whi ch m ght
subsequently correl ate?

Dr. Sinon, | can see you

DR SIMON: If you had the data to know
what was the best inmmunologic assay, you really
probably woul dn't need the immunol ogic assay at all
because you would be having enough clinical
responses to be using clinical response as your
endpoi nt .

So | think by necessity since you're
dealing at a level of study in which you' re not
getting a | ot of responses, you basically are having
to use your best science and are essentially fishing
around based on your best, you know, animl nbdels

or whatever to use the assays you think are the nost
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rel evant, but you may be wong and they cannot be

val i dat ed.

DR KHLIEF: Actually this is why | said
it's not a statenent. It's a discussion, but you
know, | mght disagree on this because if you have

an indication from one antigen, for exanple, that
this particular assay could correlate, that assay
m ght be wused to know whether that particular
antigen has potential in the future. If it was a
weak, then you would grow an enhanced on that
antigen to reach to the clinical responses if that's
t he case.

PARTI Cl PANT: O better expl ai n
nonr esponders.

DR. KHLI EF: O better expl ai n
nonr esponders, absol utely.

DR. KEEGAN: Because we're going to be
nmoving from Phase | into larger trials, it's clear
that one needs to be using assays that are going to
be reproducible at different centers. To what
extent do the assays that are currently in use --
are they the types of assays that could be perforned
reproduci bly at different centers in such a way that

one could utilize the data or pool the data?
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DR. DISIS: Sone of the assays are very
easy to do and quite reproducible, and sone of the
assays are very difficult to do and require speci al
techniques, and that's why | think that there are
several cooperative groups around the United States
that are looking to run Phase Il studies of
prom si ng vaccines that have been tested in Phase |
studies, actually sending sanples to centers that
have the expertise and sone of these nore
technically difficult assays.

Because | think it's the feeling of nost
people that there are several good strategies out
there right now There are several good antigens
that would allow nonitoring of an imune response
and that what really needs to be done at this point
wth sonme of the very quantitative assays that
require very little or none in vitro manipul ation,
that we really need to show that the i mune response
correlates to a clinical response, and that can only
be done in terns of Phase Il study.

DR. KEEGAN: Dr. Berzof sky.

DR. BERZOFSKY: I'd like to nention one
result that adds support to the use of cytokine
measurenents as a key response that Bernie Fox

menti oned and that Steve mentioned as well, and that
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is an epidem ol ogic cross-sectional study that was
done by Tagret Sekui in our lab in collaboration
wth Alan Hildesheim and Mark Schiffman's group,
| ooking at wonen with different stages of cervica
neopl asia related to papillom virus.

And we |ooked at the IL-2 response to
human papilloma virus antigens, and there was an
inverse correlation between that and the degree of
cervical neoplasia, and it was antigen specific.

So that's a human epidem ol ogic study
that suggests a correlation between a TH1 type
response and | ack of progression, although it's done
in a cross-sectional, not a |ongitudinal study. So
you can't prove cause and effect, but it certainly
supports that kind of interpretation and fits nicely
with the data that Bernie presented earlier this
af t er noon.

DR. KEEGAN. Dr. Siegel.

DR SI ECGEL: It struck nme in listening
to the panel that if this were five or ten years

ago, we would have heard perhaps a |ot nore about

CTL assays using chromumrelease in tunor killing.
Jay, | think you had sone data on that, right, with
ytic units, but not a lot, and | wonder. |Is there

a consensus? W're hearing a |lot nore about the
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cyt oki ne assays, sone about proliferation, tw cell
enuneration, flow cytonmetric assays. Does that
reflect the difficulties of doing the CIL assays in
a reproduci bl e cross-sectional way or a feeling that
maybe they're not giving the nore inportant answers
in terns of optimzing vaccine strategies?

DR. ROSENBERG ~ You know, | don't think
it really makes sense to be thinking in terns of
what i mmunol ogic assays we should be wusing to
monitor vaccine trials because unless you are
perform ng a manipul ation that causes a significant
nunmber of clinical responses, you cannot correlate
what in vitro assays are correlating with clinica
responses.

And so we performthe i munol ogi c assays
to try to understand the inmunol ogi c inpact of what
we're doing, but to talk about using them as a
monitoring tool really nakes no sense because we
can't perform the correlations unless clinical
responses are seen.

In these two days we've heard very
little in the way of clinical responses to virtually
any of the vaccine manipulations that have been

performed in hunmans.
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So | don't know how we can talk about
what is the nost rel evant assay. We can only talk
about how can we study the inpact of the
mani pul ati on.

DR. FOX: Just an additional coment on
Jay' s question. | think though, too, that in our
cases, t he T cells t hat we're adoptively
transferring back are not cytolytic, and so we've
stopped doing it because we don't see nuch cytolytic
activity.

At the sane tinme, we see strong cytokine
rel easing responses from those T cells. W al so
have data in the nouse that shows that in this Type
1/ Type 2 paradigm you can do these experinments in
perform knockout animals and see perfectly good
tunor regression and devel opnent of imunity.

So we think of it as being certainly a
cyt oki ne based nmechanism in the absence of perform
that can cause conplete tunor regression and
i mmunity. So we've kind of gotten away from that
t 00.

DR, VEBER: | have two quick comments.
One is certainly to agree with Steve that you have
to be, as we discussed yesterday, you have to be

abl e to correl ate what you're st udyi ng
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i munol ogically with sone clinical benefi ci al
effect. It could be clinical response. It could be
time to relapse. It could be overall survival. Any
of those, | think, are reasonable surrogates for

clinical benefit.

The other is if | had to choose an
i mmunol ogic nonitoring test, | would think about
sonething that would have sone sort of internal
control, and flow cytonetry using the tetraners,
just as an exanple, or just flow cytonetry in
general, to agree with what Gerry Mrti said and
what Carleton Stewart said, would seemto ne to be
t he nost reproduci ble and prom sing type of assay.

| don't nean tetranmers specifically, but
a flow cytonetrically related assay since there is
significant uniformty avail able anong the machi nes.
You can have internal controls and set them

| would look to some flow cytonetry
assay in the future, but, again, it doesn't matter
what kind of assay you have. If it doesn't
correlate with a clinical beneficial effect, who
cares?

DR SI ECGEL: well, still, | think the
point needs to be repeated. | think we're all in

agreenent there are, as was well pointed out, there
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aren't clinical data. No one's going to correlate
an inmmune response with clinical data, and it's
easy; it's possible to say, and it's correct to say
that one should neasure all of those imune
responses so that when you get clinical or as nmany
as you can reliably, so that when you get clinica
data you can correlate it.

But, in fact, those trials to get
clinical data are going to take years and mllions
of doll ars. There's only going to be a limted
nunber of reginens that go forward. W saw the
panoply of choices that need to be nmade.

What is the dose? What is the regi nen?
What are the adjuvants? How are we going to do
t hat ?

And | think virtually everyone we heard
from is wusing some inmmunological mrker, sone
i mmunol ogi cal nmarker to optimze or select anong
those reginens, and ultimately how well we guess
what's the right one is a very critical question as
to whether those agents that go forward into
clinical trials have a good |ikelihood of success.

DR. KEEGAN. W can take a few questions

fromthe audi ence, | think
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DR, MARTI : I have a question for Dr.
Lee. First a comrent.

A historical thing on the CD 34
determ nations, which on a good day m ght be as high
as sone of your antigen specific T cells. The
interlaboratory variation at least in North America
has been recorded as high as plus or mnus 1,000
per cent .

| won't ask what your positive control
is for enunerating that | ow a percentage, but | had
anot her question that | wanted to ask you.

Ch, does each patient have to have his
own HLA type Class Il antigen nmade or is it generic?

DR LEEE dass I17?

DR MARTI : vell, when you nake this
tetraner, like if you're going to inmunize ne, do
you have to know ny HLA type, and if we're going to
i muni ze you, do we have to know your HLA type?

DR. LEE: Yeah, exactly. So you have to
know both the HLA type and the peptide to nake the
tetraner.

DR MARTI: So this is like a custom zed
hybrid owner.

DR LEE: That's right, and so for

practical purposes we've stuck to HLA-2.1

SAG 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

304

DR.  MARTI : Ckay. So you choose one
that you can screen and study a | ot of people.

DR. LEE: Yeah, but your point is well
t aken. For FACS anal ysis, the problemis that your
nunmbers w |l change depending on the gaits that you
set, and so it's a subjective thing. Unless you get
a very, very clearly positive and very clearly
negative population, it's always going to be this
kind of border that wll affect your nunbers
dependi ng on how you set the boundari es.

DR MARTI : But it can probably be
st andardi zed and controll ed. | would approach it
that it could be because it certainly has been going
in that direction for CD 34.

| was hoping that you'd recomend that
all of the investigators in this room all need to
have a nine color flow cytoneter.

(Laughter.)

DR. VEBER: | mean, because the peptide
and the MHC are going to match up, and with five
hapl ot ypes you can cover the whol e population. So |
don't think it's a valid conparison, although you
will have to match the peptide wth the particular
ileal, and you'll have to hapl otype the patient, but

that's not that difficult. That's standard stuff.
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DR, MARTI : So those reagents wll
becone available wthin a nonth.

DR. WVEBER Actually sonme of them are
al ready commercially avail able, by the way.

DR RESTI FO You know, for all of the
kind of feeling that we don't know what to neasure,
I'm a little nore optimstic than that. I think
that, | nean, we do know a little nore than that.
We know antigens that are expressed on the surface
of tunor cells that are restricted by MHC C ass |
nol ecul es. W know their identities.

Now, not every antigen is going to be
expressed in the surface of these, but we know sone.
We know that cytotoxic T cells are found in tunor
beds, that they can recogni ze human tunors ex vivo.
W know in animl nodels that pure popul ati ons of
CD-8 positive T |lynphocytes can be transferred and
can recognize tunor cells. That's why we neasure
CD-8 positive T cells.

That doesn't nean it's all CD- 8 positive
T cells. W also know that COGVE CD-4 help in sone
nodel s, can alter or can help CD-8 positive T cells
by secreting IL-2 and other co-factors. W know

that CD-4 positive T cells can alter antigen
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presenting cell function, can super activate
dendritic cells and other antigen presenting cells.

And so |I don't think we need to be so
bl eak about our state of know edge. | think it's a
heck of a lot better than it was ten years ago or
even five years or three years ago, wth all of the
nmol ecul ar characterization that's gone on.

So I think that noving towards a state
of reductionistic analysis of what's going on on the
nmol ecul ar level is what's going to get us places.

DR. KEEGAN: Dr. Sinon, would you want
to give a final word, a little bit about any
strategies for |ooking anong different nonitoring --
anong the different assays and using or selecting
those fromthe results of trials, since it seens to
be that people are suggesting we're going to be
using the clinical responses to drive selection of
sonme of these.

DR, SI MON: Wll, | agree with nuch of
what has been said about the general overal
strategy, including the way Jay put it, that we have
to optimze various aspects of the delivery of the
vaccines and we don't really know. W have to use
our best science, and we have to nmake sone judgnents

as to what types of i mmunol ogi c endpoints to use.
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| guess the one thing | feel that we
really need to make sure we place attention on, in
addition to the science of the immunol ogy behind the
assays we wuse, is a lot of attention on the
reproduci bility of the assays we use because | think
if we don't really make sure that whenever we're
going to do a clinical trial that we really
understand in context of that trial for that peptide
or that antigen what the reproducibility of the
assays we decide to use are, then | think we're
really limting ourselves because | think then the
interpretation of individual trials -- and | don't
mean just reproducibility if you take one sanple and
put It in 24 wells. I'"'m talking about
reproducibility either in multiple blood draw ngs or
if it's atrial that involves nmultiple | aboratories,
then it has to include that conponent of
reproducibility.
That real ly, I t hi nk, requires
professional attention to make sure that whatever

assays we use, that the results are interpretable.

DR. KEEGAN. Gkay. | think we -- okay.
One last question, and then we'll go to the break,
guess.
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PARTI Cl PANT: Wl l, maybe | can make two
brief cormments and two brief questions.

(Laughter.)

PARTI Cl PANT: No, the comment is that --
the coments are that | think we should be nuch nore
positive about the use of inmune assays to nonitor
the effective of vaccine treatnent. | mean, these
assays are available, and the resulting assay is
really what we nust use in Phase Il trials to
optimze the way we admnister and nmake the
vacci nes.

I think that there are ways of
correlating the inpact of the vaccine to clinica
out cone because the clinical outcone points that you
have are not only whether or not the tunor goes
away, but you can use endpoints |ike disease free
survival, overal | survival, and you can nake
correlations, and these have been done by a nunber
of investigators.

One thing that | think you nust be
consci ous when you nmake these correlations is that
associ ation doesn't necessarily nean causation, and
there may be different factors that account for why

a patient does better or worse.
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| think just |ike we do when, you know,
you evaluate the inpact of a drug treatnent, its
standard approach to do nultivariate analysis. You
take into account the risk factors that can i npact
on out cone.

The sane way when we | ook at the inpact
or associate the result of an immune assay, its
critical outcone, it's very inportant that we do Cox
mul tivariate type of analysis to try to control for
ot her factors that could inpact on outcone.

DR, KEEGAN: kay. I'd like to thank
the panel and say that we're going to take a
slightly briefer coffee break, about ten m nutes.

(Whereupon, the foregoing mtter went

off the record at 3:40 p.m and went

back on the record at 3:57 p.m)

DR GREENBLATT: So | would like to get
started. So those of you who are in the room if
you coul d take your seats, we can start.

My nane is Jay Geenblatt. |I'mfromthe
Regul atory Affairs Branch, Cancer Therapy Eval uation
Program at the National Cancer Institute, and one of
the organizing commttee of this neeting and co-
noderator of this last, but not leastly inportant

section on detection and characterization of tunor
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antigens and vacci nes, and which also has rel evance
to other fields, such as bone marrow transpl antati on
of cancer patients.

It is with great pleasure that | get to
i ntroduce ny co-noderator of this |ast session and
soneone whose nane you are all famliar with, Dr.
Jonat han uhr, now retired Professor of M crobiology
at University of Texas, Southwestern Medical Center
in Dallas, and his presentation is entitled
"Detection and Characterization of Carcinoma Cells
in the Blood."

Dr. Unr

DR UHR Can you all hear ne?

PARTI Cl PANTS:  Yes.

DR UHR It's an intimate group. So |
won't have to speak quite as | oud.

(Laughter.)

DR UHR O course, | want to thank the
organi zers. 1've learned a lot fromthis neeting.

I'"'m going to describe to you a very
sensitive test for enunmerating and characterizing
carcinoma cells in the blood. 1Its pertinence to the
theme of this neeting is obvious, but I do want to

di scuss with you first the idea that nmade nme devel op
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the test, and at the end what |1'd like to use it
for.

Now, t he hal | mar k of successfu
treatnment is earlier detection. Can | have the
first slide, please?

And basically this is really the
hypot hesi s, that when you have a small nunber of
tunor cells, perhaps ten to fourth to the sixth,
they're already shedding. They break down tissue
barriers. | don't see how they cannot be shedding
into the blood, but I think cells at this point for
the nost part becone apoptotic or dornmant.

Now, as the tunmor grows and, of course,
is genetically unstable and nore genetic changes
take place, you reach a point where you can detect
it by sensitive conventional assays. Let's say
mammogr aphy can detect may be as little as two tines
ten to the eighth tunor cells, not |ess.

And at this point intime, | still think
you have nost of the cells or markers for the tunor,
but will not netastasize, but in sonme cases, yes, we
know that even a small breast tunor, less than a
sononeter in dianeter can have netastases, and with

angi ogenesi s have progressive grow h.
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Now, there are a |arge nunber of tunors

relatively inaccessible -- the pancreas would be the

exanple par excellence and others -- which are

routinely detected very late and very often have
| ocal invasion and grow ng netastases.

So the hypothesis is that tunor cells

should be present in the blood by Stage Il and
probably earlier. Now, you may think this is a
bi zarre specul ation that we'll detect it here, but |

will raise it for you because it has inplications.

|f one detects the cells here and one
can prove that they' re neoplastic cells and you have
the organ of origin, not hard to do in the breast
and prostate, you mght want to vaccinate at that
point, and you'll have a very small nunber of cells
that are |less genetically screwed up, and they m ght
be nore easily handl ed.

Now, the test is ~-- this 1is the
objective to develop the test, and the test is a two
phase test.

s this working?

VWere we take a small anount of bl ood
ten or 20 nL. W put on ferrofluid, which is a
colloidal iron suspension. These are not particles

that you can see. They're subm croscopic, about 150
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nanoneters, and you coat them with the right anti-
epi thelial adhesion nol ecul e which has high affinity
and some other <characteristics we can't really
detail.

You can wth appropriate washing and
magnetic field get a 10,000-fold purification, and
you have to get that for the test to be effective.

Then you can use flow cytonetry. You
can use a dye to not stain the red cells and,
therefore, exclude them anti-CD-45 to exclude the
white cells, and then we use an anti-cytokeratin to
again pick up the epithelial cells, and one can do
others. And, in fact, we're planning to use as many
as six or seven because it is possible to do that
now.

Now, you could also take after this
purification, cytospin the cells, and | ook at their
nor phol ogy, their immuno-histochem stry, and anal yze
them genetically. | mean nmulti-color FISH on
interface cells is a very effective way of doing
this, and we're collaborating with Thomas Reed here
in those studies.

The cells that come fromhere are alive,

and they stay alive for a while in culture. W
haven't tried to establish a cell line from them
S AG CORP.
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but perhaps in the future they could be | ooked at as
a testing ground for potential therapeutic agents,
| ooking for apoptosis, for exanple, wth menbrane
flipping.

Now, the first question to be asked in
terms of the test is how efficient is it. Can you
recover all the cells? And to answer that you
sinply mx normal blood with different nunbers of
adenocarcinoma cells, and they can conme from any
ki nd. In fact, the ones | show you cone from a
colon <carcinoma, and perform the immunomagnetic
purification followed by FACS.

And the answer is that when you put in
no cells, you get back none. We've painted the
epithelial cells red. You can see this is CD 45 on
t he absci ssa, and cytokeratin on the ordinate.

If you put in 200, we get back about 75
percent, but sone of these dots are superinposed.
When you get down to | ower nunbers, you get them al
back.

So recovery is at |ow nunbers, which is
what we're interested in, is very high, above 95
per cent .

Now, the next question was: can we

detect these in the blood? And we want to | ook at
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normal individuals. W want to | ook at patients who

have early cancers. If we can't detect them in
those patients, then we mght as well stop the
st udy.

So again, we'll do the conplete analysis

on normals, patients wth nonneoplastic diseases,
patients with clinically organ confined carcinons,
and patients wth netastatic carci noma

And when we did that, here are
representative exanples. A is a normal person. He
has two epithelial cells. About 40 percent have

none. The other 60 percent of, quote, normals can

have up to five epithelial cells. W don't know
their source. It may cone from putting a needle
through the skin. It may cone from shedding from a

mucus nenbrane, but there are snmall nunbers or none.

Now, here is a patient wth breast
cancer, organ confined. This was taken just before
surgery, and there are nine cells, and here's one
that has an organ confined prostate cancer. | think
there are ten or 11.

This is a patient wth breast cancer,
but it has netastasized already. There's a very
| arge tunor burden. | think | calculated this as

many mllions of cells in the bl ood.
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Now, to summari ze, IS t here a
statistical difference between the control groups
and the patients with clinically organ confined
car ci noma? W're not interested in diagnosing
met astatic cancer. That can be done clinically.

And we sinply | ooked at coded sanpl es by
FACS. | have to tell you, | nmean, FACS | do feel
has subjectivity, and that's why | had the sanples
coded, and in fact, they were done by two different
observers. One did the gating individually, and the
ot her used an al gorithm

If you use an algorithm it wll be
obj ecti ve.

And there was no significant difference
between the two, and here are the results.

Here are the normals in the white.
There's no difference whether they have a benign
tunor or not, and they usually go up, as | told you,
to five cells. You recall can't see them here
because they average, | think, 1.7 cells.

The organ confined; there were 26.
Seven were prostate. The rest were breast, and in
24 of the 26, they had seven or nore cells. The
average was 16 in each, whi ch S purely

coi nci dent al .
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W calculated a cutoff point based on
this 6.8 cells, the standard devi ation, the average
plus three tinmes the standard devi ation. So 24 of
the 26 we're able to diagnose by count al one.

| should say a tentative diagnosis. It
was highly significant statistically by several
statistical nethods, and there's a statistica
di fference between the organ confined clinically and
the netastatic, again arguing that we're |ooking at
tunor | oad.

Now, are these excess epithelial cells
carcinoma cells? | mean a dot on the plot is not
t he sane as a carcinoma cell.

So for this we did our inmunomagnetic
purification, which still gives us a lot of white
cells on the slide, but not so many that we have to
use nore than one small area of the slide.

O course, we coded the slides. e
stained themw th Miucin-1, which tends to stain only
mal i gnant cells intensely, and we | ooked at them or
| looked at them for cytonorphol ogy, again, of

cour se, coded.

And I'll show you what they | ooked |ike,
and I'll tell you how well | did in terns of the
codi ng. Here are nornmal epithelial cells. These
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were obtained from foreskin. W didn't want
cultured cells because these aren't cultured. They
have a lot of cytoplasm conpared to the nucleus.
The ratio of nucleus to cytoplasmis relatively |ow
It's a rather eukaryotin type of nucleus and so
forth, doesn't stain with Micin-1, and notice that
these cancer cells, these tw are from organ
confined, | believe, breast and carcinoma; have a
huge nucleus, just a rim of cytoplasm Cyt opl asm
stains heavily with anti-Micin-1. The nucl eus has
rather disorganized chromatin clunps and easily
di stingui shed fromthe normal cells.

Here is a macrophage with two tunor
cells that | think are consistent with apoptotic

tunmor cell s.

Now, when | |ooked at these slides, |
made no false positive calls. There was no
i nt erobserver error. I was given sone slides two

tinmes, but | did mss two prostate carcinomas, which
| called normal, and frankly, | think it's a
function of ny age and patience because the
postdoctoral fellow showed ne afterwards on at | east
one of them a clear-cut carcinoma cell, but you
know, when you begin to look at two or three dozen

slides at ny stage, you get a little inpatient.
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But the key thing was no fal se positives
and no interobserver error. One can afford a false
negative for the reasons | nentioned.

Now, the next question was: does the
blood test for the epithelial cells parallel the
clinical course? Wuld this be at all wuseful to
monitor therapy if one wanted to?

And 12 patients undergoing treatnent for
breast cancer were followed clinically blood test
for one to ten nonths.

Now, one thing I'Il tell you. A caveat
about this experinent is that it encoded. The
clinician knew the blood tests, which |I'm not happy
with because | like to have these things not done
t hat way.

But anyway, in four representative
patients, you can see that if you plot the clinica
status, which is neasured no evident disease and
stable disease and progressive disease, life
t hreat eni ng di sease, et cetera, versus the nunber of
epithelial cells in the blood, which we now know are
carcinoma cells, you can see that there's a genera
paral l elism

H gh dose chenotherapy and both fall.

There's a relapse rather quickly, and again they're
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gi ven high dose chenot herapy. It falls again. On
mai nt enance chenot herapy, |ower doses, it falls, but
then it comes back up again, et cetera.

Notice this patient that had no evidence
of disease basically had relatively small nunbers at
this point. These others are nuch larger, as you
see, in terns of the ordinate.

So | guess you can consider this another
argunent that we're neasuring tunor burden, and it
may be useful basically to nonitor treatnent.

Now, what is the difference between this
bl ood test and a | ot of other assays for tunor cells
in the blood that have been used frequently? And

why are we able to detect such a small nunber?

el |, t he first t hi ng IS t he
sensitivity. I mean, you can't wuse large netal
beads. You can't have any clunping. You have to

get a 10,000-fold purification. The beads we're
using do not have to be renoved. You can't even see
t hem

So I think that's one of the key things,
and | think the flow cytonetry has to be done very
carefully and properly, and if, for exanple, you
lysed the red blood cells, the noise level is too
hi gh.
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Well, the fact is that | think that the
vol une of blood we take is the |limting factor. I
think we can detect one carcinoma cell in 10 nL of
bl ood.

PCR based nethods can possibly go up to
one in ten to the seventh, but that's not wusually
the case, and you certainly can do it by magnetic
enrichment with i nmunocytochem stry. Bot h of these
can |l ook at the cytology, which you can't by PCR
and here you can quantify the nunber of cells quite
precisely. You can't do that. |It's really positive
or negative wth PCR You can't do it wth
i mmunocyt ochem stry.

Now, with both of these you can | ook at
both proteins and nucleic acids. O course, you can
keep on going back to the sane cell and |ook at
different markers in each of these nethods. You can
| ook at mar ker s for proliferative st at us,
I nvasi veness, aggressiveness, et cetera. ' ve
presented none of that data to you.

You can conpare the primary tunor to the
cells in the blood to be able to say that the bl ood
cells conme from the tunor cells. It's sonething
we're in the mddle of right now, and |I can't talk

about it yet. W're too early in the gane.
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One nmay be able to do this to sone
extent wwth PCR but it's limted, and of course, we
can get viable cells. We haven't exploited that
option yet, but it m ght be worthwhile.

Now, in ternms of the thene of this study
or | should say of this session, | nean, | would
think that if we get further wwth our nmethod that we
should be able to be of help to you in terns of
accurately determning the nunber of tunor cells
that you have and their quality, and | think the
|atter is going to be nore inportant.

| nmean, our current plans are basically
to take 30 nL of blood, wuse 15 nL for nore
i mmunophenotyping and to | ook at ot her antigens that
wll be helpful in ternms of determ ning the organ of
origin of the tunor, | nean, mammogl obin for breast,
PSA for prostate, et cetera, and use the other half
for multi-color FISH

And you know, changes in copy nunber of
proteins to the chronosone are seen very early in
the ganme in breast cancer, and Dr. Reed with just a
smal |  nunber of probes has been able to detect
t hese, and of course, there's an unlimted nunber of
probes that you can use in multi-color FISH in

contrast to imunophenotyping, and basically, |
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mean, one can easily look for anplification of HER-
2, P-53 nutations, et cetera.

So | think that the quality of those
cells may be very critical in determ ning how many
you can have. | think it would vary trenmendously
between tunors, well, and between patients with the
sanme tunor depending on what those genetic changes
are and those phenotypi c changes.

One wll have to |ook at those and then

correlate it wth the subsequent course of the

patient, | suppose, to get a definitive answer.
W're particul arly i nterested in

screeni ng. I mean, we've done sone bloods from

patients with colon and lung cancer, and | think

this test will work for all of the carcinonas.

| haven't discussed prognostication, but
there's sonme major opportunities for a test that can
prognosticate whether, for exanple, the cells that
are circulating already represent netastatic cells
that are destined for apoptosis, and again, |I'm
hopi ng t he conbi nati on of cel l count, of
i mmunophenotypi ng, and of rmulti-color FISH w Il give
us information which, in toto, wll tell wus or
perhaps answer that or answer it at least for a

proportion of the patients. It would be attractive
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not to have to do nmutil ating operations on a patient
who has a particular set of criteria where you can
unanbi guously say that patient has cancer.

| want to enphasize that. To repl ace
the gold standard of biopsy and to act wth
treatnent decisions on this, you need another gold
st andar d. So it has to be rigorous. There can be
no false positives. You can have sone false
negati ves where you mss sone here or there, but
when you say this patient has cancer on the basis of
a blood test, it has to be 100 percent.

It's not that difficult to do. You just
have to exam ne every patient that cones in wth a
lump in the breast, get the criteria, and then code
the sanple, get an answer, and then see what
criteria unanbi guously nean cancer. The sane thing
can be done for all the other tunors.

It would be very attractive if one knew
that a patient who had a mastectony was cured. In
the best of all worlds, if you found there were no
cells after that in 90 percent of the patients and
ten percent did have cells, and those ten percent
went on eventually to relapse, you would save 90
percent of the patients from having the high dose

adj uvant chenot herapy which they presently have,
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which is disabling, and sone of the disabling is
irreversible.

So there are opportunities to do
prognostication here that are attractive, but our
first anmbition, our first goal is to develop this as
a screening nethod, and we have a long way to go
because it has to be, as | told you, a gold
standard, and | hope to reach that goal if | could
ever get funding fromthe NCl

(Laughter.)

DR. UHR  Thank you.

(Appl ause.)

DR.  GREENBLATT: | apol ogi ze, but you
know, enotions overcane ne.

(Laughter.)

DR. GREENBLATT: Wul d soneone give ne

the program so | can introduce the next group of
speakers? | forgot to bring it up

kay. You're still on Thursday, Jay.
This is -- we've noved ahead.

Ckay. The next talk is by Dr. Dave
Hoon, entitled "Detection of Cccult Tumor Cells in
Body Fluids and Lynphoid Tissues by a Miltiple
Mar ker PCR Assay," and Dr. Hoon cones from the John

Wayne Cancer Institute.

SAG 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

326

DR, HOON: I'd like to thank the
coordinators for this neeting and Raj for this
excellent neeting. It has been very informative.

And in this session, what |'ve been told
is to try to interpret ny wrk in ternms of
m crodi agnostic and what may be relative to
assessing vaccines and actually addressing sources
of potential cells for use in vaccines.

So what | will do is cover sonme of our
work studying nolecular diagnosis and try to
interpret and to fit into the theme of this neeting.

Can | get the first slide?

So the talk is basically going to focus
on occul t t unor cells and di fferent body
conpartments, and primarily 1'm going to tal k about
solid tunors. That's where nost of our experience

is, particularly melanoma, breast cancer, and 4

cancer.

Now, you can |look at occult tunor cells
using PCR or TPCR. | don't have to go through the
procedure. I nmean, nost people are famliar wth

that, and basically you can | ook at different sites,
organ sites, tissue in non-organs such as skin,
tunmor draining |ynph nodes, fine aspirates and body

fluids and bl ood, which is the nost optimal, usually
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the site which can be used repetitive assessnent,
peritoneal cavity, bone marrow aspirations, which is
well, know, cerebral spinal fluids, and |ynphatic
drai nage fluids fromwounds you can use.

Now, to those skeptics, as Dr. Unr has
said, there are tunor cells in blood, and you can
actually detect them Oten sonme people don't
believe in that, but they are and you can find them

Now, this is a slide that was shown
earlier by Dr. Mrton, but again, | want to
enphasize this in nore of a nolecular term The
het erogeneity in nelanoma, you can get different
pignentations which often interprets different
| evel s of nmessenger RNA for the different pignents,
such as tyrosinase, TRP-1, 2, GP-100.

Simlarly, when you get netastasis, you
can get changes in pignentation, adaptation, and so
the tunor is often continually evolving, and there's
a continual genetic instability which interprets
changes in tunor antigen expression, and this is
i nportant. It's an inherent problem particularly
when you're doi ng nmol ecul ar di agnosi s W th
particul ar markers.

And this just reiterates the point that

you can have netastasis nade up of many or primaries
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made up of nmany clones, and netastasis does not
necessarily, can reflect what the primary is, and
you can get netastasis from a netastasis, whereby
this is anelanotic and it can go adapt to a distant
organ, and it can turn back into nelanotic tunor.

So a tunor is constantly progressing,
and it can change at different organ sites. There
is no rule to say it wll always maintain that
particul ar phenotype, and that's one of the inherent
problens in addressing therapy, and it's one of the
i nherent problens in vaccines.

And you saw this slide earlier from
ot hers. It showed that 1in nelanin synthesis
pat hways, tyrosinase, TRP-1 and TRP-2, and for
nmol ecul ar markers, differentiation antigens for a
particular tunor which is derived from a org. cel
type that has particular markers you can use as good
markers that are not found in normal cells, and in
mel anoma, this is where nost of the work and a | ot
of detection of nolecular diagnosis for occult tunor
cells has been successful because the markers are
very uni que.

The markers are not totally unique in
that you can find these nyel ogenesis markers, part

of the dopam ne cascade, which is found in retinoid,
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and you can also find in the brain tissue and neural
tissues. So it's not totally absolute, but in the
conpartment that you're testing in, such as |ynph
nodes, bone marrow or blood, it is not present.

So one of our concepts that we devel oped
in the early '90s was using -- because of the
heterogeneity problem we addressed this by tunor
mar ker  het erogeneity. So we established the
mul ti pl e marker concept. This is, in other words
using multiple nmarkers to address the tunor marker
het erogeneity, knowi ng that primary netastases or as
the tunors continue to evolve, they are going to
change. You have to address that that no single
marker is always going to be present. So this is
very inportant.

The other, which is often forgotten, is
mar ker | evel of expression. You can have different
| evel s of MRNA expression of a particular -- |ike,
for exanple, tyrosinase which can vary from one
mel anoma cell to another cell, and that's a common
factor that's often ignored.

So when you're looking at occult tunor
cells, basically tunor cells, nelanoma cells, for
exanple, with a certain nunber of nessenger RNA

diluted in normal cells, you get a dilution factor
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and which will affect your assay and how sensitive
it is. So you also have to address that.

Anot her problem of single marker assays
is you get false positives, which it often
addr essed.

The other is having a multiple marker,
and these several markers are two marker at | east
positive, confidence in the assay, and it proves the
assay sensitivity and specificity, and this is what
our overall design of all of our systens has been
based on.

These are sonme of the early markers that
we use. (Qoviously there's nore, but you can divide
mar ker s into mel anong, nmyel ogenesi s rel at ed,
tyrosi nase, TRP-1, TRP-2, GP-100, MART-1. You can
do tunor progression markers, MJC 18, gangliocytes,
and there's the tunor antigen markers. There are a
ot nore out there now. This |ist keeps on grow ng
and growing, and they can be used as potential
markers if they're screened through.

In our assay, it's a very sinple assay.
It's basically an 8 nL assay with sodium citrate-2.
We col lect the bl ood. RNA is extracted under SOP
and the quality control is done in the whole assay

syst em
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| nmean, the assay | ooks very sinple, but

if it is not done under rigorous conditions, you

insert many types of errors and also contam nation

problenms which will reflect your results. So SOPs

are very -- especially in these sensitive assays --

are absolutely necessary, and the environnent that
they're conducted in.

And this is just one of our earlier
studies I want to discuss that we had published
several years ago where we used this set of nmarkers,
four markers, tyrosinase, P-97, nelanin transferase,
MAGE-3 and MJC-18, and this is in nelanoma cell
lines it's expressed frequently, but nost markers
often are over expressed in nelanoma cell |ines and
often not representative of true biopsies. And in
normal cells, they're negative except for MJC 18
where we find sone.

Then we perform studies on different
stages of patients and taking a blood sanple, and
categorizing the stage at the time of the blood
sanple, as you can see, there's a wde distribution.

There's heterogeneity in the markers,
and at the sanme tine they're nore frequently in the

advanced stages as expected.
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And this is just to conpare one nmarker
versus two marker positive. W find at the advanced
stages we wusually have a greater nunber of two
mar ker positives, and this is what we based the two
mar ker cutoff.

And from our studies in this type of
study we found the specificity about 95 percent and
96 percent for sensitivity, and since then we've
actually adapted, changed this assay to a nore
refined assay. Actually you can get a nuch higher
sensitivity and specificity now, refining our
mar kers.

But in looking at those patients | just
showed you, we | ooked at the Stage II1 NED patients.
These are basically patients who are bl ed and had no
evi dence of disease at the tine of blood draw, and
then we followed these patients up for now over two
and a half years, and basically we conpared those
with one marker or no marker positive versus two and
four marker positive, and this is the current
survival curve showng that the patients at two or
four mar ker s had a greater i nci dence of
reoccurrence. It's about alnost 75. Twenty-five
percent reoccurred within one year, and this was
significant.
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There's also a multivariate analysis
conparing the standard factors that are wused in
mel anoma, the natural history of reoccurrence.

Simlarly, in longer followup, the one
marker or no marker did better versus the two of
four markers, which is alnbst now 50 percent in
reoccurrence of disease.

And these studies initially showed us
that you can use these for prognostic advantages in
| ooki ng at whether the potential of these patients
for reoccurrence, and also they tell you does
detection of tunor cells in blood in clinical free
patients -- are they having any significance, and
that's what we were addressing.

Also, the other thing that they also
said is that |ooking at tunor cells in the bl ood and
seeing it's positive, it also addresses whether you
have sub -- we call it subclinical disease, and to
prove that, as Dr. Unhr said earlier today, you have
to verify it, and it does take sone clinical follow
up to verify whether these are really going to be
rel evant, these tunor cells in the blood, and there
has to be sone standards in clinical trials, which
currently we're doing this in a multi-institute

international trial |ooking at bloods from patients
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and being treated and followng up for over five
years.

Simlarly, you also have to | ook at the
clinical followup, and it has to be done very
rigorously and well docunented, and these patients
were basically followed up every two nonths wth
rigorous analysis for reoccurrence of disease.

Anot her assay that we devel oped based on
the three nmarker system using a sem-quantitative
approach where we based on the nunber of marker
positives and doing different dilutions of the
bl ood, and basically to go over this quickly, a
scale of zero to ten where ten is highly positive,
basically very strongly positive, and zero i s none.

In this system one of the best ways for
identifying clinical disease is surgical staging, in
ot her words, a surgical renoval of the tunor to make
the patient disease free and then |ooking at the
bl ood before and after to really identify are you
removing the disease and does it have an effect on
the blood, and this is what we were doing pre and
post surgery, and these are the types of stage of
di sease, and these are the size of the tunors.

As you can see, the larger the tunor,

there was a significant decrease in the actual
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values, and where the patient has a very snall
singl e node of netastasis, there was |limted change,
as you expect, but this is the type of studies that
we're doing to validate the assay and | ooking at pre
and post surgery.

Usi ng t he sanme assay for sem -
guantitative and looking at different stages of
di sease, when you talk about stages of disease you
have to say is there no evidence of disease or alive
wth disease and conpare the two different
categories, and you can see in the different stages
that especially | and Il and 11, NED and AW,
there's a significant difference between the groups.

However, in the Stage |V, there isn't,
and usually in Stage 1V, as you know, they often
reoccur very quickly. They usually have subcli nical
disease or snoldering disease that's usually
present, and as you expect.

And these studies are ongoing. This is
based on 75 patients, and now we are accruing nore
patients to really validate the significance of
t hese findings.

Going into another, | talked about the
myel ogenesis markers. There are other nmarkers, and

here we use a carbohydrate marker, which was a tunor
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antigen. |It's originally defined by Dr. Ricco Erie,
G2 and GD-2 as oncophetyl antigens in the early
"80s, and in recent years the clinical utility of
G\ 2 has been shown by Phil Livington in terns of
vacci nes, and so we developed an assay to | ook at
synthesis of GW2/ -2, what we call as basically
the enzyne, and a set of gal actose i mune
transferase.

And this, just to go over it quickly,
this is just a conparison showing the blots. These
are Southern blots, RTPCR and Southern blots. This
is genomc. This is the actually PCR band, and it
shows you the biopsies in patients who are positive,
Stage Il and IV, and controls.

And then what we did here is nelanom

cell lines showwng the different blots, and we did
the actual ganglioside isolation biochemstry
anal ysis showwng G2 and G>-2 levels of cell lines

and how it correlates to actually the MNA |evel
and this is a correl ation study.

And this just shows you what we did in
| ooking at different stages of disease. As you can
see, overall they are found in different stages of
di sease. However, the overall difference is not

that significant, and so that they're there or

SAG 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

337
they're not there, and that led us to what's the
advantage of this mnmarker just as opposed to
det ecti on.

And then what we did was [|ook at
patients who had a certain | evel of disease and then
follow them up over a year and |ooked at whether
they had progressed or they didn't progress, and
then | ooked at actually whether they were positive
or negati ve.

And what we found is a significant
correlation of those that were positive that
reoccurred, clinical reoccurrence of disease in a
short period of time. |In other words, the patients
who were GW2 positive from their blood devel oped
di sease much faster than those who were negative
and so we call this as a potential progression
mar ker that can be used to identify reoccurrence of
di sease.

Another site which is often wused
especially in breast cancer is bone marrow
aspirations, and this, as was tal ked about in this
nmeeting, is also a source for getting stemcells and
dendritic cells.

And we know in bone marrow tunor cells

occur quite frequently, especially in breast cancer

SAG 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

338
and in prostate cancer, but an unusual finding that
we found actually four or five years ago, that in
mel anoma there are occult tunmor cells in the bone
mar r ow.

However, in general, metastasis to
mel anoma is less than ten to 15 percent, and bony
metastasis rarely occur, but we find a great
frequency, and other groups have also now found
this, too, that there are nore tunor cells actually
present, occult tunor cells. Whet her they were
alive or dormant, we don't know, but it's very
frequent.

Now, actually this study was not a bone
marrow aspiration. This was actually a bone marrow
bi opsy. During thoracotom es for nelanoma patients,
that's what Dr. Mrton was doing, and part of the
procedure is to renove about an inch of the rib, and
what we did was take and renove the rib and took out
the marrow and then assessed for tunor cells. So
this is actually a direct assessnent of patients
W th nmet ast asi s in t he I ung under goi ng
t hor acot om es.

And simlarly, we've also now done with

mel anoma -- these are studies with Steve ODay in
our clinic -- and | ooking at bone marrow aspirates,
S A G CORP.
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and we can use different markers, and we can show
that there are actually tunor nelanoma cells in the
bone marrow.

And also studies have reported that
col on cancer, which doesn't netastasize to the bone
marrow, but actually there are occult tunor cells
So bone marrow may act as a sponge or actually as an
indicator that netastasis has occurred, systemc
nmetastasis has occurred at sonme point during that
patient's life, evolution of their tunor, but when
it occurs or not and sonmehow the tunor cells stay
st abl e.

A lot of extensive studies have done
i mmunocytochem stry, such as by R chard Codey,
especially in the relevance of bone marrow
met astasis in breast cancer.

Another study that we do, it was
pi oneered at John Wayne, is the sentinel |ynph node
study, lynphatic mapping. This is a study that was
developed by Dr. Mrton and his colleagues for
identifying the first draining node which is likely
to have netastasis.

And in this study what our objective was
is to look at the detection of occult tunor cells in

that | ynph node, and what we devised is a plan where
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we bivalve the node, section the node, using the
frozen sections and with parallel section we do
i mmunohi st ochem stry and HNE, and then do RTPCR, and
this alternates to detect occult tunor cells.

In other words, this was a focused
attack to detect occult tunor cells in the draining
| ymph node, and as you know, in nelanoma and breast
cancer, the draining | ynph node positivity is a very
i nportant staging factor, and this is a question
that we're addressing in one of our central node
random zed trial, is to determne what is the real
value of actually occult tunor cells, and we still
don't know.

In breast cancer, single occult tunor

cells, we still don't know the total relevance.
Wen we see mcronetastases, it can be nultiple
cells or it can be single cells, and we still don't
know what their relevance is still at this point

until further studies are done.

But just to show us for our nelanom
studies that you can use parallel nelanoma markers
that we've used, and you can see in all sorts of
di fferent | evel s of frequency showi ng t he
het erogeneity and the different |evels, and these

are actually HNE positive tunors. So these are well
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defined netastases showing, and if you do IHC in
ot her words, hi st ochem stry, to define occult
tunors, this varies even nore because you have a
nore dilution effect.

And this just shows you the sem na
| ynmph node st udy.

So in other words, conbining the
sentinel |ynph node study with nolecul ar diagnosis
provi des one of the nost focal attacks of trying to
detect occult tunor cells, and the draining node is
likely to have tunor cells, and this is ongoing
studies in both nelanoma and breast cancer.

And this is actually inportant as sone
of the issues individuals here have been discussing
about using |ynph nodes as a source, and one of the
problenms is having a few occult tunmor cells --
really do nmean anything, and still we don't really
know, in other words, occult tunor cells that can be
define by inmmunohistochem stry that mybe a few
cells are those.

Qovi ously when you have wel | established
m cronetastasis by HNE, there is definitely nmgjor
di sease.

And so when we |look at different sites

as | showed, |ynph nodes, bone nmarrows and bl ood
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one of the problens is in PCR you have to always
address to the background expression of normal
cells. Qur sensitivity in nelanoma, | always
usually say one in five cells because you never can
really tell one cell error in a limting dilution
It's about one in five cells for nelanoma in about
40 to 50 mllion because in nelanoma you have a
good, definitive marker.

I n carci nomas you drop down to ten to 20
mllion and using a panel of nultiple markers.

The other is you've got to have
different stringencies. Qoviously in the |ynph node
you're going to get nore contam nation of norma
cells in there. |It's always draining, especially in
the breast cancer. You always get epithelial cells,
normal draining into the |ynph node. It's just a
fact that occurs.

And specificity of the reaction, and
final verification of the PC viral product and
genoni ¢ cont am nati on.

This is a study which | want to
enphasi ze on sone reports in the literature which we
have al so published. There are several markers out
there that have used CEA, CK-19, MJG1 as RTPCR

mar kers. Al t hough people consistently use these
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mar ker s, they have shown considerable false
positives.

When you have greater than five to ten
percent false positives, you have problens in your
detection assays, and this just shows you -- | can
give you the nanmes of the list -- but these are from
various publications that show the level of false
positives just by RTPCR of these markers, and it's
wel | denonstrated in the literature, and these are
sonme ot her studies.

And so these markers for carcinomas are
really not well established, and there's very few
good markers out there for carcinonmas for RTPCR
because of this problem and this is going to be a
probl emuntil new markers are really defined.

And the other problem wth the markers
is that when you establish a marker, you want
consi stency. As | said earlier, you have
het erogenei ty. There's no wuse having a narker
that's only ten percent because you're only going to
get ten percent. You're not going to pick up all of
t he tunors.

And when you're hunting for occult tunor

cells fromnetastasis or not, your efficiency is not
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going to be there. So you have to |ook at that very

critically when you design this.

And epi theli al cells, car ci nonas,
basically we still have a long way to go in this
field.

Simlarly, i f you | ook at

i mmunohi stochem stry of breast cancer, there are
still trials, and the American College of Surgeons
is going to run a random zed study |ooking at a
cocktail of antibodies |ooking at occult tunor cells

soon to determ ne whether the efficacy of actually

det ecti on.

These are sone of the markers that we
use in breast cancer. | can show you the cell |ines
and tunors and bl oods. These are 75 patients we
| ooked at.

MAGE-3, any of the MAGE famlies are
very good real tunor markers, solid, and they can be
used very efficiently.

And this is beta hCG which we al so use.
It also can be used quite well.

Factors influencing results, and there's
multiple factors, and whenever you |ook at any of

t hese PCR nol ecul ar assays, they always have to be

SAG 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

345
optim zed and SOPs under rigorous control.
O herwise you bring in a lot of errors.

As | said, SOPs. This is a standard
SOP. |'"'m sorry it's upside down, but this is our
systemthat we run

(Laughter.)

DR, HOON: And contam nation, which is
very inportant, and especially when you' re doing
this section. It has to be determ ned.

And the fusion of the tw evolving
t echnol ogi es. Amplification technologies are
constantly changing. The nethods, the markers, and
specificity are changing, and eventually we wll
have good assays that are of clinical pathologica
utility.

And these are sonme of our recent
st udi es. Now we've converted away from ge
el ectrophoresis and are now straight doing solution
PCR using electrolum nescence where we get nore
quantitative analysis and definitive. So you can
basically now run the PCR for a patient and know
within four to six hours froma sanple. So no nore
gel el ectrophoresis. We've changed the whole

system and the | east quantitation al so.
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One of the questions that was addressed
for this synposium is what is the fate of occult
tumor cells. The positive scenario i s obviously the
growh of tunors, and the other is netastasis at
distal sites, and another is dormancy which can
occur .
The negati ve scenario IS nat ur al
i nherent death, apoptosis, or nost of the cells
don't survive. Metastasis 1s basically very
inefficient, and therefore, often none of the
learning cells don't, and as we discussed in the
|ast two days, inmmune regulation destroys tunors.
So that plays a factor.
And lastly is the questions that need to

be asked. VWhat is the role of occult tunor cells

detected by inmunohistochem stry? W still don't
know this fully, and there are still trials out
t here.

And the same thing. Until we know this

this is still going to be difficult to answer. So
there are still sone questions to be answered.
Thank you.
(Appl ause.)
DR, GREENBLATT: Thank you for your
tal k.
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| just wanted to introduce our |ast

speaker, Dr. Carleton Stewart, and he wll be

tal king on detection of cancer cells in bone marrow
by hi gh speed cell sorting.

Dr. Stewart.

DR. STEWART: Thank you.

well, first 1'd like to thank the
organi zers for inviting me to this really what |
call a very relevant neeting, not only relevant for
what we're facing now, but relevant for ne, in
particul ar, because we're nonitoring a lot of the
very tests that have been discussed here, and 1'd
like to do it right.

Now | can assure nyself that nobody knows what ri ght
iS.

(Laughter.)

DR. STEWART: But basically what we're
| ooki ng at about four years ago our approach or our
challenge was to try to nonitor hematopoietic
products that are going to be used for autol ogous
transplants in breast cancer patients, and we
started out to do that, and we didn't think about
using iron particles with the antibodies attached to

t hem because that's a very inexpensive way to do it
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conpared to spend a half a mllion dollars for a
hi gh speed cell sorter

Fortunately, we have other applications
for the high speed cell sorter, and so the first
thing that we see is this is what we see in a
m croscope. |Is there a tunor cell in this field?

And with a fluorescent marker we can
find those tunor cells or we can find cells that
masquerade as tunor cells, and as we've heard, 100
percent positivity, that is, we have to be positive
that it's a cancer cell and not a cell masqueradi ng
as a cancer cell when we | ook at this cell.

And flow cytonetry allows us to do two
t hi ngs. It allows us to put nultiple markers
together so that we can get better sensitivity and
specificity, and the only way we're going to get
sensitivity is to run enough cells.

And so a high speed sorter can process
150 mllion cells an hour, and we can sort those
cells on a mcroscope slide, and if you had one in a
mllion, that means you can sort 100 of those cells
on a mcroscope slide and use i ndependent technol ogy
to confirm as we've already seen from Dr. Uhr's

talk, that that is a tunor cell.
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And here we see a cancer patient in
whi ch we | ooked at the bl ood of that cancer patient,
and you can see that there are no tunor cells.
There are no cytokeratin positive cells in this
regi on.

Here's CD-45 versus cytokeratin, but
when we | ook at the bone marrow of this very sane
person at the very sane tinme, we see a very high
frequency of tunor cells.

So the first nessage is that they may
accunmul ate in the bone marrow, but they may be
moving by quickly in the blood, and so the bone
marrow could be a much nore sensitive place for
detection of these cells, but certainly we probably
woul dn't want to give this preparation back to the
patient.

Now, in conparing the original tunor,
and this is often one of our -- is to be able to
phenotype the original tunor, the primary tunmor from
the breast cancer patient and then | ook because now
you know what markers they express, and use that to
devel op individual, specific cocktails for finding
t hese cells.

And here we see that in the original

tunor in this case DNAis the only nmarker. The bone
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marrow has exactly the sanme DNA content as the
original tunor, and this bone mrrow was taken
alnost a year later after the primary surgery
resection on this cancer patient.

And so looking at our experience up
t hrough about 1997, we see a couple of things.
First of all, there were 21 patients that we called
negative or indetermnate for whether there were
circulating tunor cells.

Now, remenber we're neasuring 100
mllion cells here, and you could see that nornal,
heal t hy donors like nme -- huh, some people think I'm
heal th; sone don't -- there were 906 breast cancer
cells in males and femal es who were healthy, right?
That is sensitivity, but not specificity.

Those are not cancer cells. They're not
even epithelial cells. It isn't the result of
sticking a needle into your arm to get the blood
"1l tell you what it is a result of in a second
but they're not tunor cells.

And here we have patients which have a
| ower frequency in the 21 patients here than a
normal , heal t hy donor does.

Now, here we see the matched health

donor with patients in which there are nore tunor
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cells or there are nore cells in the eight tunor
patients than there are in the healthy donors. Are
these tunor cells? Just because there's a
difference, a mathematical difference, is that tunor

cells? |Is that tunmor cells? |Is that specificity or

is that by chance? | nmean seven out of 21 patients.
| think you'll agree probably this one
m ght have contam nating tunor cells, but | don't

know what the other ones have.

And so we set out to find out what cells
are in normal, healthy people that neet the criteria
of being a cytokeratin positive, CD 45 negative
cell, and it's a lot of fun because the world of
rare events is alnost as nmuch fun as the world of
| ots of events.

And so the first thing we need to do is
devel op an assay that not only is sensitive, but is
al so specific, and so we have sone definitions here.

First of all, «criteria regions are
Bool ean conbi nati ons of regions designed to resolve
cells of interest. Does that neans cells of
interest are really the cells we're interested in?

Maybe.
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Events are particles that are acquired
by a flow cytoneter. Did I say "cells"? | said
"particles.”

Positive events are events that are
above sone marker we set that we call positive.
They're positive for that marker, but what does that
mean? \Wat i1s being positive for a marker?

Now, positive «cells -- there's a
different question -- are the cells that actually
express the epitope for the anti body.

Specificity S t he frequency or
percentage of positive events in the criteria
region, events, not cells. But specificity is the
frequency of positive cells, the real cell, in the
criteria region, and this is the only thing we want
t o measure.

Here we see a bl ood specinmen in which we
have stained the cells with a conbination of CD 32,
41, 45, and CD-105, and you can see that in this
conbi nati on we have MJC-1 and we have ERB B-2, and
we have cytokeratin.

Now, if we collect this mny events,
we're pretty happy. We didn't collect enough events
to find out if there's any cells masquerading in

this normal blood. You ve got to collect enough to
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see them and so we are going to set a region in
which we are going to collect cytokeratin positive
cells.

And you can see here that this is a
normal person which has 900-sonme odd nmasqueradi ng
tumor cells per mllion, but if now we say that
these cells also have to be MJUC-1 positive and ERB
B-2 positive, and we call this conbination of
anti bodies here our hene conbination, we now see
there are no cells per mllion that are in our
criteria regions.

Now, | don't have enough tinme to show
you all of the evidence, but basically what we did
was to sort each of the populations and identify
them that were contaminating from a healthy donor
the criteria regions.

e f ound t hey wer e eosi nophi | s,
eosi nophi | s. VWhat are eosinophils doing CD 45
negative? Well, that's a whole other question | can
wite an NIH grant for, right? And you're all going
to give ne the noney. A very inportant question,
CD-45 negative eosinophils. But they are CD 32
positive.

What about CD-41, mcro negakaryocytes?

| don't knowif they' re cytokeratin positive or not,
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but they are positive events that contam nate the
cytokeratin wi ndow, and we can get rid of them by
sinply adding CD- 41, and when you sort them 1| call
them the Spidernen of your blood, because they have
these gorgeous nuclei that stain blue with Herkst
(phonetic) and they | ook just |ike Spiderman outfit,
as the platelets that have not yet fragnented. And
every single person in this room has them
circulating right now.

And a third are endothelial cells. I n
fact, | told a colleague of mne about this, and we
sorted sone, and she's growing them in vitro, in
culture now, right from your blood, endothelials.
Just take them out of your arm and put them in
cul ture. You can grow your own endothelial cells.
You don't have to pay all of this noney for this
cocktail to grow the ones from the repositories.
You can get themright out of your own arm

(Laughter.)

DR. STEWART: Now, we |ook at just a
proof of principle. W contamnate this preparation
of blood with a tunor cell |ine, which happens to be
cytokeratin positive, MJC1 positive, and ERB B-2
positive. Onh, wouldn't it be wonderful if everybody

was |ike that? It always works with cell |Iines.
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Make the biggest clains with the |east anmount of
dat a.

And there are the cytokeratin positive
tunmor cells. If we -- oops, | think it's tired --
and you can see now that we are seeing our
cytokeratin positive cells here, but are there any
contam nati ng bl ood cells?

Well, we know there are because | showed
you the specinmen we didn't contam nate, but again,
if we now go to our nost stringent criteria where
they have to be negative for this, positive for
cytokeratin, MJUC-1 and ERB B-2, the data that we get
by addi ng the nunber added and the nunber we found,
which is this one, which is the highest specificity,
we have recovered virtually all of the tunor cells
W t hout any contam nation at one to a mllion.

So are there two per mllion? el |,
let's see. Maybe.

And here's a normal and floor patients.
These are the actual ones. If we [|ooked at
cytokeratin, we have 1,778 tunor cells in this
normal person. | don't think so.

And we see that these patients have lie
nunbers (phonetic). If we now take our HEEM

negative cells, we now add that to our criteria. W
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now have one in 12,000 or one in 13,000 that still
nmeet that criteria.

If we add MJC-1, we have now one in
168, 000. That's our specificity, and if we now add

ERB B-2 so that we now have one, two, three tunor

mar kers, we now have greater than one -- we have
| ess than one in a mllion masquerading cells in our
bl ood, and yet we can still see that we can detect

significant nunbers of cells in the patient except
for Patient 4, which we could not detect any tunor
cells.

So with high speed sorting then, we can
interrogate 100 mllion cells in 55 mnutes and sort
in this exanple 746 cells onto a mcroscope slide
for further study.

Thank you.

(Appl ause.)

DR. GREENBLATT: Thank you.

|'"d like to thank all of the speakers of
this session and all of the speakers we've had over
the last tw days, and could those who are
participating in the panel discussion cone up to the
podi unf

DR RAZZAQUE: I would like to start

di scussion on this session, Session V. On page 56

SAG 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

357
of the program book, you wll find tw sets of
guesti ons. The first set of questions are on
detection and characterization of contam nating
tumor cells in cell vaccines.

The second set of questions are on dose
selection for irradiation of tunor cells to be wused
as vacci nes.

You know that tunor cells are sent into
the peripheral blood and may reside in the bone
marrow. So when you use these cells, PBMCs and bone
marrow, for generating cell vaccines, for exanple,
dendritic cells as you have heard in this two-day
nmeeting, there is a chance that you mght pick up
contam nating tunor cells.

To insure the safety of these kinds of
vacci nes, cell vaccines, we have formulated sone
guestions, and we need to address these questions in
this session.

Dr. Unhr has shown a nethod of detection
of cancer cells in blood, and he has detected one in
ten to the eighth «cells in |eukocytes by
i munomagnetic anplification, flow cytonetry, et
cet era.

Dr. Stewart has shown a high speed cel

sorting nmethod of detection of cells, and Dr. Hoon
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has shown PCR nethod of detection of contam nating
tunmor cells.

Wth that | would like to ask the first
gquestion to the panel and to the audience to be
addr essed. The first question is: what woul d
constitute acceptable nethods for identification,
gquantitation, and characterization?

Panel , pl ease.

DR UHR | think it mght be in the
future -- let nme just say this. | can't answer any
of these questions, and | don't think they're

answer abl e ri ght now

But | think in the future one m ght well
be using all three, a conbination of all three of
the techniques we're discussing. One is going to
have to be able to count the cells, and one is going
to have to characterize themin great depth, both in
terms of the proteins they nmake and in terns of
their genetic alterations.

| mean, as a sinple exanple, if you find
a certain nunber of cells, X nunber of cells in the
bone marrow after purging, and these cells have
anplification of HER-2; they make a | ot of Cyclin-D;
they have sone replication, invasive markers, et

cetera. One would speculate that one m ght have to
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renmove nore of those than if you have the sane
nunber or smaller nunber of cells which don't have
HER-2 anplification, which |ack many of the markers,
let's say, that we associate with aggressiveness in
terms of tunor cells.

In fact, what if none of them are
di viding, or some of them have sone of the changes
of apoptosis, nenbrane flipping, for exanple?

So it seens to ne that it's going to be
different with different tunors and anong different
patients, and there wll be heterogeneity even
within the cells of the sane patients, as has been
careful ly brought out.

So you'll want a technique where you
could ook at a lot of cells quickly. Wether it's
slide based or through the flow cytoneter, | don't
know because they keep on inproving both, and you
mght well want to do sonme PCRs to pick up
particular nutations which can't be done by multi-
color FISH on interface cells, et cetera.

So | think one mght well not pick out a
techni que now, but say that we may well have to use
all of the advances that take place fromthese three
di fferent approaches.

DR. RAZZAQUE: Dr. Stewart, please.
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DR.  STEWART: Yeah, | certainly agree
with that. The technigues we use are going to be
the nost difficult thing to answer, but in ny
opinion there's only one question, and it's a tough
questi on.

The only thing we have to knowis if the
tunor cell that we see contam nating the bone marrow
or the blood or wherever is clonogenic because |
don't really care how many tunor cells there are in
this patient's bone marrow if there are in any of
t hem cl onogeni c.

And so the challenge we have is to
develop a reliable assay for clonogenicity, and it
may, indeed, include all of the assays that Dr. Unr
just mentioned, but that is our challenge, to
determ ne and sel ect a clonogenic tunor cell.

And | think Dr. Hoon's data where he
sees nelanoma cells in the bone marrow and there
aren't any nelanonas growng in the bone marrow is
an exanple of that, and we have |lots of exanples of
that, not just that one.

DR UHR Can | just nmention |I'd like to
throw in an addendum to that? | don't like to
di sagree wth Dr. Stewart. I enjoyed his

presentation too nuch.
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(Laughter.)

DR UHR But tunmor dormancy is a
pr obl em | mean | personally think cancer is a
chroni c di sease. It dissemnates very early, and

then after you, quote, cure the patient, there are
still the cells that are around. We know that's
cl assical for nelanonma and for breast cancer. They
conme back as late as four decades |ater. But |
think it's true for many of the other cancers,
perhaps all of them

So the fact that you mght have a
clonogenic <cell doesn't in itself definitively
indicate that you are going to have in vivo, in this
particular mcro environnent, growh or that the
grom h may not be bal anced by cell death

For exanple, in the nouse nobdel that we
use, nost of the cells are in cell cycle arrest
There is a population of a mllion cells in the
spleen, and they're dornmant. The aninmals are
heavily 1immunized, and nost of them are in cell
cycle arrest, but a subset are dividing and
apparently dying at the same rate by apoptosis
because they carry the same one mllion cells

t hroughout their life.
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| don't know whether this is going to be
the sanme in the human or not, but | think
clonogenicity would be worrisone, but it wouldn't
necessarily equate with the fact that these will not
be dormant.

DR. RAZZAQUE: Dr. Stewart, do you want
to comment on that?

DR. STEWART: | would like to respond to
t hat qui ckly.

DR RAZZAQUE: Yes.

DR. STEWART: And that is ny definition
of cl onogenicity does include dornmancy. A
cl onogenic cell could very well be dormant. W have
to find the assays that are going to neasure a
cl onogenic cell, not what it's doing right now but

a cl onogenic cell.

And | want to meke that Dbecause it's
i nportant. Just because they're proliferating
doesn't nean they're clonogenic. Just because

they're dornmant doesn't nean they're not clonogenic.

DR UHR | agree.

DR,  RAZZAQUE: Dr. Uhr, | have a
gquestion to your opinion to your experinent. Are
you getting -- this nethod that you are using for
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epithelial cells, is this applicable to other types

of cells, |ike hematopoietic cells?

DR,  UHR Il think it may well be
applicable. That will be nmuch nore of a chall enge.
| mean, the epithelial <cell, <comng from the

ectoderm and the blood elenents from the nmesoderm
obviously have different genetic prograns. So
there's just a plethora of markers on the cel
surface and intracellularly which distinguish them
and that's why we're able to get down to this
sensitivity.

Now, when you begin to deal with other,
let's say, hematopoietic tunors, | nean, that's
going to be nore of a challenge. You're going to
have to look for quantitative differences, et
cetera, plus nutational differences.

| think it may be sol vable, but I'm not
the one who's going to do it. It's a tough job.

DR. RAZZAQUE: You need nore noney from

DR UHR No, | can't add anything to
what has al ready been sai d.
DR,  RAZZAQUE: Dr. Hoon, please, any

comment ?
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DR HOON: | agree with the other two
panel nenbers.

One of the factors it is is the source
of actually where you're going to harvest the cells
fromwhich will be critical. |If you're going to do
it from the Iynph node, the gold standard wll be
i mmunohi st ochem stry, which is acceptable by others.

Bl ood, it Wil | be a little bit
different, and bone marrow aspirations for breast
cancer patients, inmmunohi stochem stry is used.

However, the other aspect of it is what
| evel of disease. Most of the studies that have
been presented are giving vaccines to patients with
tumor burden, and the mcronetastasis or so-called
occult tunmors | don't think are going to really
affect overall what the influence of the overall if
they do contam nate and grow, especially in patients
with tunor burden already.

The patients who are disease free or
earlier stages where you are giving vaccine and you
are giving tunor cells, there are sone studies out
there that do affect, but those require clinical
followup in order to really determ ne that.

So those patients who are early stage or

have no evidence of disease, it will be a critical
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factor, but advanced patients, we are probably

pushing occult tunor cell's detection a little bit

too far.

DR RAZZAQUE: Dr. Hoon, | have a
question. Your PCR -- okay. Address first, please.
Ckay.

DR. STEWART: Can | ask a question?
These mnethods are extrenely inportant for early
detection, for prognosis, for nonitoring efficacy of
di sease, but can soneone define the know edge base
for the danger of taking cells out of the body to
make dendritic cells, taking that out of the blood,
adding GMCSF and I1L-4, and then putting back the
sane tunor cells that you got fromthe bl ood, except
now you have them in an environnment where you now
have dendritic cells there where you didn't before?

You know, maybe |'m very naive, but
we're just making this assunption that we have to
deal with this situation, and | want to know what
the knowl edge base 1is that it's a dangerous
situation. Like has this been done in animal nodels
where there's circulating tunor cells and, you know,
you nmake dendritic cells, put them back, and the

m ce get tunors or any evidence in hunans?
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DR, MARTI : That's a major concern.
These not necessarily grafts, but these products, if
they're going to be derived from an individual that
has circulating tunor cells, we're seeking input on
t hat . Do those cells need to be purged? |If so,
how? And what will be the lower |imt?

And a subsequent question is: can you
irradiate this product? And if you can irradiate
it, how nuch?

DR, STEWART: I"m just asking the very
first question you nentioned. Do those cells have

to be purged? That's what I'mtrying to get past.

DR, MARTI : Well, certainly from the
stem cell labeling studies in pediatrics, the cells
that were still contam nating the graft are the ones

in the majority of patients that give rise to the
rel apse of the | eukem a.

DR, LOIZE: Actually it's neurobl astom
studi es you're tal king about ?

DR, MARTI: I'"'m sorry. | stand
corrected.

DR LOTZE: These are from Malcolm
Brenner, and in actual fact | think the best answer
to Jeff's question may be situations not where you

transfer back into the sane individual, but the

SAG 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

367
experinments where people actually transplant them
into another human being, which occurs in the
setting of human transpl antati on.

DR. STEWART: But that's totally
different. That | under st and. I"m tal king about
t he sane patient.

DR LOTZE: But that is the fear, and |
think Dr. Unhr's coment was relevant in the sense
that maybe all of the patients we see already have
at the tine of detection dissem nated tunor, and so
the issue is wll it transfer back into sonebody
who's nomnally cured or seem ngly cured of disease;
transfer back into that individual of a fixed tunor
i noculum increase their likelihood if those cells
are viable, and to use the termthat's been bandied
around, cl onogenic. Does that decrease their
i kelihood of being alive ten, 20, 30, 40 years
| ater?

That's the question | think you're
asking, Jeff, and for that there is no data. | nean
the only data that exists is in the setting of Human
A transferred into Human B because you don't know
what's goi ng to happen.

DR. STEWART: That's another story.
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DR LOTZE: But can | bring up an
anecdot e? Because | think it's an issue that's
confronted us before, and if you'll allow nme, | had

a young worman in her late 30s who had w despread
nmet astatic col o-rectal cancer who had two identica
triplets. She is one of identical triplets, and |
wanted to immunize one of her triplets to her
tunmors, and | pulled a variety of different
oncol ogi sts and scientists around the world, none of
whom felt it was ethical for nme to do that because
of the concern associated with potentially giving
viable tunmor to an identical litter mate, if you
will, in whom ny assuredness of knowi ng that that
tumor was not going to grow in that individual could
not be 100 percent.

So | said, "Well, what if it's a really,
really small chance?"

Still the ethical issues prevailed, and
so | think the question that Jeff asked is an
i nportant one because if you play this novie ahead
frame by frame, | think what we're going to end up
doing if we are successful is using sone kind of
therapy in which DCs are charged wth early |esions

or tunors derived fromearly | esions as a therapy.
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And | think the question that was raised
is: do we need to know that those tunor cells are
not vi able? Do we need to know that they're not
capable of limting soneone's survival? And is the
tradeoff, meaning the opportunity of potentially
doing benefit, as opposed to the intrinsic risk
worth it?

And sonmehow we're going to have to
breach these kinds of issues. So | think the FDA is
to be congratulated to ask the questions. W' re
going to test in people wth advanced di sease first.
So | agree with the notion that it doesn't natter so
much for people who have got ten other lesions in
their liver.

But when we nove it into a setting,
which would be nice if we ever get to that point,
where we can treat the early breast cancer |esion or
the early colo-rectal lesion with an autol ogous
vacci ne, then those questions will becone, | think
terribly germane.

DR. MARTI : I think you're right, M ke,
but | think the nost inportant thing is that we're
able to nmeasure them now, and we'll just have to

wait for the clinical followup
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DR, LOTZE: Yeah, | think we'll get sone
information in the setting where we treat patients
wth early stage disease or patients who are very
likely to recur, and | think we should have the
courage to try and do sonething to help that group
of patients and shouldn't limt us in terns of our
ability to use these kinds of therapies.

But | think sonmehow knowi ng whether
cells are viable or not or capable of nodulating
soneone's long-term outconme is going to be a
critical question.

DR. STEWART: There's another corollary
to what you're bringing up to, and that is what is a
reasonable sanple size of what you're going to
reinject back into the patient. Is it the entire
specinen that you have to process to find out if
there's any tunor cells there, in which case it's
lost to the injection back into the patient?

Because you're not going to find tunor
cells if the frequency that you neasure is too |ow
and the one that you look for is in the one that
you're injecting into the patient.

Now, one thing about flow cytonetry is
that you could process the entire specinen and

collect it instead of throwing it out, and you woul d
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interrogate the entire speci nen and know whet her the
tunor cells are there, and you'd have a narker for
cl onogenicity, right?

So you could say this one is clonogenic,
and that one isn't. So we'll just sort it out of
the way so that it's not there anynore, and there
you are.

DR LOTZE: It sounds costly.

(Laughter.)

DR. RAZZAQUE: A question there?

DR.  KUZNETSON: Dr. Uhr, you can detect
very |l ow frequency of tunor cells in blood, and what
technique allows you to increase the detection of
frequency of tunor cells up to ten in mnus eight?

Because I t hi nk t here IS somne
contradiction bet ween your prediction, your
estimation, and Dr. Stewart's estimation. You have
two order differences between your estimations, if |
under st and.

And ny question is: how many anti bodies
are used for detection of the cells? This is ny
first question.

And | do have sone conparison analysis
of new technique with previous one which you used in

BCL-1 | ynphoma when you detect dormancy or very |ow
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frequency cells wth PCR -- PCR reaction or using
nmonocl onal anti bodi es agai nst idiotopic antigens.

DR RAZZAQUE: Dr. Stewart or Dr. Unr,

pl ease.

DR. STEWART: Do you want to do that
first?

DR, RAZZAQUE: Yes.

DR STEWART: Go ahead.

DR UHR Vell, | think the difference
is the immunomagnetic purification. In the

beginning | stressed to you that this was a critical
step, and two of the known variables are the beads
and their size. You just can't allow any cl unping
or one has a problem

And the second one | nentioned was the
anti-epithelial or the adhesion antibody, and that's
absolutely critical, and it's a little bizarre, but
anyone who works with even big beads will tell you
that for reasons not clear, sone antibodies work
very well and others don't.

So, for exanple, the one that we're
usi ng, which was first described by Dorothea Hurlin,
is excellent. We get 100 percent recovery, and we

get that 10,000-fold purification before flow
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cytonetry, which is essential. That's ten to the
fourth al ready.

Now, we've used another antibody which
we got from another conpany | won't nention where
basically we get ten percent recovery, and not only
that; we don't get good purification, which is very
bi zarre. | don't want to spend too nuch tine.
You'd think they'd go inversely, but we |ose at two
| evel s.

So | think it's the very careful
selection of the right anti-EPCAN anti body and the
kind of beads, and | nean, this isn't sonething we
worked out in one week. | mean a postdoctoral
fell ow spent a year trying to get this down.

But | don't know that there's that nuch
di fference. From what | understood from Dr.
Stewart, it didn't sound as though we have a two | og
difference at all, and remenber we still can get
some cells in our normals.

| mean to reach the full sensitivity,
the gold standard | talked about, we're going to
have to show that those are not tunor cells and they
are events, you know. W're going to have to show

even if they're epithelial cells that they're not
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tunor cells to be able to say that we can detect one

tunor cell in 30 nL of bl ood.

DR RAZZAQUE: Dr. Stewart, briefly
pl ease.

DR STEWART: I'd like to say that the

one really inportant advantage wth the iron
technique is right up front you get rid of a |lot of
noi se. | mean you are already starting with a
preparation in which all these other cells that are
bot heri ng nme because | don't do it are gone.

That is a trenmendous advantage because
whenever you add nultiple markers, you increase
specificity because the probability of noise being
coincident in a nulti-paraneter sense goes away
factorially, and when you start out with getting rid
of ten to the fourth units of your noise right up
front, that is inpressive.

DR. RAZZAQUE: Are there anynore
comments fromthe panel ?

DR. KUZNETSON: | agree with you this is
areally effective way. |If you' ve used few markers
simul taneously on the same system you can increase
dramatically the sensitivity, but  what about
robustness of these neasurenents? Because you have

a very sensitive system and this system could be
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not so stable, and it coul d have unstabl e detection.
If you repeat the detection, you can get dramatic

differences in anplitude of your neasurenents and

frequency.

Do you have sone observation about --

DR. STEWART: I don't think [I'm
followng where you -- | don't wunderstand what

you' re sayi ng.

DR.  KUZNETSON: | said about robustness
of neasurenents and reproducibility of neasurenents.
If you repeat the sane neasurenents with the sane
object after a few mnutes or a few hours or a few
days, what happens if you repeat neasurenents and
how many cells you wll detect with this very
sensitive nethod?

DR. RAZZAQUE: | would like to say that
| would like to end this session. Can you ask him
after this session this question specially?

| would |i ke to thank the panel for your
avai |l abl e di scussions, and I would like to give this

audi ence to Dr. Noguchi for concluding remarks.

(Appl ause.)
DR NOGUCHI : For all of the hardy
survivors here, which | don't know if you're
SAG CORP.
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cl onogenic or not, but | do want to thank everyone
who has parti ci pat ed.

Cancer, in general, is a dreadfu
di sease, and it's well shown by over half of the
I NDs submtted to FDA are for cancer, and in fact,
t hat reflects the inportance of this whole
conf er ence.

| would like to say that we've | earned a
| ot. | conmend everyone for the courage in being
able to try to nove forward on both the clinical
trials, as well as the basic studies, and as we've
heard, we seem to be kind of at the beginning of
devel opi ng appropriate potency assays, as well as
noni t ori ng assays.

But I do have to say | very nuch
appreciated this last session. Mst of ny training
is in pathology and |ooking at tunors, and so |
agree if you could see it, it makes a | ot nore sense
to me than an adverse i nmune response.

| thank all of you for attending here.
e wi | be maki ng sone deci si on on t he
recomendati ons and discussion that is being done
her e. If you really like this sort of thing, |
think we mght want to do it again, although |I can

tell you that Dr. Puri and Dr. Razzaque can tell you
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that they'Il be very appreciative if sonebody else
hosts this neeting.

(Laughter.)

DR, NOGUCH : But it is very inportant
for all of us in all of these fields to continue to
get together because | think it's only when we apply
all of the nodern technol ogy, all of the best m nds

that we can ever nmke progress in this deadly

di sease.

Thank you all very nuch.

(Whereupon, at 5:29 p.m, the workshop
was concl uded.)
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